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ABSTRACT

This thesis aims to design an automatic scoring of answer sheet by using
the two-axis camera slider which is controlled by microcontroller for adjustment the
camera location to cover all number. The operation system starts from the program
receives an image from camera. Then, the program will crop the image and classify

the handwritten number with CNN. After finishing the process, the program sends

command to microcontroller for change answer sheet.
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Unipolar Stepping Motor

-al o o = «
JUN 2.4 dhwurnswWuInaInYes Stepping Motor wuugillwans [3]
Ingdlngjazly Stepping Motor unviinismsmiuaulagldislussuuidnea
LU W3IBS (Printer) Waam-1Ap3 (X-Y Plotter) Aanlasw (Disk drive) 1Uufu Stepping

Motor wansldaguil 2.5

‘gﬂﬁ' 2.5 Stepping Motor [4]

2.1.2 Ultrasonic Sensor module

Ultrasonic Sensor module %38 HC-SR04 tdugunsalldtasyaznialaglal

v = LY. 7 o 1Al v s s !-'5 ! = [ @ b
naadinsdulanuiumiannensin Jalasud 2 cm 9 400 cm Tnedadupndansile



a < v W 4 a < &
fiapmd 40 kHz Wluenia dmuing wiedsinuanauuidunig adu Ultrasound tuag
v as @ . W = = )
gnazvieunduluds Ultrasonic Sensor module wanwsiagufl 2.7 Seanunsamuiamszes
v < = o o Y a @ ' 3
lannanuswendsuarszezafidoddnisidunie fodrevas Ultrasonic Sensor

Ve d
module UaRlARFUN 2.6

Front side

Wley[n-Fr *
u“qs_.

- vl . =
(-5 Rst gup - I
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% @ 50

£e
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PR

Vce Trigger Echo GND

fgﬂﬁ 2.6 Ultrasonic Sensor module [5]

'

‘g‘dﬁ 2.7 1annN15¥iN9uUed Ultrasonic Sensor module [5]

31n3UN 2.6 Ultrasonic Sensor module fifulousnaviavun 4 fufe GND
VCC Trig Echo wag GND Tunisademau Ultrasound fpsiapianiuzuesiiy Trig 1y High

Wuian 10 ps lngagdsadu Ultrasound 1useu sevas 8 SamziiAuniesiieniuii
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e wavazsudyaazyiounduffiu Echo LLﬁ”’ma“z’IayjaL'Ja']ﬁ"[*fﬂumﬂmuwmﬁu Output

meﬁ’dgﬂﬁ 2.8

A
sV 10uS pulse to Trigger
sVt

L %

Trigger
i Eight 40KHz pulses Transmitted
svt

Transmitter
output

I Width proportional to measured distance

SV

Echo
output ——

HC-SR04 Timing diagram

s

o | o y
IUN 2.8 M5e wagSuAyyYes Ultrasonic Sensor module [5]

megalunisiuim laeimualiingegien Ultrasonic Sensor module
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10 cm Wazm e LdsAn 340 m/s ¥38 0.034 cm/us FeanunsaUsEanuAaIiady

as

Ultrasound Tﬂumsﬁumﬂﬁmﬂm‘iﬂ’lixEJ::‘vi’WuaﬁmqﬂU Ultrasonic Sensor module

UIIAEANMUSIvaRded Jsanusamsuduaunislamaunisi 2.1

s (2.1)

Wo ¢+ wnunaiiaau Ultrasound Talunsiiumig
S UNUTTHEN

v uvuAnusweadesde 340 m/s e 0.034 cm/us

INANNITN 2.1 WANY Echo agdsAIaaau Ultrasound Talunisidunig

Usvana 294 ps wafilaliadugeavinveseaennaase Waswwnady Ultrasound thuyng
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2 9
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sadunsldanu wagnisiligulusunsuaiuaun Ultrasonic Sensor module
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AnaIzdndsena e Lduseey ssuuiiianindeudeennsoliluliglauis 39
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YiUNU Z Uaghing Z Wiaenan annsaeunesaguin 2.9 laevigud) CoreXY Wunsiedauiilu

wElussuuRnaASAdeY 2 wnu Aoy X waginu Y
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(=31 g
7177 Too i
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LY JUT B R '
; +-1
4
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JUN 2.9 szuuiiiaansiidau [6]
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é: L =l = l:l =l a S a ar 1 s
’ﬂ’]ﬂzﬂ‘lﬂ 29 EEUUWﬂW”]']%V]L‘?jEJHWT\]ﬂ (2,3) AlEUNNA X NNV 2 Larnng

q

a e

2
o & o

Y

Wiy 3 9@ (-3,1) uasiifinin X wihriu -3 uaefidn Y wiidu 1 90 (-1.5,-2.5) @uRuiiine X
wihiu -1.5 uagiiia Y wihiu 2.5 wazge (0,0) Bidadugeaida

M5YIUYes CoreXY Fadld Stepping Motor 2 72 Aisweimes A uasuawmas B lu

msenupuuagldanemiu 2 1§ Aemenu A uaraenu B lasaewiuaessdatufuny

indeuiiiteuussnsgviann Stepping Motor WazN15IAINAINAUIUBY Stepping Motor Way

awmulﬂuﬁ’agﬂﬁ 2.10

U — U o@o
a3 o f @ W uawes A
LBX o. lo
UaLM99 B
o O,
S
[ ]
(0,0) o 4 o
L) ) AALNULARDUY)
—_— N A
gME dME —_— ANUWIU B
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060 G®O

SUN 2.10 MIIMNEuMLeUad Stepping Motor wazanewiu [7]

v

ql A s { ! =
sreEnoMslumsia BUW’JLLﬂULﬂEBUﬁ"ﬂgq ﬂﬂ’)‘UﬂQJIﬂEJi%H%ﬂ’] U UASVIANINNIG

= & @ =l = )
MY UVBN Stepping Motor %3aassa Taaunussuziinesnmsiousnassluuuaunu X 1y AX

v =

unuszerinesnsdeuiindedluiuiuny Y lu AY wiusseriivewes A wyuluiiemavu
Buwiinuiu A4 uasunuszeziivewes B wyulufiammuduuinuiu AB Taedl
AFUSAIANNTTI 2.1 uagaunsil 2.2 waauduiusssuineiavnantsuyunuiauds

A uaz AB Wamasasuil 2.11
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AX = % (AA+AB) (2.3)

AY = % (AA—AB) 2.0)

O DA O O -4B O

N\

O aa OJ\O a8 O

JUI 2.11 muduiusseninefimnesmsnyuiudangs A4 wee AB

< Y v a P & U oaw a
1NN 2.9 madesnsiiiununiouiiadounludafiin (2,3) wufiuns 91n9m
o a a o i < s £ %) -l
NILUR (0,0) IUALUAT LLAEMDINITNIIUANTLYEENUDLNDT A WB\TWQULLWUWUH AV VG ERHASEAT

2 L 1 4 lg 1 o 1 ooas d
UalmasT B ADNVIHUILNUNIY AB lnoduusnmiAn AX INNITUIAINARLULULAY X N19A

q

i < a k4 & = I o 1 &
Uanennsaumenigaisuay dufie 2—0=2 lwufiwns ezl AY snnisihafidaly

] '
=

LWUNU Y AIRaUatenauimenyasuiy dufe 3-0=3wufwns antduin AX =2
_- =Y A d‘ =f 1
WURALLAT Wy AY =3 1 9uURlung wnuadbuannisi 2.3 wasaunisn 2.4 3ams1ual A4d=5

WwUAlAT Aeuawmes A deanyuiiaviamuduuninily 5 lwufiues uay AB=—1 fe

'3 P a a a a a = ¢
UoLmes B mawyuwwwmuvnumwﬂﬂﬂ 1 L URLURAT Imﬂmmmaﬁmmwwuama‘a A

viulARagUN 2.12 uazeButeszeriueawes B uyuldnaguil 2.13

Y
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= = v
JUN 2.13 sepziivewas 8 wyuld

2.2 BANNISNEINUNISUTEUIaNANTIN

2.2.1 fangaq Bilateral (Bilateral Filter)

g ” s 1 = 2 » =l a ) nl
#an304 Bilateral \Wusnsoslaiudaudu (nonlinear) Tnoildnwue i
auInandyINsUNIULY wardirssnwianuandaresveulunwlunSoutumeaiunsa
s a
wanslagsguin 2.14

4=I =l b3 L7 L dl 1 o/ a
JUN 2.14 msidsguninauatunuawicumnges Bilateral

91n5UN 2.14 aswudveuesjuindagaieluninasdaiaunniu way
= 4 a 1 1 = v 1 dl ! g @t
TUATLDYATDININITANAY LHBI9NAINTBIILLUAYBIWFaYINAME AR MTN

090alnALAEY TAgAI09UIMENAILI50DIMINNITNTLANBRUUNIALTIY AIUTIAYAIUDY

v v
1 i o

mnsesiifeadrdminbildvuegiuiinaalndifissiiduinansseenauuugadawiny
uAtuegiuANUUANANNTERINAYBURaEANwaMY Juvihlisnyivaurasinglunnlvil

anupNegle lnedansed Bilateral awsalenulansaunish 2.5

P@=—- 3 £l - 10he. (v - (25)

p XNE Q
| ° v al
lag# W, annsaruanldannaunisi 2.6
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w,= 2, /i(

xe Q

I(x,) = 1(x)|)g, (|, — [ (2.6)

P 5 =
LD i LquﬂqwqﬂQﬂﬂia\j

I UNUNNBUNATBIRINTEY

=

x  unuinavasiinatagiuiignnses

Q  wnunseuvesiinwalndlfsiifiinatiagtuduiumiingns
£ wilaidumiresivatasiiviliAnanuunndsvesanudy
g, wnuilidumimesiuaiduiuiialdanauunndnsluiisa

HandunaesiuatenvinlmAaauLAnAIr Ty Lasilanduminesiua

Wenuiiwe lwdsanuwnnsslufnnausaladuieddunisnszaneuuunadeuld

2.2.2 msylaan (Thresholding) uazdalaunsy (Histogram)

wisglaaniunszuiunisedrsdrgluniswlsdndiuvesniweanduassdiufe
Y1ILALAN ﬁdifmfjabiWUH‘SS‘U‘)‘Uﬂ'l‘iL‘/]‘ﬁ‘UIE’Iaﬁﬂ'lW‘U"I’Jﬁ”IW%EmWwﬁﬁlaqmﬂgﬂm‘ﬁwﬁ’lw
amiluuns Bashldleesmusdinsdleadiieldluliouiisuiumusasinwamnain
inwesfinageniwnsvlead Anwaszgnimvuabidudenlueidnmn minauduves

= o =l

Anwanininnsvleanazmvualduda aunsaldouldsaunisi 2.7

l, I(x,y)2T (2.7)
0, Ix,y<T
We 1T wyusnuduiinantiunssuiunisinsyloan

IT(x,y)={

I uwuAnuduiineadune
X WYUNNAYaIRNLYaMULLILNUUDU
Y WURNAYBINNLYAR 1MUY ILAURY

T wiuAwnsvlaan

NNEUNTN 2.7 MImvualimanuduiineaidu 0 azsuudsuazimune
Anudufinalty 1 asunudvn Jenusafmusdimiuduineasduiuldiuedfunis

Tundensiunssuiumstl Fansaleadidunilsluidnsueningoenainiuvdsluniw
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wisvlganfesenfunsivusrImstlean feaunIsRasaEenasslaann

173 v [ =
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NNFUN 2.15 uag 2.16 gnunawnsaRsadenamstloanlaainnsiv

o

Falownsy wsiganuduvasinwamdunundsazialnalfsatiuuasdsuvuuinvane

s = o

Anga i biiaauduInluseauAuuAung wasdiuingasinisnszanedidudn

! at v A I = © 44 2 1o 1 1
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2.2.3 N15UIAUNAS (Find Contours)

s

Y & v o v oo A ' S0 4 o o
AauISENNsasuelaludulasiausanuannaailasi UL (913

Aad a ) =~ v oal ) v ¢ & = A da P )
LUILYR) NUFREINUNIDANULLULALINUABUNAS tTuATnaleniiuselosidinsunis

WRTERFUTI MInTduinguarnisend

nsmeeunslunwansavitlanainuasds anmee1935 Moor Neighbor

Tracing lagiindnniseadl

1) wsumusfinaliuauaIgn1saunuaIndLrtyuasde lnedeuainas

& v < g vo < -
PuUY warngeluv Fealrmivuamwduninluun’

d = Adﬂ 1 o 1 1 = s o/ o
2) LUANUNNLYANUAYN I‘I.J'iLLﬂﬁﬁJﬂﬁLﬁUﬂ’lm’leu&ﬂ’]WﬂﬂLLﬂSEJEJUﬂﬁ‘U\LU 1

ATLNLINBUWURNARYD

3) GumsawnumezUiuumuduudnlusuninagnuiinivaden

1%
o as o

o :.)J A =t g 1 o 1 A:: =3 13 1 =t ay
4) MUUNDUN 2 09 3 ‘UWQUH?WW’]LLWU\WLﬂUiﬂﬁ]%‘tﬂﬂUFﬂLLﬂUﬂLL'iﬂﬁNﬁu&jﬁﬂ’]‘ﬁ

VABUNS

1ABNsEUIUNITMIABUISAIBIS Moor Neighbor Tracing @ansnasuielasa
a o ey a = al a a o a A a =
3UR 2.19 Tawfmuslidvmuvuiineadyr Smuniiineadi wasdidewnuiineadign
UUTNFILNALA

step 1 step 2 step 3

JUN 2.19 nszurunmsmasuviasaaeds Moor Neighbor Tracing

2.3.4 nsBuLigunTWa19ds (Template Matching)
PANNISWSEUNEUN N 1989 US s UL uRin@auaIn Wit AL Uiy

Wiold NsSeufisun men9da JudsAldd v UNISAUN LA LAY ATIVADURILALIVD
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AmmLwandadauiadnnitnnitiuUSeuiieu dansiuseuiisuaiuisaldainudy
Yaafintgalaalygni1sin SAD (Sum of absolute differences) FIAUUANANTIYTIv04

ANUUURNLEAAIUISOARS LA FIANN1TT 2.8

Dg}.(.f(xs5ys’x£5yl):

L(x,3.)~1(x,:2,)| (2.8)

di' = [ 7] 4 s '3 e

die  Difft  wnuilidunmsmanuuanansduysaluesnnuduiniga
I WIUALLUANLTANTNEUNG

I WMUATNLULANIYANITNE9BY (Template)

Xy, WURAANNYAUInNIWIUNG

X,y, WAURNANN@AYININe1984 (Template)

Mnaunsn 2.8 annsaldeuduilsidunimisasiuvesmiuuanasduysal

(Sum of absolute differences) l@ssaun1sa 2.9

T:'aws Teois (2 . 9)

SAD(x,y)= Y > Diff (x+i,y+ J,i, )

i=0 =0
e SAD  wnuiindunismuasinveinuuanduyal
x,y  wnuRiafinieavesnmaune
WU aVATEIN IE19BY (TuAATIET)

rows

s WIUTIWIUNENIIVNATE9AIWE19B (FWIAAINNTIN)

NAUMTN 2.9 @015 88UlEINIBUIUNITNNAAAAIAASINOALN UNININ
enddlunmBunalilasnmsideudiadusiulufaddunismuasiuvesriuuandieduysal
TWaunsunenndunananslansaunisi 2.10

Srows S,
rows  cols 2.10

M(x,y)= Z Z SAD(x, y)

i=0 /=0

Wa M wUHINTUnNan1sIUSsUBUNEANS



18

X,y Wnuinefineavean wdune
WUI UL IWINNAYBININEUNA (VUIRANYT)

rows

o UWUDWILNANTIINUAVBIN NI UNA(YUIAAINNI)
P ' ¢ o l a i a -
NNEuMIH 2.10 wnaniliidunanisidseunisunasinslundala datae

WEAIIHloNENA LU UNUAT WM UAUN N 1984

2.4 nannisileTunszuiumaiseuiuazanin
2.4.1 Tassdneuszamiiion (artificial neural network)
Imﬁa‘dmﬂﬁsmmﬁamﬁwﬁﬂu‘[umamn‘%aui’maam?m (machine learning)

&

Lﬂud'swﬁwmﬁmmﬂizﬁ@ (artificial Intelligence) TaseteUssamifivuiinaufnsisy
wnnsAnelasanglnin@inim (bioelectric network) neluaues Feusznauvdae 2
duAe Wwaduszam (neurons) war yauszauUsEaIm (synapses) lasaneUszamiiies
anunsadslunsuitym wu msduungunm waznisuszananan1w1sssuyR (Natural
Language Processing) 1Uudu %dlumcﬁ%ﬂﬁﬂiwqE}memﬁ&lmmuﬁﬂgﬁau (artificial
neural network supervised learning) Tngilunislilassinasaudainyadoyaiinaou
(Training set) iffaouainetu Fausznaudedeyadunauaseiodmaidunanouauas
wWwiane (Target response)

sUuuumsiindeulasstedsamitenuuuiifasy Sudusnenistiouduwn
vihglassiieUsramidion ielilassineUszamilonadnanouausseanun duedne
Fanatordiwnazifuedidls TusgfuannziFuduveslasmieussamiion ndiandu
wiinafenanazgninluTououiuA e dwaisnedeniauuandis aaanu
uansinstuazgniintsaniduaunaiaedeuiitrluduanuiudan1iesineg lulasee
Ussamitonlirunaiaindeuiiddesiign 9rnguuvuidesiuresnisiinaeulassde
Ussamifisuuuuiigaeuanansneiuelaeseasdeals 2 nsvuiunsmdndie

2.4.1.1 NS¥UIUNITAEIY
nszvaumsarudunszuumslindmansuauamioioinavedlasiing

Uszaiiiey lnaisufiansananniassinaussa ey 1 viie AaguR 2.20
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Hardunsedu

x!
(Activate function)
')‘_2
S f(s) z
X

EJ o 1 =l 1
'E‘LI‘V] 2.20 wuudnasslaseneyszamiiien 1 nuae

<

o a al i a
ﬁ)’mgﬂ‘lﬂ 2.20 auwmsﬂadﬂﬁganstjuwurJﬂﬂa XXy vy X, Imﬂauw‘mﬁ]gf‘]ﬂﬂm

LY - 1 =3

MEMTMINURILAREBUNAAD W, w, ..., w, Uazidnguionrasiy Uienuasiuasyi

2 U

v oo i i = v w oa o v Y ) a [y
‘WUTV]T}ﬂJNaﬂﬂJ'iBVI'J']\‘iﬂ?ﬂu’]'ﬂu’ﬂﬂUauwm'ﬂ\jWﬂﬂlﬂwaaWﬁﬁ@ s ‘ﬂ@ﬂ’]mTﬁﬂL‘UﬂuaﬁJﬂTﬂﬂﬂ\‘]
M|
gunisn 2.11

S=XW X, W, X W, (1)

(2.12)

1
§= Zx,w,.
i

diela s uansguauniseelufie Anuaileaddunszdu (Activate function)

= ] 1

- ¥ o ar 1 3 GJ a ﬂ.l{ i (2 Ay v @ 1
LWE)S[,“U'%'WHFI‘U?G‘U@\?L@']mﬂﬂﬂ‘\]%LﬂWUUﬂ@ z LU’ENT\]']ﬂm'lmﬁﬁ]ﬂlﬂ'ﬂ%ﬂﬂﬁx‘lﬂE]I‘LJEJ\‘]IF]?Q‘U']EJ

u
I a

Usganuiiedlutudu 9 deold Tnefardunszquunuday £(s) wdadu 4 wiia lasdl Ao
1.Threshold function @u1sauaAIRIENNITN 2.13

1 520 (2.13)
0 ,550

NNANNITA 2.6 annsandoanslaragui 2.21
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Ll &

gﬂﬁ 2.21 n3NanauaueuBs Threshold function [8]

. . . & ar al o 1 =l 1
2. Logistic function tJuisndungnldarudvlassdredszanifisuagis

U
[ s o w as : ] 1 {

LWSVANY WNSI1Y HARBUAUDIDINaNTUNAd18iU Threshold function waldluluusaiiles
d! U A _ & as 1 a 2/ 2 1 -
Fanueaud Wedunnvesienduiidtesnanouausilanduazidlng 0 usnindune

£ ar a0 € - ) E 2 2/ =l :l
Y2ININTULAIUIN Wasevauasiantuaziadlng 1 Insa uisaldeuannisialuaunisi
2.14

. (2.14)
l1+e™

NNAUNITH 2.14 awsandennslanigun 2.22 Inenanavaussiaiduay

aglutag 0 fia 1 uazdiusepdeiuiignes S (S-shape)

z
1.0} —
//
0B} /
/.'
Uﬁ?
(,l{’-
/
/
‘n'
foz
,/,
i ._.s-ﬂ’( 1 L
=10 -5 5 10

gﬂ‘ff’i 2.22 N3 MHanBUAUDIYDY sigmoid function (8]
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3. hyperbolic tangent function tHuilsrduiindnefu siemoid function WAYA

E" 1 1 s q! = t:l
AINAIYBINARBUAUBINAIYINAY O ﬁﬂﬁ’uﬂiﬂL‘UEIUﬁﬂJﬂ'l‘i‘lmuﬂlJﬂﬁiVI 2.15

i (2.15)

Z= 5 —s
i

PNFUNITN 2.15 au1sandannsnlamsus 2.23 wuInsINanouaues

Y

o

laiduaziitvewanavausaglutg -1 84 1

[

0.5

~10 -5 5 10

-},

~1.0

g‘dﬁ 2.23 n91NanaUaUBIYed hyperbolic tangent function [8]
. % " . ¢ w 1 ' a Y
4. restricted linear unit function 1Wuisddufinuuanasfuileaidudiine
4 & o Y s & ar a v all’u [ o = o (% 9/
nanunzandurzadeduisntudadu uvenanldulufsdunmnzaudmsunisldy
NuiedLunnmmeRauRIMe Il (computer vision) Afinateladedunauwazuany

< =
ann Ineaunsaldouaunisialuaunisi 2.16

f(z) =max(0,s) (2.16)

| [Ty = = a v o 9 &
INAUNSN 2.16 mmimwé‘amﬂﬂwiﬁmgﬂw 2.24 Fafisuadenulsigannn

U

o i =l 1 =

UNBUNAAINTT 0 98dANTY 0 wazillodunadaAiuinin 0 agld

q 9

lnunanauaunIian

4
NARNDUAUBIVINAUUNS

q
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3‘1)171' 2.24 n31NanDUaUDIVaY restricted linear unit function [8]

L7
= I

nsidenldnuilndunseiuaziuegivanumneanveusiasyadoyadildiv

.:
TasatieUszamiiion nssvaumsauaiind1aundreduasdunssuaunmsmelulasstng
Ussamiflon 1 wiie wiaSenlddn 1 Tua (Node) Tasstreussamiiioniildanilutiagiu
Huanimenssulaseigyszamidionmesiennsounuunaiedu (multilayer perceptron)
nanafe aandmenssulaseisasuiadu 3 drude Fudunn Fudeu LLaS"E?ULE]’IGTwG] Hu

= L7

a [ & Ao 1 1= o a 4 1 a8 [ )
suwalutuniuaduwainglassiglifinsdannamiadamaniusidugadsioluds du

v (7
o

reludstudeu lnsdudougnimualiiiuinndt 1 u uagluusazduanunsafvundiuny
Tundauls lutugavheldutuedinafiifiestuides Fluaeidinmasgnimuamuednnd
peansaudnguszasAnislden awnsanansiogrsantinanssulasetioy ssamiiton

¢ Y o
weslevinsounuunaraduldnagui 2.25
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Input layer Hidden layr Output layer

d 1 =l q’:
JUM 2.25 andnensaulassiedszaniieumesiannsouiuunaiedu

q

- 1 n’j I 5 o o ! o i/

NNFUN 2.25 wuilutudeunaztuiodneiiduauluauinnin 1 Tua vl
AasinsuiuUFImMavhauneadamansanaunsi 2.5 laednsifinaluda (bias) Lo
szym ity uesuiarluniidy uazinisfudieyadunniuiedwndouseiuluusdas

= @ -
Tum Jeaunsaeuluaunislaseannisi 2.17

n
_ !
S = Z WX, +by,
=1

We ] LNUF N UTUTDIT UL DU

(2.17)

ho wudsulusluusezdugou

i WVUAINUYDIBUNA

N UNUTIUIUTDIBUNA

s, Wsadwimsandumaiuadhaiminuazuandlusaluluadeu
uwnuendasdwinluudaslusludugon

b,  wnurludaluusarluslududeu

X, unudunavedwsazlunlututou
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NauN1s 2.17 Walden s, luwiaslupdosuileidunseiuedafieatuia
TAsen8TeaNIsanIvuals nvianus 4 siannanludreduldiduansduaunisiang

aunsh 2.18

zy = f(sy) (2.18)
Wa gz, ununadwsluwsazlunlutugou

s WiuKanadnsveINsaaBunaiuAmdihwinuazlugs

th

f(sy)  wnuilenidunsesu

PNEUNIST 2.17 waz 2.18 Wunszuiunisneadiamansusazlualududou

gadunszriunsdeniuiululualutuesine Taewdeusauuslunmsdmnaiaunisi 2.19

sf = Z:w,n.xj +b, (2.19)
i=1

ek wiuddiuluaeidne

i unudiurasdunmandugon

n o wudniuvesduwnnndudeu

sf uwnwadwsveansgaudunaiuAd s vinuazuinaeludahluae v
WuHAHAT TR Usalun

b, wiunamludaluusiazlunlutuedyg

A INuulIAT 57 Whgiandunsedudsaunis 2.8 leadmuald s, wiu
£Y o o LY 3 ' a
MY 57 uay z, unume y? Jadunadwsveuiaziuaiesng

4 @1 4 [ LYY 1 = &

daldr y7 fadunadwsvesanlnenssulassieUssamidisnimeiionnsounuy
vanedu wazsduns@uannssuiumsau a1 2 Tuanmsisuiuveddaseisazdndlsl
wiruandmingiaeans dAmlulwssendemsnssuiuounduiieysvanmelulasanelvla

fuAU e Tnenmsusuatadvinnelulasaine

2.4.1.2 NSEUIUNISHIUNAY
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£ a ol 4 - ] a I 1
‘[umiSUQUﬂTEU@Uﬂﬂ‘UﬂLﬂ’]%N']EJLWE]@WFWFI?WNN ANAIATILIAAIULANG19TE NI

¢ ) M v [ ° a a
LE]'IW'V!mL‘l’j’I‘IﬂmEJﬂ‘ULE]’]GMG]mﬂ‘-ﬂ’]ﬂﬂ’iﬁ‘lj’mﬂ’l‘iﬁx‘lm’m IﬂEIﬂ’TLJ’JﬂJW]ﬂ’J’WﬁJNﬂWﬁ’]ﬂmﬂa‘&lﬂ’ﬁ‘W 2.20

1%, (2.20)
E =52(yk -yEy
k=1

e M unudrwiuluae v

koo unudauluseisng

y! wiusadwsvewdazluaie1Ane

yi  wiuawwaidmsusaziuaendng

E LNUAIAITURANER

P I o 1 v P o i ;

dela E UANENTEUIUNITIAGUAIRNINAIINTY (gradient descent) s
[ ) | ) ad v )
LUU‘WUGTUﬂiB‘U’]Uﬂ']‘i?i’]ﬂ"ll,‘lﬂﬂﬂ&‘fjﬂ m’[unsmuﬁaqm'smmmqﬂ’uaq E launsguiunis

iasuanINALtulunsUTuAmasmdnausasuduaunisidfsaunisi 2.21

. oE (2.21)
W =w-—n—
ow
We ow' wnurnaiminignusu
W WNUAIN UM NS URY
E LUAIAIURANAALRAY

WUBRTINTSITEUF

naunsh 2.21 Adsdminnnglulaseeuszamiisnazgnuiu laedne
nsuiuvasiuegivdninitend WeaaSadunszuiunisusuadasdmdnfesdunisduan

nszuuNIdaundu Taeduidu 1 seunsi3ew] (terations)
lunsguiunmsdioundumulsdrfg e é’msnmiﬁ'auiﬁ‘&‘aLﬂuﬁ’aLLUsﬁﬁmummn
sumlsnnuduiinlugsnndulmivagdromnivilinstmuad sasmadoudidui
mnzaududessnn Wesnmndmuasitesiuluszilddeddiammilunisiua
dmaunss waziloniaegranniigavesmuduiinufuiivsgasianduimg usd
fvuarunifuldfegildgnusuduensgaduysel wiegaiunyay Seaunsauandls

Flaguil 2.26
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Gradient Descent

Big learning rate

Global minimum

Small learning rate

N

Global minimum

o =i e al [ z
JUT 2.26 Wisuiigunansenuannsuiusnnisdeus (leaming rate) (9]

2.4.2 Convolutional Neural Network

Convolutional Neural Network L‘l‘flurmﬁﬂﬂauhgfﬁ’uuw 2 daleelsnseq

Wusmuusarnsiminiazansuiuinieavedas

F8NTZUIUNTT pooling FILATIATIIVDS

Convolutional Neural Network Tﬂanﬁﬁwa'\uuﬂuﬁaguﬁ 27

28 x 12
Yy Aldx14x512

L
fully

 softmax

TxTx512

dll=asss

f—ﬂ convolution
1 max pox

COn

output

— CAR
— TRUCK
— VAN

I x1x4096 1x1x 1000

— BICYCLE
ling + ReLU

inected +RelLU

gﬂﬁ 2.27 7M5IUN3¥1191UY89 Convolutional Neural Network [9]

(]

N13%11497U49849 Convolutional Neural Network a1ru1sauwuslamidu 4 dqu

famalull
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2.4.2.1 Convolution layer
Convolution layer LUun1sid1guutneuligdu 2 ffdudansesnaradlu
ANWULADUUUVUIUTIAIUI IOV LANININE LA ATNY1IA Feaumsveansniennaluaz

fnsesanunsoeulafaun1TN 2.22

K-1H-1H-1
,_,r m Z Zz-i‘_pl?,ﬁq k" pg.k,m ot bm (222)
k=0 p=0 g=0
de K Lmu{fumadﬂ'lwﬁuwm WWUNMEWINTU 3 (RGB) Aaae (grayscale) winiu 1
H WUIUINYBIAINTD

LNUAIRURNAVDINIWILRLILAULDY

-~

ENUAIAUNNEAYBININ I URUILAUAS

J

p wudsuAnas iR luLLAULeY
q unuduAnm Rl
m UNUAIAUTDIAINTDY

! wnuaduveInsreulgiu

27 yuAusasingareInInaune

wnuAasdvdnlunsagsumieluainses
b wnuAludalunsazsinsas
o ununaawsvestu Convolution layer
d -, L7 o 1 1 = s
MAUNTH 2.22 A13nesUIEFILUTAIUMLEN 4 Tunwdunanazdinses

dhawdnladsgun 2.28
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Address map of MxM pixel image Address map of Hx H weight filter
A A
f A r \
(0,0) (0,1) Y OM-2) | (OM-1) (0,0) & (0,H-1)
(1,0 (1,1 . (1M-2) | (M) . pP.q .
3 ; N 3 HLO | | L H)
M-20) | (M-2,1) . (M-2M-2) | (M-2M-1)
M-1,0) | (M-1,1) b MM | (M

14 o o 1 = s 1 gﬁ‘ @
JUN 2.28 MILUTAUMLINTWBUNALAEAINTBIN UMD

< a Y @ o <l
9NaNNISA 2.15 anansaedungiuyslunszuiumsaeuligduleagun 2.29

5UM 2.29 nszuiunislu convolution layer

Y

% u’j - o @ 1 LY o [ (%] -]
aeuilevinsaeuligfuudaziinseswvuauuasi lilanadnwsiunw

YUIUVINIWAURTUAIUITLIUYDIFINT DY

2.4.2.2 Pooling layer
Pooling layer 1Jun1sandnsiduas Aon1sansuinesnInasdeieafivun
r] - = 1 = R & o =l ! - =l
VUIANTBUNILAANNLAALIENI Pooling size Lazdulunisideunseulssnin Stride ile

] 1 n‘.’r [ (3 L g P
ﬂ']“l/‘i'l«!ﬂﬂ'1“(]\‘1?11’]47\)3%’1']1]’1'50ﬂ']U'JﬂJﬂ']‘U‘N']WUENﬂWWLE)’W]WG]I?W)’JEJESJWWW 2:.23
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N=|(M-D/s]|+1 (2.23)
A -
Wo M wWiutuInnINauUne
N UNusuanIne1Aune

el & )
s Julunsiaaunsau Stride

o a‘j 7 a P
nsguIun1I1uluty pooling layer mmiﬂaﬁmalﬁﬁﬂagﬂw 250
= . . P o ]
Pooling layer 9¢A58UNTBY Pooling size 9£QNaduUNINNYNAADATIANGIDIN
Nnaualunsaundsiies 1 A1 39 1 Anea Fauannisaiursamuualaned nsl43s
' = = ] v o1 a

ALadvesinimaniuaniglunseu (Average Pool) nsldrunfigalunsou (Max

a c’j r.': n.j ] o/ U Z A:I o } d o 1 i
Pool) #d491nUUILABUNTAUMNTULVINAUAT Stride Annuald Tnuidousiunuage

1 s A 4 o . .
lvuaguuasans Asgui 2.31 Fudunisuanawanisyin Max Pool Iae Pooling size

WINAU 2x2 wag Stride winnu 2

gﬂ'ﬁ' 2.30 nszuruntsviendludu pooling layer [10]
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Pooling size
X g 2 | 4
max pool with 2x2 filters
5 k Bl 718 and stride 2 6
3| 2 jNlEEs
11234
Pooling size
X 1 2| 4
——+——  max pool with 2x2 filters
5 ! 7 | 8 | andstride2 6|8
3|12(11]10
1121314
y

gﬂﬁl 2.31 M3ANIATIFNLUU Average Pooling [10]

ok unsgurunisnadwsildazid g faddunsedudsluns vuaunis
Convolutional Neural Network flesilWendunsesiuiuu restricted linear unit function
2.4.2.3 Fully-connected layer
Fully-connected layer {unisiamitlénssanseoniduain 2 iadu 1 97
wazfleiiududunmedlasstneUssamifien Faiudsiismunfiosaurensadusyamlu
%’u%auﬁwm‘[mqﬁwﬂwmwLﬁEJ;JLLa::ﬁwummﬁwmm%’umsﬁwm Feenunsauanaldis
UM 2.32
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Fully connected
A

hidden

gﬂﬁ 2.32 m3vinauly Fully-connected layer [11]

fanszurumisiandunisudeudnuusiamelusdasdansosdaiminude
Senlsindusnsosnmidrgnisuiunisiuundslasineuszamiiendnadmils Tnesn
WWudugavihevesmavia Convolutional Neural Network ripudilari#u softmax

2.4.2.4 softmax

Softmax Wuilsrddumearinsduvedunn Jedunmiuyadeyaoninmain
1 fully-connected layer Wasnariilaaan fully-connected layer 1Juardiiaanaiioy
vangiums GeAndesuinuandsiulunadunses Convolutional Neural Network
Fofuiteliieransaisdeulrlusaulaswundunaildun Sedeamamninadures
gatayanousinduls lnaidenanArmmniazdugeiign Tnsanusadouduaunisiis

aunnsi 2.17

e’ (2.24)
Sf(y)= ~7
i=1 £

Wy, WUABUNR
Sf(y,) Lmummﬁwmf}wawﬁ%uwm
i WILEAUYRIDUNG

I WNUIUIUYBIBUN
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ileldlendwmvasilandu Softmax tunisaunszuaunisviiauluves
Convolutional Neural Network

Fanszurumsi3ouifounduras Convolutional Neural Network Siwdnnas
Wenfiulasssdssamifioudaiiosunsluuda Gamsunuen y2 Tuaunisil 2.13 aeldmitle

NMNLDIMNAINTU fully-connected layer
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N1398NKUULAZNITINVINUTeY U TINUS

3.1 N1998ALLUY

8 o o £ s
sruuTuAziuutadaunuudadslasldntwilnseu (Python) Tunisweaiun
¢ . e o
szuv uagldlulaseeulnsaiaas (Microcontroller) lunsaugunalnnisiasugadedeuy
o a ) o a o v
WAZNITADUAINADIADILNY FINTLUIUNTVINUVRITEUUISHANIUSUATUSUANAINAE DY
- a ¢ o ar ° a vy
ieUszananalureuiimed lasvinisdnnsaunasduundiarlaslddoyasnnszuiunis
\Fauslazandn Convolutional neural network (CNN) #daa nmsUszanana@saduavas
| o as - o o <
samsvirnuludilalasreulnsaeesiauauiidounszaiy (Feeder and Tray lift) 1ive
P v % X g v o P v ]
wWasuyndeaouuarenansesyndeasuiulinediugnenadounseany degldfasnisiiv
£ A 1 o Q:f L7 v ﬁ‘ s/ .
doyadu q annsadsmdsludilulasreulnsaaosiviniupuyaideusandesdecnu (2 Axis
Camera) TUgssiumianisaansasiadunimuuyadodsy wansudenlaazunsuvadassamls

lagun 3.1 uamaudenlnezunsuvedlusunsuldnegui 3.2

Camera l | Program L Microcontroller Feeder and Tray lift |

.‘ 2 Axis Camera

JUT 3.1 vdenlaezunsuvntssuusaswuudeaauLuusae
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Program
Front-end Back-end

Template
Image Processing — Camera
P Crop Image
Graphical
L 8 Classify Result A
" Interface A Convolutional Neural
P ) o - Network Classifier

| Camera Coordinate, Control Order
Microcontroller

Camera Coordinate

5UM 3.2 vienlaerunsuveslusunsy

NISNNUVBITTUUTINAZ L UL BB USRUBLUUE A ludRanunsauUsdIung
sonuwuullu 5 dufe

1. gaidpusiindesansunuuazlusunsupunu

2. indaaAsuradeaouuasiusunsumunu

3. TWsunsuUszaananIn

4. TUSUNTNTMUNFILAUAIINTLUIUNTITUUAYIATILUY CNN

5. WsknsuduseUsganunsiiniugle (Graphical User Interface : GUI)

Famseanuuunmsviaulusdasdiulsenaudoeendus wazaninuasas

aunsnasunelnuavidunsail

3.1.1 N1390NUUUYALADUAINADIADINULATYINAWITAIUAN
3.1.1.1 laseadng
v d v v = v v & a =
nseenuuulATIEINYAdeuiIndeaawny dlasafadnidusgiifleulys

Ind Tngswaziden warisnisusenavnanadusausasiolusl

1. ﬂﬁ‘ﬁﬂiﬂﬂ@gﬁtﬁﬂﬂﬂﬂﬂﬁ (Aluminum Profile) Taeireaiiidealusing s

U

v 1

AN 400 mm WuAueN7 Fundannuen 350 mm Wusuning wastiuiidainuem 450
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mm Wuuings udildaneglidenduiidnegllilenlusiwdlifafuius nasadedoves

lassain dnvauznmstulanegiidedlusiwdifisuiuieenuuulifenmi 3.3

A7

450 mm

400 M

U7 3.3 dnwaznstulassegitlenlusivdnesnuuull

2. myszneveunsalyadeundeseunuaiauiluswiunu X e wienss (inear

tube) Aithuu3sgnndisnss (linear ball bearing) aduidnluvsansuvisvevioBaudu wdnimn

(7 v
o A a |

AadsiuBudiu X Carriage Tnelidudiu X Carriage @NATEUAUMUTIGNNGINTIVINEDY Uay

8
o a ]

UBudiu XY Joiner Y1AARINUNDATINUSIUUANSNIADIT 190 DTEY SNuaIEN1TasIs

gunsalyadeundesaeunuadouiluwuiuny X iWeuduitesnuuulifnwi 3.4

i

UM 3.4 nmsusznaugunsalyadeudindesassununiounluuuiunuy X foeniuuld

3. msUsznavgunsalyadoundesaamnuad auiluwwn Y lneduwann 59
(inear shaft) Minwuisgnndsmssaandnluvaeunis udrndnsaudriulassealifeulusivg
wiumisdiuvugavedlassogiiflonlusivg Iagld3udiu ¥ Shaft Clamp @usadawan

asaiulassegiidenlusivdidimedu dnvausnisfndamainss (inear shaft) Tuwwaunu Y
WARNFININA 3.5
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= ' - v <
U 3.5 msUsznavgUnsalymideundosaeaumapdouiuinunu Y

= v ol o a
4. msyagUnsalymideundeaeunundeuiiluiuain X uae Y lasndudau XY
2 | 1Y) I3 = o a a
Joiner 'V]U'i&a"ﬂ'?]‘Uﬂ‘Uﬂ‘UﬂsmﬂﬁﬁLﬂaauw‘luLLufJLLﬂu X lna’lllﬂia'ULLU'iQQﬂﬂﬁ'ﬂ IULLUQLLF{N Y
' w & ° a Y] % [ 4! o
FAUNUTUAIU XY Clamp NILUULAUINUNIEADIATU aﬂUmEﬂ‘]i?ﬂﬁJ@qUﬂiﬁﬁ‘q&]LaE]Uﬂaﬁ‘ﬂaa\j

= Y =
LLHULﬂﬂaumULLu'JLLﬂU XuagyY ﬂ\‘lEUVI 3.6

= o L3 o - i
UM 3.6 dnwuznsTIngUnsalyadoung asEeunAR DU AL X Uag Y

5. Tudumsianstiudau der uaziaine vowryadiaundewaunulngtigniu

3/
s

AavILIALEN (small ball bearing) uARRadNTUTUAI Idler IMNWITUE Idler 1Fnd

@

DY, a = ea o 1 a A <
ihdulassegililealusiwdimumisuugeavedlassogiiilealusivg dwguil 3.7

v

S - G
JUN 3.7 MIAaRueEU dler

2/

PMNTUENTUAIUNBWRS U ARFRUTIAUTUAIY XY uawesantuiiluRadaiulase

ogiilonTusing fegui 3.8
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e i AR

- a & <
'E‘U‘V] 3.8 MINAsLLEDT

6. NMIRRRsEWIY ey 2 W@uruawinnu IngldUatsanewuduusniaiu

Fudiu X Carriage davugng drulargdnaudaiuiudiu X Carriage Hea19v1 wagld
[ a8 R e . V] %) | a Vv o= @ e

Uaneaemudunassiniutudiu X Carriage H4a719918 drutatednaudatiuiudiu X

. y > A
Carriage Bleuuvd fagun 3.9

JUM 3.9 msbanewiuiuiiuau X Carriage

NnHuhnMsNsumdsneul g UNsHl uartudIuaY Wsuiufioanwuy

v 9 o Y a
1'3 ANFNEHEUEN LLﬁmmgU‘m 3.10

JUT 3.10 Mmyneiumdsaneniusugunsal wagtuaiusng q feanwuul’
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3.1.1.2 nMs\deusenns
N1388NKLUUNITAIVANASINUYBIYALEBURINEDsaDs LN uTgUnsaifie
Arduino Mega 2560 A4988 Stepper Driver Endstop switch Wag Stepping Motor 1aens
muAuYaLapufndaansinuarly Ad988 Stepper Driver uay Stepping Motor e 2
10 Fsazuvaduyn A wazyn B uarldany Endstop switch 2 fluszuuisanFuduvesyn
deusindesdasuny %aasﬁwwumEndstop switch 2 Ay Endstop switchA ez Endstop
switchB Tnes1eaziBonRuidousaves AG988 Stepper Driver LLamqﬁ'ﬁgUﬁ' 3.10 uag

= o | ' . ) =
TuaziduaRuaNsaued Endstop switch Lanesagui 3.11

VMOT
GND
2B

2A

1A

1B

] VDD

] GND

gﬂﬁ 3.11 Meandunvoudousares AG988 Stepper Driver [12]

mng‘uﬁ 3.11 {usewaziBunriinvesteadousouas AG988 Stepper Driver
Fansideusioviudazunves AG988 Stepper Driver il

1. \Jousefiu STEP uay DIR ves A4988 Stepper Driver WAAURY 6 WAz 5 109
Arduino anuaeAU

2. \doudefu 1B 1A 2A uax 2B vy A4988 Stepper Driver Wnivaneit 123
Wwae 4 Uad Stepping Motor AR

3. \Houslaiiu RESET uay SLEEP ves A4988 Stepper Driver Wndneiu

4. Fewraiiu 5V vee Arduino WUt VCC vee AG988 Stepper Driver

5. dduiuuszaunn 100 pF Faudeviuan uwaraiauddufiu VMOT uas
GND w84 A4988 Stepper Driver AiNua 19U

6. Weunelidse +12v Wifuiiu VMOT ves A4988 Stepper Driver

7. Weurans1o GND w1 Arduino uay GND eslvlidsadniuwesn power

GND
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msﬁawia Arduino A4988 Stepper Driver wag Stepping Motor 4 A Wend

Flaguit 3.12

gﬂﬁ 3.12 madleuresesing Arduino A4988 Stepper Driver uag Stepping Motor A A

s

\Teudofiu STEP ua DIR a3 A4988 Stepper Driver WAUAY 6 Wag 5 199
Arduino MRy

Weusofiu 18 1A 2A uay 28 ¥oe AG988 Stepper Driver Wfuateit 12 3
WAy 4 Ua3 Stepping Motor MIEIAU

\Yourofu RESET uay SLEEP wp1 A4988 Stepper Driver {19y
\Wouslau 5V w3 Arduino Uiy VCC w83 A498S Stepper Driver
hffiuusyauune 100 pF Wenseuiuan wasynauidiAuiu VMOT uas
GND ¥®4 A4988 Stepper Driver Aua10U

WeureliAss +12v Wrifuiu VMOT ves A4988 Stepper Driver
\Wousens 171! GND w83 Arduino waw GND weslwidsadfuwesn power
GND

nsideusie Arduino AG988 Stepper Driver Wy Stepping Motor f B Wan4

ﬁagﬂﬁ 3.13



40

-----
.....

-----
.....

v .

..

sewe ! B
O

b Tree

. 34 1 KRR

g‘d‘ffi 3,14 MwaziBunvendousiavas Endstop switch [13]

13U 3.14 WuswasiBenvinvesiuideusoves Endstop switch dan1s
\Fourevuwarawes Endstop switch #ai
1. Wease pin COM v81 Endstop switchA waw Endstop switchB 11U pin 22
WAy 23 189 Arduino MNEIAU

2. Wawse N3 GND v83 Arduino Wunesn GND v Endstop switch

3.1.1.3 wavdwrsniuay
druveslusunsumuaumshauvedlilasroulnsames Fefanunisineu
vaynidumindasassunulsenaudy Waknsudouindesaomnudunisiurmumis
Uanemadumluiiie X uaz Y iileideuiunisiandedludshumisiuuasuadiide
Yaqtu Tngadunedeguil 3.14 uaslusunsussrnuiuresynideusindosaosunudunis
ihindesndulufumiiuiuresnsyinny uassmungatudushumis (00 a5uneds

Ut 3.15
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Include library.
Define parameters
and function.

y

Receive the X
and Y Position
from GUI, Xh Yh

X=Xh-Xt
Y=Yh-Yt
A=507(X+Y)
B=50"(X-Y)

r\’es

StatusA is HIGH.
Stepping motor A drives
in clockwise direction.

3

I

StatusA is LOW.
Stepping motor A drives
in counterclockwise direction.

|

rYe S

StatusB is HIGH.
Stepping motor B drives
in clockwise direction.

3

StatusA is LOW.
Stepping motor A drives
in counterclockwise direction.

Stepping motor A drives

with A Step in StatusA direction
and Stepping motor B drives
with B Step in StatusB direction

A

Stop Stepping motor
AandB

Y

Define :
Xtis value of Xh
Yt is value of Yh

3.15 H991UNNSYNIUYEUSNTUEDUAINADIADILNY

SUT
Y
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= o 5 a &/ o o I - v
ﬂ']ﬂE'IJ‘VI 3.15 ﬂ'i‘i‘VlW\TWU’U@QEJIﬂEﬂ@UIﬂSaLﬂ@itiﬂiﬁ]u%’}ﬂﬂﬁﬂﬁ‘lﬁﬂﬂﬂ?ﬁﬂﬁﬂ')LilIGTU

¢ a 9 -
U aQ‘LlJIFﬁﬂ E]iﬂﬂia Lga7 Iﬂf_li"lﬂagl@?JWLLaﬂQﬂQGnTN'ﬂ 51

f157991 3.1 MuusaSuduveslulasraulnsalans

A 0

B 0

X 0

¥ 0

b 0
Yh 0

Xr 0

Y; 0
StatusA 0
StatusB 0
i 0

j 0

uwirimuailsrtunsvieuvesewessai 1 TaeldRnds int stepPinl = 6 waw int
dirPin1 = 5 Wumsfvuamsdeusafiu STEP uay DIR 81 Ad988 Stepper Driver 1aft 1141
Aufiu 6 wag 5 9 Arduino fvuailaidumsvimuwesewesdaft 2 Taeldand int steppin2 = 8
ua int dirPin2 = 7 Wumssmnamsideusieiu STEP uax DIR vas A4988 Stepper Driver 6l

2 AU 8 wag 7 989 Arduino
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& & s 10 1 o v - s 14 [ a o
nuulilareulnsaesazsuAwlaes ssmsdeusndsaduiiia X
wazRin Y 91 GUI Ineriu Serial port Feamnuainaduliluduls X, wag ¥, suddiv uay

° ! 2/ l:ll l:! o o
i X, uay ¥, Tidneunsil 3.1 uazaumsit 3.2 muainu

X=X,-X 1)

t

Y=Y -7 52

t
P =1 L3 2 - P o |3
NUNITN 3.1 Lag 3.2 LUUﬂ’ITW]L']ﬂLG]Eﬁﬂ’TSLﬂaE)‘I.JV]"UEN‘QWLaBUWJﬂﬂﬂﬂﬂ@ﬁLLﬂu%’]ﬂ

svladuludswumddul wazinan X way Y lUWnaumsi 3.3 wazaumsi 3.4 anugisiu

A=50(X +7) (3.3)

B=50(X-Y)
NN 3.3 Uaz 3.4 TUNINATINM TN UUBMEWaI WAy IAAMENN1T NS

(3.4)

inuvesyaidousindesasunu lag 50 Wuaiiviibimsviuweweineivisaesieglumize

Lar) mﬁliL{‘JUﬁWﬁNﬁﬂﬁﬂﬂquﬂaﬂﬂ

PMNUUATIAAUIILUS 4 TAmndn 0 vialy duduaezivualvainds

StatusA 10U HIGH dllufinaziuuslidiuys StatusA 10U LOW waznsiad@ouingnuys

B {31 0 w3eld andusdeazamualidiuds StatusB 18y HIGH dnduiiiaay
Amunliiinds StatusB 1y LOW udhlulasaoulnsalaefasdeliuoinesi 1 vine
Tagnsfimuansvinauaes diPinl Mefuds StatusA Fadunisimuafienisnisvu
yosuLnesmIfl 1 ffuus StatusA 1u HIGH agviluamadiad 1 viululufievnennm
\uuniin1 wazdiauys StatusA 1y LOW agvinliuawmediad 1 vululufienamuds

WA wazivuanisvineuees stepPint 1 HIGH Wuian 500 ps udarvuadu Low

Wuan 500 ps Wusiuiu 4 seu wazdalviuewasimi 2 vinau Inenmsimuanisvinau

]
=

¥89 dirPin2 AaeuUs StatusB Fadunsivuafianianisvyuaetamaiig 2 416
wUs StatusB 10u HIGH avvilvinewesaaf 2 nyullufieniesmudundng uazdiauls
StatusB 1Uu LOW azvinluaineasaai 2 vyululufianmamauduuniing wagimvunnis

191494 stepPin2 1Uu HIGH 1utian 500 uS warrvualu LOW WWuiian 500 ps

I B 50U yihlvindesafeunludaiumiangliaudeants udisewmeiniaessgn
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i wagalufus X, uae ¥, asgninuliludiuds X, uae ¥, Jermngnifiulududsng

Include library.
Define parameters
and function.

aosnpdumiitagturessiindes

h 4

Receive signal from

endstop switchX and

signal from endstop
switchY endstopX endstop

Camera is moved in right

endstopX isn't pressed
and down direction.

or endstopY isn't pressed

No

Camera is moved in A

endstopX isn't pressed
right direction.

or endstopY is pressed.

Yes-»

No

Camera is moved in

endstopX is pressed
down direction.

or endstopY isn't pressed

Y

No

endstopX is pressed
or endstopY is pressed.

Yes
Y

Stop move camera.

Move camera with (9,10)
position.

¥

Define Xh and Yhis 0.

JUN 3.16 feunsinuveddusinsuaimicuauremaidauiindedaunu
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1N3UT 3.16 myiheuedilrsrauivsaeesFuiumnnstmuadiruaA Gy
vaslulasnoulnsalasd lnengezBonuansiamsnd 3.1 uagiwuanmsyinauves Endstop
switch TdpasafuRy 22 uaz 23 vee Arduino TngldFnds #define endstopY 22 uaz #define
endstopX 23 Wi RTAABUT endstopX Wz endstopY gnnavisalal 61 endstopX waz endstopY
lignna llrsreulvsalaesazdiiiyndoundoaosunuidsundosamiluiianied s - 91 6
endstopX lignnm usi endstop gnne lalasreulnsaimesasddiyaideundawenuidoundes
Tufimmernile &1 endstopX gnnm wit endstopy liignnn lalasrevlnsaiaesavddiyaideundes
apaunudeundadlufirmeasan uaziile endstopX WAy endstopY gnnA YaEpUNADsABNNAY
ngavivu mnduliyaidoundesaoaunuidoundosiaedum (9,10 uazfmualisumis

UagiuduiumiaZadu 00)

3.1.2 mM3senuvulAsaAsuyadasounazyariduiinugy
3.1.2.1 laseadn
mseenuuueiealdsuyndeaeuiunsdaifulasaieymdouindasans
unu Taguseneufeyasnninsesdeany waryaildsuyadeday lnesazdon uazisnis
Usgnauuanadudisudweluil
1. myUszneuienmasestaaey neuvisegiidenlusludem 200 mm o

ganuwisegilienluslngen 300 mm Avnveuisaasnuluszes 5 cm Fadalagann

ogiliilen maUseneuienmasestadaULARIFUT 3.17

d},m_ iy i - .___."___‘_Aw,.i. I

+ it e

NI Z N

U7 3.17 miUszneudenannsestedey

2. miUsznaunnsesdaneu laedunuerAdangunssdvasumn 2 1adwns aun
30x21 \UANT 1 WH Y11A 3010 lWURRT 1 W Uagaun 15x10 WwuRims 2 wiu laed

WHLBEARE NNUTENBUNNATEUDABULARIRIFUN 3.18
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T

5UN 3.18 MsUsenaunnsestadsy

3. thmnsesiedeuindaiumennnsesiedeunandfiaguil 3.19

e : —

o
=+

GI . ‘ =4 £ s a L2
'E‘U‘W 3.19 N139ANIATANVDFDUNUNILNOATBIU DU

2 [
o ) -

o =) qy & o - v e - ]
3. WUT9gNNaansa (linear ball bearing) NeutWaInIt LAIUIUIRAAINUIUAIY
Z Carriage Inglli¥udau Z Carriage aumsouiuuuisgnnamseniauniany wazuon vin

ANWULUNIADILYI ms‘disﬂamwmmsuﬂmﬁagﬂﬁ 3.20

: E: T ey
U7 3.20 n13UsEnaUWaTINTS

3. nTudIu Z Motor 1@y Stepping Motor wiaudnalgang uazuen A3

Usznau Z Motor uansnazuit 3.21
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i
[
*

gﬂw 3.21 n1sUsznau Z Motor

o a < 1) . a & o a a ¢
4. dnBudru Z Motor @iy Stepping Motor :n@ansiulassegiiiienlusivg

o <t 1 . & < o ot | v
UIIUNINANTENIN Steppmg Motor VNﬁ@ﬂﬂﬂ’)UF’]hﬂﬁlﬂﬂ’]iVlN']H‘UENﬁ?Lﬁ@Uﬂﬁ@QﬂEN

v = v o cqv 1 - a‘:v s q} =
LNUNIBUEANIEANT WALUDA UNTYUAIU Z Shaft Clamp U1AAAINUNAIASINUIINUAY

[
a o s

YpuNImsIIaRInTaudasisang wazuen Mntuiluisnsiulaseglidenlusing Tae

AndslivineainBudiu Z Motor iluszeg 100 mm wazimengiusesndeasulufinns

2
= 1

TUTUAIU Z Shaft Clamp dnuMENI5ANAITUAIY Z Motor Z Shaft Clamp wazgIuses

TOHDULARIAITUN 3.22

1

B

4]

badeel

111

Lt I. l

UM 3.22 Snwagn sianaiugiu Z Motor Z Shaft Clamp wavgiusestodau

5. 11 Coupling BAwNUMUY8Y Stepping Motor AUYn Lead screw udniiiudin Z
nut mount &y Copper nut lead wavdindumenguseateaay diulaereBnau
909 Lead screw Bafulastegiiilenlusing lnegld Z Endstop nmshnes yaLead screw

LLamﬁagUﬁ 3,23
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‘gﬂﬁ 3.23 MsAnAYA Lead screw

6. WiupzARANFUNTIEWREIMN 3 TaBIINT YA 30x30 LWURALIMT 2 WY

3.1.2.2 nsifousorsas
A1598NLUVNTTAIVANMTIIILTBUAT B aLUALugATeaauTgUnsaife
Arduino Mega 2560 A4988 Stepper Driver Endstop switch Ultrasonics Sensor module uag
Stepping Motor lngn13auANYnenaInsesyndaaauayly Ad988 Stepper Driver uaz
Stepping Motor 199114 Endstop switch 'luﬁqﬁﬁ'ulﬁaummaafqﬂ‘ﬁ DaUad Lﬁa’lﬁsﬂﬁmu’ld@m
tomoulunnsesyateasy wayld Ultrasonics Sensor module Tuilsiduidougusasyndaneu
Jumihiideugiusesadoaeuiy Tngliiyndomouynuugaoglusumisiiannionsiady

€

warsaskuutadauls wasisieaziden LLaxﬁumauﬂﬂ'sL%amw'aqﬂn'mmﬁ

3119199 3.13 JusieanBuavdavestendousaves AG98S Stepper
Driver @an1siiouseviuiaz1ves AG988 Stepper Driver ot
8. \Jourefiu STEP uaz DIR ¥4 A4988 Stepper Driver Wafufiu 13 uay 12
984 Arduino ANUETGTY
9. Wausafiu 1B 1A 2A uaz 2B 289 AG988 Stepper Driver Wifuaned 12 3
wag 4 a3 Stepping Motor ANAINU
10. Wousefiu RESET waw SLEEP 409 AG988 Stepper Driver Wiy

11. WeusoRu 5V w83 Arduino WUy VCC was AG988 Stepper Driver
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12, YiFufuUseguun 100 pF Wonsev1uan waranauidifufiu VMOT uaz
GND ¥4 A4988 Stepper Driver f3d s u

13, Fouselrides +12V Uiy VMOT ves A4988 Stepper Driver

14, Wousans it GND 984 Arduino uaw GND vaslWidsadiunesn power
GND

NN 3.17 way 3.18 fnsidouseviusazuives Ultrasonics Sensor module
wag Endstop switch il
3. \@ouse pin Trig wae Echo w83 Ultrasonics Sensor module 1Ay pin 25
WAy 26 194 Arduino sMUAIAU
4. \Weusla pin COM w84 Endstop switch 117U pin 24 w83 Arduino
5. Weusie pin 5V 489 Arduino afunasa VCC 9 Ultrasonics Sensor
module
6. \Wousia n3171 GND 183 Arduino Wnfuwasn GND weas Ultrasonics Sensor

module WLag Endstop switch

a ' v o o
ﬂ’lih’U’e]iJG]E]’N'ili‘UEN‘i!ﬂﬂﬂﬂ?ﬂi@\‘l‘lgﬂ‘ﬂﬂﬁBULLHWQWQEUW 3.24

'E‘U‘ﬁ 3,24 fpg 19N oNRANETEWING Arduino AG988 Stepper Driver Stepping motor

Ultrasonics Sensor module waig Endstop switch
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nsreaelwlugunsalszning Arduino IC L298N way DC motor s1agidengas

\Housouns IC L298N LLamﬁi’qgﬂﬁ 3.25

AT 3.14 Snsieusiovusiazanues Arduino IC L298N uag DC motor &)
1. Wouse pin 6 ENA 5 IN1 waw 7 IN2 284 IC L298N iU pin 2 3 uay 4 09

Arduino fUERU

\ausa pin 2 OUTL waz 3 OUT2 984 IC L298N 1§u DC motor

\Wowste pin 5V 183 Arduino Wafuwesm 9 VSS 401 1C L298N

WousislviEss 12 V idniuness 4 VS vad IC L298N

LI S S

\Wousa N3l GND w81 Arduino Wunasa 1 CSA 8 GND a4 IC L298N

UM 3.25 fegunsieusieanesenin Arduino IC L298N ag DC motor

3.1.2.3 FaNALITAIUAY

duvedlusunsumununisyianuveslulasreulnsames dedsemnisiany
vasyaEnemseedadaUUsEnousiiy Huitudounasesedoreuaniumsidougusenm
Yoaouauielsifliruigenssauineuldaduguseosmadoaey fnumsvhauvesileity
GeumpsewyatieapuateB U 326 Hvidudeumnsamadereutudunadounasess
Jomouiu weliyndeseurauugneglusumisindemnenunmuu fmmsinmesitsddy
Gounmsomdareuiussunedeuil 327 uesiliduuRsuyedeneulredeuyatereuyauugn
senangusenyrdeAeuiiosesiunsailuyadely MsrumsvihnmesilriduSouyedoaoy

afuenagun 3.26
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Start

Include library.
Define parameters and
fucntions.

o1 Stepping motor
moves the tray down.

Stepping motor
stops the tray.

End

SU 3.26 fanmumaihnuesiidudeugusesedoaouas

13U 3.26 Mavhamesilsidudeugiusesyadeasuasisduanmsimund
w5 fmuanisldanu Stepping Motor Taeldiénda int stepPin3 = 13 ua int dirPin3 = 12
Hunsimuansdeusiefu STEP uaz DIR w1 AG988 Stepper Driver WUty 13 uas 12
9949 Arduino  AMUANI5¥191ue8s Endstop switch fufiu 24 wae Arduino TaeldAnds
#define endstopZ 24 wazAmuAn151g91U Ultrasonics Sensor module f@ trigPin way
echoPin Uiy 25 uag 26 w81 Arduino TaeldFda int trigPin = 25 waw echoPin = 26

MnunTIRdeUMITIIUYes Endstop switch Jgnnem3elil €1 Endstop switch €9
lignnm asvil# Stepping Motor wyualfuiirmuduuniinuitelfyasngiusesyadeasy
\AouTias LLawqmmuﬁag’mmwwﬁ'aﬂauLﬁauaqmwﬂm Endstop switch kaneingIusesyn

Todeundiouiaundsszeznnan uasnioulvlnuldyadoasvatliiigusemadoasy
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Start

Include library.
Define parameters and
fucntions.

4

Receive distance values
between camera and
e top of answer sheet in the tray
from ultrasonics sensor
Jdistance

No

distance > 16.9

Stepping motor Stepping motor
moves the tray up. stops the tray.
End

JUM 327 fanumahavesilitudoususesyndeaoutiu

MNgUT 327 mavheumesilaifuidougusemedoseuiududuannshaures
lulasrerlnsataesindlauss iy tneldrds #include <Stepper.h> dielianusald
ﬁwé’%ﬁmﬁmﬁamuau Stepping Motor MyuAAIEAILUIHINY ATUUAAT stepsinRev = 200;
fio Step wavtualu 1 saun Ty ulagAIUININYT 360° UIMI5AI8AT Step Angle VB4
Stepping Motor 21nan5197t 3.15 Faflanu 1.8° fwunsauls stepsinRev WAy 200
Avuafakus num_of_step TsAdu 1 fvua pin dmsumumu Stepping Motor Taeld
Ad Stepper myStepper1 (stepsinRev, 9, 10, 11, 12); A1vuUA pin 115Un15t991u
Ultrasonics Sensor module fie trigPin 1lu 25 uay echoPin \u 26 udimusnaaudinig

viuligunsnisngg deindsiaunazussgbinelaleidu setup()
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nniuTuAsseeneseriateaeulugusemateasuyauuEn fuUlirasonics

Sensor module iAnagfiuanaas wulilusuys distance wamsaaaauingauls distance i

v
'

ANNINNTT 16.9 UTokl T9A1 16.9 WUsEesIndadnsadu LazsmAzLuLTodou ey
distance NN 16.9 uanvirgadaaeulugrusesyadedsuyauugneglusseziisinga
a v ) 0 v . 2 a < a P v
wEETINAeInTI9du Wil Stepping Motor wiyuaiAuirmudauinuiieligaang usosn
o i oS5 - £ P o °c q Vaw 2 |
Todeundouivu degnsewndedouindauntuaziiliiaus distance Hranas uazazngn

iiawls distance Ay 16.9 uanvigadessulugiusesadoaougauudnoglusveziindos

( Start ’

Include library.
Define parameters and
fucntions.

A5V WATWS DUTILALIULYDEDU

b

Stepping motor
moves the tray up
with 20 steps.

h

DC motor drives and
feed the top of
answer sheet out.

b
( Start )

UM 328 danumevinuvesuaguystaaeu

NFUN 3.28 N15I1UvDIN A TuUA s ug At aa0uLT NALIINNITYI 1LY
Lulmsreulnsataesimua pin dmsuaruru DC Motor As pwm 1u 2 dmun in_1 10w 3 uay
faum in_2 0 4 Awuadaus var2 Wiliadu uee paper WillAndu 1 wdaiwusmaesdims

vimdligunsaleineg Besindsismnazussyinmelditeidu setup)
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il Stepping Motor viyuly 20 awifissmudanniiniebigaengusewndodeu
ﬂ' &c’; 1 at W WV v A = ./
wdpunduluszesinuarimnvesyadesou 1 ga udlk DC Motor wyuiieRwyndoseuyn

ULgnaN
3.1.3 150Nk UUlUTHNTUUSEUIaHaN N

A1seRNLUULUSHATHUSEINaNan waNsawUan159119ule 2 Handuuay

AU15085 U8 TURBUYINUlaR 9Tl
3.1.3.1 Hendudansausilay

HandudansauitavsssdinsandygnasuniumelunmmwiazUsunidamuesnn
NNNABAUYU NTEAYAIMDULDEN AUBINTLAUAWIBU NINTINABUATIGNABIVBINTZAM WA RBY
sy f?'iqﬂixmumiﬁﬂmwaﬂﬂiLLn'iummma%mﬂ‘lﬁﬁ'gEJLLNuﬁamﬁﬁ’N’luﬁagUﬁ 3,29 &
anusoaiunsiueaslsunsuansaes U laad

1. TUswNIuAETUAINAINNADY (image) NINFULUL (template) WAz
AN mIUsinnIauteInIanAziuL (coordinates for crop)

2. TWsunsuaziSunsandvasunmainndas Tnonslsouiiounmainndosiu
AINAULUY (template match image) M1nAINAINNABIRSINUANAULUUTUSUATUREH
NTOULFIAANIWIINNEDIMSITUAMAULUY (draw the matching frame) 15ﬁ’qgﬂﬁ 3.30
WAZMINNINIINNABI LATINUANAULUUTUTWNTUIBWARITBAIIN “Not match” wamduy

oM nuanalanIgun 3.31 wasnaulusunmimininndas



> Get images,template,
coordinates for crop

Not match

Not Match Template match image

Match

Draw the matching frame

Rotate and crop the frame
according to the template

Crop image according to
coordinates and convert
RGB to Grayscale

v

Bilateral filter

I

Thresholding

Find contours in image

Crop image only
contour and resize
image

end

d L o o u U
E"LJVI 3.29 WNURINSYuaBsilendudnnsoumay

‘ 'tiemplate

compare l

n‘ dl 2 a LY
E'U'ﬂ 3.30 wavaslusunsuiionInainngd BNAIINUNTWAULLUU

55
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o P 1 ) Y
U7 3.31 waveslusunsudiianmainndsdlinsatunmdunuy

3. WsunsuazthamitldidgnszuiunsudlumuiBesuasdnnsouiansdau
< @ B
MndlaununInAULUY (Rotate and crop the frame according to the template) fiqg

o [y e
NFEUIUMS NSWUANLBITBININ LanHanTIulafsgu 3.32

-8

3UN 3.32 naveenszuIunIs perspective transform

4. Wsunsuazannsauvasnsanaziuulagldnindmsusansau (coordinates

for crop) uagwUasniwainawd (RGB) unmanam (Grayscale) lﬁﬁ’qgﬂﬁ 353
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ol o | o
JU7 3.33 navaensdiansoudainsonmziuulazuuasdn miunimu1imi (Grayscale)

° P 9 ' [
5. Wswnsuagthnmigndnnseutasnsenazuuuuddng Bilateral filter Tne
AMUARITUIAYBIRINTBY A1 sigma color WAz A1 sigma space LTSy IMUTUNIY
v A
melunmilgdagui 3.34

gﬂﬁ 3.34 mwué‘wml,ﬁ']?j Bilateral filter

a @ 3 [ . -l F
6. NINVIHIUAINTDILAIVLLUIFNTLUIUNTT Thresholding 1WoAS19AY
wanA1esenIteiundsnudiiaeliundu Taadinuna Threshold Tnennniiuen
Threshold WnwaduvzgnUNUmY 0 uLagmnaindvzgnunuiie 1 daduagldnadnwsiiy

AWUNITUERSIARIFUA 3.35
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SUl 3.35 21mmAIN9nsEUIUNT Thresholding

7. ¥89911N13%11 Thresholding N1wazid1dn1s Find contours 1ng3 Moor
; & aad v ve & o & i
Neighboor tUuAsAgeTwn1saunum contours 15131 Fadunseuiunismanuuaneig

= @ P o [} 4 = " 4 = o [J I
EONIRISIG] LLaSUUVIﬂG’]']LLW’!N'V]Lﬂﬂﬂ'l’]ﬂ.lLLGmﬁl"lxﬁS‘Vl'}'N‘WﬂL‘dﬁWWIﬁﬁ?ﬂJ’]'ﬁﬂ'ﬁSUﬂ"]LL‘WIN‘U@G

= o L] 1 o 1

o vl a P ) 2 o & v & :J\»Ly @
ﬂjLaEU“LGI WB9NUSNIULUUA AU UUEYILEE N UV UL TUEAT Wazl1A1sILrUantauIAR

s

) =) PRy - & 1 _ o I aw &
ATDULRANWIEAILAY %QaquqiﬂLLaﬂQNalﬂﬂﬂgﬂﬂ 3.36 LAZUUNNATATLALINNALINANY

contours

UM 3.36 NMmERINN15 Find contours
8. Usuvuanwliilauinvindu 48 x 48 fina Wiviiuduneignimuunly
E 4

’luiﬂmﬂm{hLLum“hLﬁ*‘uﬁwﬂismuﬂﬁt,‘%'auﬁ’l.t.asamﬁwLLUU CNN tHeauRanduayle

3 & al Y] = | Y
L’E]']G]ﬂm%UUﬂ']WlUU'TTUUFIW 48 x 48 WazWAALIAYINY contours UB9LAaLAILAY

3.1.3.1 WanduaauAUszaman

= s

aidudrduasedndniluilsiduiiguasesmdnvesiaalaeSssain

i
o o o =

A s@euiiia lnaduilsdunsuaIn e TudANSoUR LAY F9@1UNSOLENINTS

vianlarusudadsgui 3.37
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| Start ’

¥

Get images,
coordinates(x,y)
from first contours

Sort by x

Predictive function in
Convolution neural network Classifier

r

Multiply place Value
and summation

Result of summation

End

UM 3.37 unuamsvihauvesilanduaduauszdman

@/

mn‘gﬂﬁ 3.37 anunsnansunsvieueedusunsuaunsaesueldded

1. funmaniladdusianseuiauuazAmuaLsninunouring

g, ﬁq%’agaﬁwmeiqﬁwmauﬁa%mL‘%'aaﬁ']ﬁumﬁﬁ’ﬂ x oS sniaglvann wang
16ieguii 3.38

sl7jodijolslt]e

(71,47) (100,48)  (118,49) (150,46) (165,49) (189,50}  (225,50) (246,52)

U 3.38 Han1SEIEAUIINATRAR X
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3, ﬂwmwﬁlﬁv’ﬁnaﬁﬂmﬂmﬁwLLuﬂﬁaLa‘umﬂmaﬁaﬁaEJ convolution neural

8 (3 ot 1 5 I = 1 a =
network gldtedinmdusiilugasiaud 0 fa 9 Mnusazan waaslidiagui 3.39

51700 Jo s

5 7 0 1 0 & 1 6
U 3.39 Hamsduundiarainaneile

ar = [ 2/ J s 3 Aa o as 1
3. VIEN?]"]ﬂNﬁﬂT‘iL'iEN'i]SV]']IVWI'ﬂUE]’]U']UC‘]’JLﬁ‘lf‘ﬂ\ﬂﬁllﬂ%ll LLﬁSUWl‘UQﬂJﬂ‘UﬂW

o a 1 o L a
Usgdwanlussuuiargiu 10 Tuusaziia uanslisagui 3.40

g B 1 0 & 1 8
x % x

% ® % % %

107 10 10° 10* 10® 102 10' 10"
X j J
¥
57010516

UM 3.40 nsviuludnui 3

4. dwaswilannmsgauarussimanilunamsuunduavluuinadign

aanseuidunisduganisvhau

3.1.4 meganuuulUsinTuTuuNFaTiENsEUIUM ST Ui ILAZAT MUY CNN

TWsunsuduwundiavienseurunisiseuiuazandiuuu ON Wunisdasu
Trssasnmavinaures CNN lagsenuuulinmdunwavedusunsuiivum 48 x 48 finia sy
Wunaiilaid ek miavanediegadesuiu uasnBunneililvgjaushlfmsviammes
LUsunsuantn ﬁmum%’umsmﬂmﬁﬂwmsmmmw (feature extraction) 111U 3 Tu &4

UsgNBUAI8N15Y11 convolution pooling ae Relu activation function #&IRINTUTN
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#laiduaziingmsduun (classification) 9nAaudnwaiu q ludu fullyconnected &eanansa

pfuwARuMIIenlARagUn 3.41

Get images / o

Relu Activation fuction

-

Define welght and Bias

Flatten layer

layer 1
onvolutional fully connected layer |
and Pooling

layer 2 | output
Convolutional —
and Pooling

Faﬁef 3
Convolutional
and Pooling

|

UM 3.41 Svumavinuvesitaidulasseasidueg

N3UT 3.41 Imsvhauluusiazdadudie
1. SunmannilsngusinnsausadalunwluuSuavilvunmyinniu 48 x 48 finwa
2. MUUATIUIUGAINTDININUIVIN TUINVBIAINTDIN1UINTN FIUIUAINN

umiinludu fully connected uazludaluumazduasgnimunnusmuiuvesidasimiin
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3. $uil 1 Haiuaziiansesdaainnindaue convolution TUNWBUNALGLUIN
Aaeludarniusaz@inges mnﬁy’uﬁwmwﬁwmﬁlﬁﬁﬂﬁnszmumi pooling Inaivuma
Pooling size WU 2x2 Way Stride WU 2 [ioanwuInas 2 Wi

a. $ufl 2 wag 3 avfunmaindudounth wasviuRsatuded 3

5. 101AWAY8ITUN 3 921919 Relu activation function Faazyiliiendva

k2
s

Janrzanduuinwintu
F

L4 (3

latten Wun1swasuiifesisdarn 2 Addu 1 95

. LNdYY
U

L91g ¥ fully connected tiladnaudnvagse q 1Wignissiuun

U

6

7
(classification) Fawadwsvastuilaglfidueriisdvunn 1x10

3.1.5 mssenuuulusunsudiuseuszarunsifiniudld

T,‘UsLmimﬁ'aum'aﬂismuniwﬂﬂﬁuﬂﬂuﬂ’ﬁmmwﬁwuﬁ‘ﬁ Jumsdunmanda
ﬂé’awaam‘%auﬂé"au‘qmﬁaaaué’mﬂ’amL%"lfjﬂizmumiﬂixmawamw'lumﬁﬁi"lLLuﬂﬁaLa“u
aedle flfamnsadenisiaudiundiiing Gul lalasannsadenisienldded 1.a0s
muguindes fldaunsamunuindesdeuludiumisidesnsamaiuiiaunieluga
doaeu ielianunsasesiunsliyatoapuguuuuu q 18 2.n5Veugndeaauaanain
wienddvuyadaasy fliaunsadougndeasuaen udmntunsesnduiiavatsiie

Y I v W v ol v
W 3.n13muAuaInTasadeaey gliamnsanivauninsesyndoaauliideuasnivel

ansaldyadegeudiluvluateslfouyndeaouls

onuUUNA GUI Tneiivanun 6 wih wansunufanisvihaueslusunsy
GUI A3 9 Iidaguit 3.42 Sausznaudhe wihenadudu (Start Page) miwihadeusandes
(Move Camera Page) i16i198379n59UR 57990 (Draw Rectangle Page) niidnagiudunig
a1nn3au (Confirm Draw Page) nisnsguduyatoaau (Confirm Answersheet Page) uay
e I93UM e (Detect Page)

Lyihwaduiy Wunihagldawnsadenliinfosnmmnatuiiauviodnn

4

-2

AYpdaU
2. 9tandauindss Wunii GUI Wsusanisyinausulusunsuiiausd

nded fldanansadeusandesludiumusidosnsie
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8/ 1 173 e [ t EJ 2/ A A
3. 4/UINNNFITNNTOUANTIIU L‘U'LI‘VI‘L!'WV]fg:ﬂ‘ﬂﬁ']i.l')iﬂa']ﬂﬂi@UﬁLVlﬁEJ&Jﬂ']EliUﬂ’]W

ANAINADY

E 1 et v o ey @ 1 o ul;,
4. wim1gBudunIsaINnTeu L‘ﬂu‘ﬂu'}“ﬂm’U‘c’JUEJ‘LJ'J’WﬂT‘Sﬂ’]ﬂﬂﬁa‘l.lﬁl'i')ﬁ]"{l‘l,luu

U

v v & v < 4
gnees gldanansanstieliinnsouniandenels

- v < v g va oo o v Y & 4
5. whsnduduyaieasy Wuvihgliduduieyadedeu lnegldaunsadda

9
JIGE
&/ 1 L. T 15 1 = b4 ar o g =
6.wiwinansTudiauluniiaieifliannsonsiadu Swundisvasie
v el o =
auAlulnsmealnsameiteuyndeaauesniiniaios muauansasyadodeulundou

& 4 g vag e ° o v v
Fuuazas iwelidldanusmhyadeaeuldluansesyndaaouls

Go to Detect

Finish Confirm

Answersheet Detect Page
Page

New Answersheet Detect Box Draw

Start Page > MW: Chmar Rectangle
age
Page

Confirm Draw
Page

SUT 3.42 unwdan1svinnueeslusunsy GUI

3.1.5.1 MF9SuAY

[ v o 2 = &\l (] LT YY) 21 A as
untheeigldaunsadeniludmisnmsaiuiia uaswidudeusi

naes lnenglunindasuiuyseneume label “Automatic Scoring Answersheet” W
asdrydnualana. YU “temp” Mlgldidenyadeaauiithunisismainnsaunsiaduiiae
Uu “Go to detect” Lo ludamim19m5233Ud1ua Un “New Answersheet” Liialuds
v = @ [ 1 @ jnss - o v Py =
nRaUmING e wazdy “Exit” 1eaonaInlusunTi wansnmdiaemtinsdlanagud

3.43
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B Label
| Picture

B Button

o o 1 -
JUN 3.43 pwdnasantiehaiusu
t 73 1 A s
3.1.5.2 wishadeusinded
- v 1 g w = v W o o 1 oy
Wunmihssidldanunsomuauyadeudiindesaosunuludshundsifonts
LYY < Y o v ' o v = v oA
annseunsITUiILaY Wesnamildnnfmnassliauisaiuldmyadodey Fafoed
mMsmuAuyaRouiindesasiwny TgusnEulusunsuazdsrnas 5 ldlusunsuniuny
] o W PR = v v i v o = Y
yadauinaes telvigaldeusindeufouindwhuniinanswesninsesadeasy aely
wlsnaUsenaudie label “New Answersheet” label “Please Select” Uy “Detect Box”
r.'i @ 2/ 1 o @ 1 S ” d‘ t% s o [ = @ dI

iWeludamihdnainnseunsaaduiuas Yu “Finish” iielwgldldamireduduiioyn
doaeu Yu “Back” iedounduludmidraiudu nmwaindandos du “Up” “Left”

S L p & degy A o oy oA & v o w & A v
Right” “Down” wadsliyaidoudindendoudu 418 191 uazawmuddu Jufledldne

1 i“ ” 1 1 o d s v d‘ v & a b5
U “Up” TWsunsuagadsrnian 1 ldilusunsunivpuyaiieusiindes dieliyaidousindes
A ¥ ' (- P a E% [l " g 1 '
WWoutiu nadu “Left” Tusunsuavdwrniay 2 wioidoudis nadu “Right” Tsunsuavdann

o o ' | = i °

@Y 3 Wveldauvdn aznalu “Down” Tsunsuavasriay 4 1aiaouas uananwdaes

1 } A
wiansladiegun 3.44
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B Label

Camera

B Button

U 3.44 AAaRIRULEDUMINGRDY

3.1.5.3 MUNRANAINNTOUNTITURILAY

<, ¥ o I @ o [
Wunihdangldamnsaainnssuntslunimaindindes areluniiieig

) ' o o ¥ 1 oA W
Usznaumie label “Please draw rectangle” Uu “Ok” iieludamthandudunisainnsou
@ = Y a \ o @ )
TWsunsuagdinnmuazivdsudndiuvean manduuuinede Ju “Back” edounduludh
} 2 1 d L% v LY ﬂlﬂ L7 1 v 1 - Hfl HI
VUIANLADUAINADY LAZAININNAINEDY NUDASIAIUVDININLDENINTUINDTIASINT
d‘ 4 v e 1 - [ 1 v 1 k. o

Wwesnalgdnsidiuauinaseagvinlladanuisaiuniiansilansu wansniwsans

' Vo o
winanlaRaguR 3.45

B Label
- Picture
- Button

i ° — V = V ; a v
MIRBIMUNELAUAINEDY

450

=b.

U

caf)
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3.1.5.4 B aeguiun1saINnsau

& ¥ 1 o T ol a4 PN 2 ° [
Lmemma}fl"uma@auwmmwmmﬂﬂsaumaaﬂimwQ’L%mmsamwumlm
1 2 . 5 i T | 1 o |
109 neluntinrteusenaumie label “Confirm?” label “Label Box” Yasinedmiudiie
[ | 4=‘u :J s 1 [ = 1 “« »
MwiAeezls nwiAau1INNIsannsaulagazlasusnsdrun i duruingse Uy “Ok

dl = s s L7 v 1 s ] « ” d o o 17 1
Wadudulaznauludminsisainnsaunsiagu wagds “Back” enduludaminsisain

a -] % I 2 ar ﬂi
NSPUATINNY WARINNBBIMTANLARIIUN 3.46

B Label
g Entry

Picture

SUN 3.46 nMdnasamtsinagudunisainnsey

3.1.5.5 mihindududoyadoasy
{ldvosduduinyadeasuiiiunsainnsounsisdufiooylsauiigldanse
fnunldies nglunisinaUseneudie label “Answersheet name” fasinsdmiudsie
yadeaou Ui “Yes” wefudu warly “Back” tonduludmiivinadeusindes uansam

avanteinalanagui 3.47

B Label
e Entry
B Button

JUN 3.47 nmdraewmthenduduteyadedey
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3.1.5.6 MNenTTUMLaY
[ L < v o o s < < 1
Wumbheaigldanunsonsindu Suunduavarsile wWasuyadeasuesnain
- < & < v -
1Ase AvANaInsesyadaaeulunsidouliukaras nswdsuyndeasusanainiaies
[, @ - v
Wsunsuazdedn “0” Tudalusunsutlouyateasu ieldouyateaausan nismuaunn
v B K e ) o W
sesyndosoulusunsuazden “9” Tudilusunsumuauainsesyadeasuiiielvininsosyn
v < & o B ]
redpuIdauTUIUNEANUgNEIelaunseay dedn “8” ludlusunsumivauainsosyn
o 4 9w o < o 6 vin v ° o o v
Tedautitelinnsesyadedauidouas iligldaunsmhyadesouldluansesyadonauls
v = A o dg v d vy v @ [
melunirsiedsgnaume label Miluleyndoaeuifldfdelinds amandandes U
A o o s 1 & 1
“Detect” iaviinsdun@aiavaieiie Yu “Feed Paper” iolUsuyadaaausen U
« — @ w v a v ' y o A 2 & 1
Back” iiienduludamirsraiausiu du “Move Up” iiteideuninsesyadoasuiu UEY
iU ” d o 1 o s Q.
Move Down” t#an1ns0ataasuad lagn13vi91uve i 1ans19dudianisuain
1 d “wen s < o v P 2l s v 4 o =
Wsunsudsrn “5” ludlusunsudeusingos liteidousindeaniidunisinaivesain
v & A S— o = v w A = (Y
sesyptodeu ntulUsunsuazden “7” Tudalusunsudeufindaaiiomousuan
[ AW v P v o r oA !th ! v v ] ' o oA
Mumdsidnaesasdeuluduihuminglilaniliuds Tusunsuasdsmmumisiinn x
uaz y lWlusunsudousindsamuaiu dndesazidouludaiunia x way y ndeean
dulusunsuazanunsonsivduiuariaenisnady “Detect” andld uansnmdans

7 1 L7 d
wiaaladaguil 3.48

Camera

B Button

A o L 74 1 o U
EUV] 3.48 MWANANNAUINNAIIVIUAIAY
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1 a 1)
3.2 W5e9llanldlun1svaasy
= =
3.2.1 dauaseadsugndadou
a = d' [l ) 1 = ='J =l 17
wnsnsilonlglunisnaassuisnanidu 2 d1ufe asesiloniseonuuunsey
v - @ v - -~ °
Usznaulassasiagaidousindosansunu LaEIATDIIaN1TBDNIUUNATAIUANNITYIINI

< v v
VOIYALADUAINADIADILNU

= =4 1 o - o/ 2/
3.1.21 w3l @ﬂ'ﬁ'ﬂElﬂLL'U‘UWi@JJﬂiSﬂ@UIﬂ'i\'iﬁ‘iN‘i{ﬂLﬁﬂUG}'}ﬂﬁ’E}\‘]ﬂB\‘lLLﬂu

o oal

1.) eafidleslusing (Aluminum Profile)

Y

:J = oal L2
5199 3.2 gunsalegilillealusivg

YUIA 97U
450 mm q
400 mm q
350 mm q
300 mm 1
200 mm 2
2) wHUDLAAAN
A5 3.3 gUnsalunuozAAAN
YUIA MUY
30x30 cm 2
30x21 cm 1
30x10 cm 1
15x10 cm 2




3.) anegiliuy uasyAuBnEnTel

< 3 o oa = ]
A1 3.4 QUH?MQWH@QNLHU&J LasYAUDALNTDY

o

aunsnl sUnw U
2negiiiley 28
YATlondnTos 80 YA

4.) @ngwiu
= ¢
A15199 3.5 guUnIalanew
A1UNI 6 mm
GRRHERE 1.8 m
19U 2 1y
fe———200 —=
[ PLD 0.254
( 0.40 [T
' |
|
1.38
!
|
5.) wmamsd (linear shaft)
A15199 3.6 gUNTRLNAINSY (linear shaft)
L
VUINNUINA 8 mm
A1NY17 400 mm

274U 4 W9




6.) nomsd (linear tube)

A3 3.7 gUnsalviensd (linear tube)

70

v af
YUIANUIAA 8 mm
ANNY7 350 mm
AU 4 Wyis
7.) WU39gnNaemsa (linear ball bearing)
A5 3.8 gUNTaluuTIgNasa (linear ball bearing)
v
wusauaanelu 8 mm
usauleneuan 15 mm
AU 8 M

=

8.) anUumauawinian (small ball bearing)

Y

=

15199 3.9 gunsaluLuTIgnnse (linear ball bearing)

Wusaueneluy 4 mm
LWUTAUQNITUDN 8 mm
AUVIUN 5 mm
IIUIU 10 ¢17
9) Yn Lead screw
A5 3.10 aUnsalyn Lead screw
v ot

YUIAAUINA 8 mm
A7INY12 400 mm
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10.) Coupling
37 3.11 gunsal Coupling

wWuseurenelu d1 5 mm
1dusaulenelu d2 8 mm
LusaUI9N18Yen D 15 mm
A2UE17 25 mm

L N

Ll /

iy iniyixfwman ’;,;;;fr;-\

INRARART! y
6l \P_“EJU_ | B \_7?7_// /_‘/;

11.) X Carriage

i

gﬂﬁi 3.49 Fudiu X Carriage

12.) XY Joiner 914U 2 Ty

5UA 3.50 Fudn XY Joiner
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13.) XY Idler 17y 2 3y

R
L4

SUM 3.51 Fudu XY Idler

14.) Z Carriage $1W2u 2 du

‘g‘dﬁ 3.52 Fudiu X Carriage

15.) Z nut mount

. —:—

o « :
f‘, . € ‘_‘ !
. ¢
s, € }

.
R

;S‘Uﬁ 3.53 Yudu Z nut mount

16.) Z Motor

KR
. p— ,ﬁ__"

gﬂﬁ 3.54 udu Z Motor



73

17.) Z Shaft Clamp 3147y 4 Hu

5Uf 3.55 Fudu Z Shaft Clamp

d . d w v
3122 Lﬂ?@ﬁuE]ﬂ'ﬁE]EJﬂLLUU’J\'ﬁ]'iﬂ’JUF’]iJﬂ']‘S‘VIWQWU‘UB\?QG]Lﬁaumﬂﬂﬁﬁlﬂﬁ@dmﬂu
1) Arduino Mega 2560

P399 3.12 guUnsal Arduino Mega 2560 [14]

Microcontroller ATmega2560

Operating Voltage 5V

Digital 1/O Pins 54 (of which 15 provide
PWM output)

Analog Input Pins 16

Clock Speed 16 MHz

2) A4988 Stepper Driver

AN57971 3.13 gUnsal A4988 Stepper Driver [12]

_y‘,; 0, Operating Voltage 8-35V
Logic Voltage %= 55 A
Continuous current per phase 1A
%] vmoT
, : ;5;40 Maximum current per phase 2A
L] 2A
® :; Microstep resolutions Full, 1/2, 1/4,
.
o o 1/8, and 1/16
J GND




3.) IC L298N

3971 3.14 gunsal IC L298N [15]

74

Operating Voltage

UPTO 46 V

Logic Voltage

4.5-1v

Current - Output

2A

Voltage - Load

48V ~d6V

Package / Case

15-Multiwatt

&

IMultiwatt15

- N W e OO N

&

I

Z TAB CONNECTED TO FIN 8

CURRENT SENSING B
OUTPUT 4

OQUTPUT 3

INPUT 4

ENABLE B

INPUT 3

LOGIC SUPPLY VOLTAGE Ves

GND

INPUT 2

ENABLE A

INPUT 1

SUPPLY VOLTAGE Vg
QUTPUT 2

OUTPUT 1

CURRENT SENSING A

4.) Stepping Motor 97UU 3 ¢

A5 3.15 gunsnl Stepping Motor [16]

|

e = W

Step Angle

1.8°

Voltage

255V

Rated Current

1.8 A

Diameter of axle

5 mm

Static torque

4.2 ke.cm

14U




5.) DC Motor

37 3.16 gUnTai DC Motor [2]

Model ZGA25RP

Voltage 6~24 V

Output Power 0.5~2W

Rotation Rate 100 RPM

6.) Ultrasonics Sensor module
A5 3.17 gunsal Ultrasonics Sensor module [5]

Working voltage D5V

0~+70

Working temperature

Induction Angle

Less than 15

Detection range Zcmto 4 m
Detecting precision 0.3cm + 1%
7.) Endstop switch
37 3.18 gunsal Endstop switch [13]
e Working voltage 335V
—oGND | 37U 3 M
— V¢ | connection VcC (ramps +) red line
connected to GND (ramps -) Black line

connection SIGNAL (ramps s)

green line
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3.2.2 daulusunsuuszanananiw Winnsusuunstaanazlusunsudiune
Uszanunsalniugly
3.3.2.1 mau#mas ASUS Transformer Book Flip TP550LD

E‘Uﬁ 3.56 ARURLADS ASUS Transformer Book Flip TP550LD [17]

A51971 3.19 AruaiRvesAoNRIADS ASUS Transformer Book Flip TP550LD

Processor Intel® Core™ i5 4200U Processor
Operation System Windows 10
Memory Onboard Memory 4 GB
Graphic NVIDIA® Geforce® 820M with 2GB DDR3
Optical Drive Super-Multi DVD (On selected models)
Card Reader 2 in 1 card reader (SD/SDHC)
Camera VGA Web Camera

Integrated 802.11 b/g/n
10/100/1000/Gigabits Base T

Networking
BT 4.0 support (on WLAN+ BT 4.0
combo card)
1 x Combo audio jack
1 x USB 3.0 port(s)
2 x USB 2.0 port(s)
Interface

1 x RJ45 LAN Jack for LAN insert
1 x HDMI

1 x SD card reader




17

ATl 3.19 AriasiRvesnesfiawmes ASUS Transformer Book Flip TP550LD (sia)

Audio

Built-in Speakers and Microphone

SonicMaster

Battery

2 Cells 38 Whrs Polymer Battery

Power Adapter

WG : 19 V DC, 3.42 A, 65W
BuNm : 110 — 240 V AC, 50/60 Hz

universal

3.2.2.2 Web Camera oker FULL HD Auto Focus HD-386

gﬂﬁ 3.57 Web Camera OKER FULL HD Auto Focus HD-386 [18]

A9 3.20 AauaNves Web Camera oker FULL HD Auto Focus HD-386

Resolution 2.0 megapixel
Frame rate 1920 x 1080 per 30 fps
Interface USB 2.0
Lens guality High
Focus length 30 mm - Infinity
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o ea ' ' ' =t 9] ' ' ' = =
1“?’]19@5“@3’1 1 suwnuy X agimﬂ’ﬂdﬂ’] 0 89 10 AUKUILAU Y BQT’J‘W'J'NF]T 0048 ﬂauw
[ 1 ﬂ' 15 :J o 1 o 1 A v o 1 L A
AEATLAUS IﬂEJL‘SSJmumeL‘Iﬁu\i (0,0) IUQHMWLLMUQ (10,8) “q@'ﬂaa\ﬂﬁmWLLﬁUQQEJJWLUﬂ?@m'SUﬁW

WUIUNY X BE5¥WINAT 0 9 -10 AuwwIwnu Y agseninm 0 s 8 Jouftazdumis Tne

a v ao | ° ' | v o ' v eq
SuAuAiume 0,0) luausiums (-10,8) gantanulvisumiseglupeaiudi 3 uwaunu X

a w

9g3¥nI19A 0 9 -10 Auuwaunu Y agszninedn 0 A -8 fiazdumis Tnoiduduiimum
(0,0) Wawsumis (-10,-8) uazyaiidlvisumisegluneniusil 4 uwunu X agsywinen
0 fia 10 Auuwaunu Y agseninedn 0 e -8 Jeudtazsiumis TnaiFuduiisumia (0,0) 1
st (10,8) wihdunasumisiivanetinmiey eudunssmunsmiuansiiaess Te

a @ al v =t s ci:l q’ o 1 14
ﬁﬂUﬂJS’UE]\'iﬂi%ﬂTHﬂ‘i']WLLﬁFN@\Z’IEU‘V] 3.60 wazvunnIreeImlNAaAAG oI MU Uou

e \

45 R A4 ddo .
gﬂw 3.58 N151Pa9IAINNLHEUEIUBINISLAADUNNALKUIUAI8N



79

Input X position : A
Input Y position :

[ Autoscrol Nolneendng + 9600baud

g“dﬁ 3.59 Serial Monitor

UM 3.60 dnwaizaInsEa1unIIv

3.3.3 yawasuyadosou uazwaviduafnrugu

msvaassldnuyardsuyndoaey wazsenduasauay WWunismaasdldan
Haifudsugadeasuiiusznousemsauresmenansesyadeasy yaduyn
Joasuiivinusiniu Fagnaruauiissenduainiuay tenadaunisldeu uay
UszanSamnisianuresyadsugadeasy noveasdldauilsddudsundeasy
S 300 afs Tnsutsnisvhenadu 15 soumaaes warluusazseunisnaaasazldyn

14 o L3 o as s; k24 v
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3.3.4 d2ulusunsuussuiananIn

3.3.4.1 MinnasiuAImITIRnesI03RINeY Bilateral

INMseBNLUURINTes Bilateral §i 3 wisdiweiidesruunie uindansas
sigma color wag sigma space ﬁ&&ULﬁaﬁWﬁ’]WﬁWﬁLﬂ@%ﬁﬁ’luﬁﬂﬁﬂﬁmm’mﬁuﬂ’éulﬁl}’]ﬂ
ign uazdanainmnnuandavesveudaanlild Jsonuuumsmaassmuduneusied

1. 13Ul 3.61 1gfnses Bilateral

2. Uuruavesianges Tnglsien siema color uag sigma space (Husnnsii

3. WIBUIgUNAAIINLANAI Y BILARETUIARINTBY

4. U5u sigma color Tnsthwunnvasiinsesiilinadnsiigauld wasdmunls
sigma space ldAmsdi

5. Wisuiisunailéainnisusu siema color

6. U3 sigma space lngthuinavesianseauas sigma color ilanadwsaifiaaunly

U 3.61 mmdmiumsvaaealfuAmsfitneiuesdinses Bilateral

3.3.4.2 N1IAaavIA s ylaan
nn1seanwuulunszulrunisimsvlaasdeariivunsunsyleana vsusnay
wUdduINUaIR UM avaeile daluierruaavssleaniivuizaudmaasslddues
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Product Overview

The Arduino Mega 2560 is a microcontroller board based on the ATmega2560
(datasheet). It has 54 digital input/output pins (of which 14 can be used as PWM outputs),
16 analog inputs, 4 UARTs (hardware serial ports), a 16 MHz crystal oscillator, a USB
connection, a power jack, an ICSP header, and a reset button. It contains everything
needed to support the microcontroller; simply connect it to a computer with a USB cable or
power it with a AC-to-DC adapter or battery to get started. The Mega is compatible with
most shields designed for the Arduino Duemilanove or Diecimila.
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Technical Specification

EAGLE files: _arduino-mega2560-reference-design.zip Schematic: arduino-mega2560-schematic.pdf

Summar

Microcontroller ATmega2560

Operating Voltage oV

Input Voltage (recommended) 7-12V

Input Voltage (limits) 6-20V

Digital I/O Pins 54 (of which 14 provide PWM output)

Analog Input Pins 16

DC Current per I/0O Pin 40 mA

DC Current for 3.3V Pin 50 mA

Flash Memory 256 KB of which 8 KB used by bootloader

SRAM 8 KB

EEPROM 4 KB

Clock Speed 16 MHz

the board

| Power
|2C) | Led

| MADE
IN ITALY

T

Wil . ARDUINO.CC

analog pins
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The Arduino Mega2560 can be powered via the USB connection or with an external power supply. The power source is
selected automatically. External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The
adapter can be connected by plugging a 2.1mm center-positive plug into the board's power jack. Leads from a battery
can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however, the 5V pin may
supply less than five volts and the board may be unstable. If using more than 12V, the voltage regulator may overheat
and damage the board. The recommended range is 7 to 12 volts.

The Mega2560 differs from all preceding boards in that it does not use the FTDI USB-to-serial driver chip. Instead, it
features the Atmega8U2 programmed as a USB-to-serial converter.

The power pins are as follows:

e VIN. The input voltage to the Arduino board when it's using an external power source (as opposed to 5 volts
from the USB connection or other regulated power source). You can supply voltage through this pin, or, if
supplying voltage via the power jack, access it through this pin.

e 5V. The regulated power supply used to power the microcontroller and other components on the board. This
can come either from VIN via an on-board regulator, or be supplied by USB or another regulated 5V supply.

e 3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA.

e GND. Ground pins.

Memor

The ATmega2560 has 256 KB of flash memory for storing code (of which 8 KB is used for the bootloader), 8 KB of
SRAM and 4 KB of EEPROM (which can be read and written with the EEPROM library).

Input and Output

Each of the 54 digital pins on the Mega can be used as an input or output, using pinMode(), digitalWrite(), and
digitalRead() functions. They operate at 5 volts. Each pin can provide or receive a maximum of 40 mA and has an
internal pull-up resistor (disconnected by default) of 20-50 kOhms. In addition, some pins have specialized functions:

e Serial: 0 (RX) and 1 (TX); Serial 1: 19 (RX) and 18 (TX); Serial 2: 17 (RX) and 16 (TX); Serial 3: 15 (RX) and
14 (TX). Used to receive (RX) and transmit (TX) TTL serial data. Pins 0 and 1 are also connected to the
corresponding pins of the ATmega8U2 USB-to-TTL Serial chip .

e External Interrupts: 2 (interrupt 0), 3 (interrupt 1), 18 (interrupt 5), 19 (interrupt 4), 20 (interrupt 3), and 21
(interrupt 2). These pins can be configured to trigger an interrupt on a low value, a rising or falling edge, or a
change in value. See the attachinterrupt() function for details.

e PWM: 0 to 13. Provide 8-bit PWM output with the analogWrite() function.

e SPl: 50 (MISO), 51 (MOSI), 52 (SCK), 53 (SS). These pins support SPI communication, which, although
provided by the underlying hardware, is not currently included in the Arduino language. The SPI pins are also
broken out on the ICSP header, which is physically compatible with the Duemilanove and Diecimila.

e LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the LED is on, when
the pin is LOW, it's off.

e [|°C: 20 (SDA) and 21 (SCL). Support I°C (TWI) communication using the Wire library (documentation on the
Wiring website). Note that these pins are not in the same location as the I2C pins on the Duemilanove.

The Mega2560 has 16 analog inputs, each of which provide 10 bits of resolution (i.e. 1024 different values). By default
they measure from ground to 5 volts, though is it possible to change the upper end of their range using the AREF pin and
analogReference() function.

There are a couple of other pins on the board:

e AREF. Reference voltage for the analog inputs. Used with analogReference().
® Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to shields which
block the one on the board.

RS ~radiospares rabiomics
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Communication

The Arduino Mega2560 has a number of facilities for communicating with a computer, another Arduino, or
other microcontrollers. The ATmega2560 provides four hardware UARTSs for TTL (5V) serial communication.
An ATmega8U2 on the board channels one of these over USB and provides a virtual com port to software on
the computer (Windows machines will need a .inf file, but OSX and Linux machines will recognize the board
as a COM port automatically. The Arduino software includes a serial monitor which allows simple textual
data to be sent to and from the board. The RX and TX LEDs on the board will flash when data is being
transmitted via the ATmega8U2 chip and USB connection to the computer (but not for serial communication
on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Mega's digital pins.

The ATmega2560 also supports 12C (TWI) and SPI communication. The Arduino software includes a Wire
library to simplify use of the 12C bus; see the documentation on the Wiring website for details. To use the SPI
communication, please see the ATmega2560 datasheet.

Programming

The Arduino Mega2560 can be programmed with the Arduino software (download). For details, see the
reference and tutorials.

The Atmega2560 on the Arduino Mega comes preburned with a bootloader that allows you to upload new
code to it without the use of an external hardware programmer. It communicates using the original STK500
protocol (reference, C header files).

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit Serial
Programming) header; see these instructions for details.

@ Radlospares RADIONICS
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Automatic (Software) Reset

Rather then requiring a physical press of the reset button before an upload, the Arduino Mega2560 is
designed in a way that allows it to be reset by software running on a connected computer. One of the
hardware flow control lines (DTR) of the ATmega8U2 is connected to the reset line of the ATmega2560 via a
100 nanofarad capacitor. When this line is asserted (taken low), the reset line drops long enough to reset the
chip. The Arduino software uses this capability to allow you to upload code by simply pressing the upload
button in the Arduino environment. This means that the bootloader can have a shorter timeout, as the
lowering of DTR can be well-coordinated with the start of the upload.

This setup has other implications. When the Mega2560 is connected to either a computer running Mac OS X
or Linux, it resets each time a connection is made to it from software (via USB). For the following half-second
or so, the bootloader is running on the Mega2560. While it is programmed to ignore malformed data (i.e.
anything besides an upload of new code), it will intercept the first few bytes of data sent to the board after a
connection is opened. If a sketch running on the board receives one-time configuration or other data when it
first starts, make sure that the software with which it communicates waits a second after opening the
connection and before sending this data.

The Mega contains a trace that can be cut to disable the auto-reset. The pads on either side of the trace can
be soldered together to re-enable it. It's labeled "RESET-EN". You may also be able to disable the auto-reset
by connecting a 110 ohm resistor from 5V to the reset line; see this forum thread for details.

USB Overcurrent Protection

The Arduino Mega has a resettable polyfuse that protects your computer's USB ports from shorts and
overcurrent. Although most computers provide their own internal protection, the fuse provides an extra layer
of protection. If more than 500 mA is applied to the USB port, the fuse will automatically break the connection
until the short or overload is removed.

Physical Characteristics and Shield Com

The maximum length and width of the Mega PCB are 4 and 2.1 inches respectively, with the USB connector
and power jack extending beyond the former dimension. Three screw holes allow the board to be attached to
a surface or case. Note that the distance between digital pins 7 and 8 is 160 mil (0.16"), not an even multiple
of the 100 mil spacing of the other pins.

The Mega is designed to be compatible with most shields designed for the Diecimila or Duemilanove. Digital
pins 0 to 13 (and the adjacent AREF and GND pins), analog inputs 0 to 5, the power header, and ICSP
header are all in equivalent locations. Further the main UART (serial port) is located on the same pins (0 and
1), as are external interrupts 0 and 1 (pins 2 and 3 respectively). SPI is available through the ICSP header on
both the Mega and Duemilanove / Diecimila. Please note that I°C is not located on the same pins on the
Mega (20 and 21) as the Duemilanove / Diecimila (analog inputs 4 and 5).
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How to use Arduino

Arduino can sense the environment by receiving input from a variety of sensors and can affect its
surroundings by controlling lights, motors, and other actuators. The microcontroller on the board is
programmed using the Arduino programming language (based on Wiring) and the Arduino
development environment (based on Processing). Arduino projects can be stand-alone or they can
communicate with software on running on a computer (e.g. Flash, Processing, MaxMSP).

Arduino is a cross-platoform program. You'll have to follow different instructions for your personal
OS. Check on the Arduino site for the latest instructions. http.//arduino.cc/en/Guide/HomePage

Linux Install Windows Install Mac Install

Once you have downloaded/unzipped the arduino IDE, you can Plug the Arduino to your PC via USB cable.

Blink led

Now you’re actually ready to “burn” your W Bk | Arciitog 0017

first program on the arduino board. To Fle Edt Sketch Tools Help
select “blink led”, the physical translation @@ B EE R &
of the well known programming “hello
world”, select

int ledPin = 13;

File>Sketchbook> The setn() mechod runs once, vhen the Skeseh o
Arduino-0017>Examples> o setwl) (- _
DlgltaI>BI|nk ' . - (ledPin, lDU‘l“PUT} i

Once you have your skecth you'll
see something very close to the
screenshot on the right. (

14 loop{)

d talWrite(ledPin, HIGH): zet th ED on
lay(1000) : wailt for a second

In Tools>Board select MEGA S satLL Leain, SR

1= 14y (1000) ;

Now you have to go to
Tools>SerialPort

and select the right serial port, the
one arduino is attached to.

s Ll
T i e T ue S . 1o (]’“. o

{ Done compll_l_r)ﬂ tzgﬁ E‘T

IC )

(to check for errors) TX RX Flashing Blinking Led!

Press Compile button
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Dimensioned Drawing
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Terms & Conditions 0]

1.  Warranties

1.1 The producer warrants that its products will conform to the Specifications. This warranty lasts for one (1) years from the date of the sale. The
producer shall not be liable for any defects that are caused by neglect, misuse or mistreatment by the Customer, including improper installation or testing,
or for any products that have been altered or modified in any way by a Customer. Moreover, The producer shall not be liable for any defects that result from
Customer's design, specifications or instructions for such products. Testing and other quality control techniques are used to the extent the producer deems
necessary.

1.2 Ifany products fail to conform to the warranty set forth above, the producer's sole liability shall be to replace such products. The producer's liability
shall be limited to products that are determined by the producer not to conform to such warranty. If the producer elects to replace such products, the
producer shall have a reasonable time to replacements. Replaced products shall be warranted for a new full warranty period.

1.3 EXCEPT AS SET FORTH ABOVE, PRODUCTS ARE PROVIDED "AS IS" AND "WITH ALL FAULTS." THE PRODUCER DISCLAIMS ALL OTHER
WARRANTIES, EXPRESS OR IMPLIED, REGARDING PRODUCTS, INCLUDING BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE

1.4 Customer agrees that prior to using any systems that include the producer products, Customer will test such systems and the functionality of the
products as used in such systems. The producer may provide technical, applications or design advice, quality characterization, reliability data or other
services. Customer acknowledges and agrees that providing these services shall not expand or otherwise alter the producer's warranties, as set forth
above, and no additional obligations or liabilities shall arise from the producer providing such services,

1.5 The Arduino™ products are not authorized for use in safety-critical applications where a failure of the product would reasonably be expected to cause
severe personal injury or death. Safety-Critical Applications include, without limitation, life support devices and systems, equipment or systems for the
operation of nuclear facilities and weapons systems. Arduino™ products are neither designed nor intended for use in military or aerospace applications or
environments and for automotive applications or environment. Customer acknowledges and agrees that any such use of Arduino™ products which is solely
at the Customer's risk, and that Customer is solely responsible for compliance with all legal and regulatory requirements in connection with such use.

1.6 Customer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements concerning its

products and any use of Arduino™ products in Customer's applications, notwithstanding any applications-related information or support that may be
provided by the producer,

Z Indemnification

The Customer acknowledges and agrees to defend, indemnify and hold harmless the producer from and against any and all third-party losses, damages,
liabilities and expenses it incurs to the extent directly caused by: (i) an actual breach by a Customer of the representation and warranties made under this
terms and conditions or (i) the gross negligence or willful misconduct by the Customer.

3 Consequential Damages Waiver

In no event the producer shall be liable to the Customer or any third parties for any special, collateral, indirect, punitive, incidental, consequential or

exemplary damages in connection with or arising out of the products provided hereunder, regardless of whether the producer has been advised of the
possibility of such damages. This section will survive the termination of the warranty period.

4. Changes to specifications

The producer may make changes to specifications and product descriptions at any time, without notice. The Customer must not rely on the absence or
characteristics of any features or instructions marked "reserved" or "undefined." The producer reserves these for future definition and shall have no
responsibility whatsoever for conflicts or incompatibilities arising from future changes to them. The product information on the Web Site or Materials is
subject to change without notice. Do not finalize a design with this information.

Enviromental Policies

The producer of Arduino™ has joined the Impatto Zero®
policy of LifeGate.it. For each Arduino board produced is
created / looked after half squared Km of Costa Rica’s
forest's.
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L298

DUAL FULL-BRIDGE DRIVER

= OPERATING SUPPLY VOLTAGE UP TO 46 V

= TOTAL DC CURRENT UP TO 4 A

= LOW SATURATION VOLTAGE

» OVERTEMPERATURE PROTECTION

= LOGICAL "0" INPUT VOLTAGE UP TO 1.5 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuit in a 15-
lead Multiwatt and PowerSO20 packages. It is a
high voltage, high current dual full-bridge driver de-
signed to accept standard TTL logic levels and drive
inductive loads such as relays, solenoids, DC and
stepping motors. Two enable inputs are provided to
enable or disable the device independently of the in-
put signals. The emitters of the lower transistors of
each bridge are connected together and the corre-
sponding external terminal can be used for the con-

BLOCK DIAGRAM
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PowerS020
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ODRDERING NUMBERS : L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.)
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nection of an external sensing resistor. An additional
supply input is provided so that the logic works at a
lower voltage.
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vg Power Supply 50 V
Vss Logic Supply Voltage 7 V
Vi,Ven Input and Enable Voltage -0.3t07 \
lo Peak Output Current (each Channel)
— Non Repetitive (t = 100ps) 3 A
—Repetitive (80% on —20% off; ton = 10ms) 25 A
—DC Operation 2 A
Vsens Sensing Voltage -1t02.3 \
Ptot Total Power Dissipation (Tcase = 75°C) 25 W
Top Junction Operating Temperature -25to 130 °C
Tag, Tj | Storage and Junction Temperature -40 to 150 e
PIN CONNECTIONS (top view)
/ |. Pt o CURRENT SENSING B
14 "3 OUTPUT4
‘@‘ o1l D | OUTPUT 3
12 3 INPUT4
LR ENABLE B
W ——— = 'INPUTE
LM . - D— LOGIC SUPPLY VOLTAGE Vgg
ultiwatt15 & —— 5
| A—— INPUT 2
6 O ENABLEA
3 E—] INPUT 1
a9 SUPPLY VOLTAGE Vs
Q} al———= OUTPUT 2
2 3 OuUTPUTH
[ e [=— 5 CURRENT SENSING A
Z TAB CONNECTED TOPIN 8 D95INZ40A
4
GND [ 1 20 [ GND
SenseA [ 2 19 ] SenseB
NC. [ 3 18 [ NC.
out1 [ 4 17 [ Out4
ouwz | 5 PowerS020 1 [/ out3
Vg 16 15 [ Input4
Inputt | 7 14 ] Enable B
EnableA | 8 13 [ Input3
Input2 ] 9 12 [/ vss
GND [ 10 11 1 GND
Dg5IN239
THERMAL DATA
Symbol Parameter PowerS020 Multiwatt15 Unit
Rihjcase | Thermal Resistance Junction-case Max. - 3 °C/W
Rthjamb | Thermal Resistance Junction-ambient Max. 13 () 35 °C/W

(*) Mounted on aluminum substrate

213
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PIN FUNCTIONS (refer to the block diagram)

MW.15 PowerSO Name Function
1;15 2,19 Sense A; Sense B |Between this pin and ground is connected the sense resistor to
control the current of the load.
2;3 4;5 Out 1; Out 2 Outputs of the Bridge A; the current that flows through the load
connected between these two pins is monitored at pin 1.
4 6 Vs Supply Voltage for the Power Output Stages.
A non-inductive 100nF capacitor must be connected between this
pin and ground.
57 7.9 Input 1; Input 2 TTL Compatible Inputs of the Bridge A.
6;11 8;14 Enable A; Enable B | TTL Compatible Enable Input: the L state disables the bridge A
(enable A) and/or the bridge B (enable B).
8 1,10,11,20 GND Ground.
9 12 VSS Supply Voltage for the Logic Blocks. A100nF capacitor must be
connected between this pin and ground.
10; 12 13;15 Input 3; Input 4 TTL Compatible Inputs of the Bridge B.
13; 14 16;17 Out 3; Out 4 Outputs of the Bridge B. The current that flows through the load
connected between these two pins is monitored at pin 15.
- 3;18 N.C. Not Connected

ELECTRICAL CHARACTERISTICS (Vs = 42V, Vss = 5V, Tj = 25°C; unless otherwise specified)

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
Vs Supply Voltage (pin 4) Operative Condition ViH +2.5 46 V
Vss Logic Supply Voltage (pin 9) 4.5 5 7 \'
Is Quiescent Supply Current (pin 4)  [Ven=H; IL=0 Vi=L 13 22 mA
Vi=H 50 70 mA
Ven=L Vi=X 4 mA
Iss Quiescent Current from Vss (pin 9) |Ven=H; IL=0 Vi=L 24 36 mA
Vi=H 7 12 mA
Ven=L Vi=X 6 mA
ViL Input Low Voltage -0.3 1.5 Vv
(pins 5, 7, 10, 12)
ViH Input High Voltage 2.3 VSS Y
(pins 5,7, 10, 12)
liL Low Voltage Input Current Vi=L -10 uA
(pins 5, 7, 10, 12)
liH High Voltage Input Current Vi=H<Vgs—-0.6V 30 100 LA
(pins 5, 7, 10, 12)
Ven =L |Enable Low Voltage (pins 6, 11) -0.3 1.8 \%
Ven=H |Enable High Voltage (pins 6, 11) 2.3 Vss V
len=L |Low Voltage Enable Current Ven=L =10 A
(pins 6, 11)
len=H |High Voltage Enable Current Ven=H < Vgs 0.6V 30 100 pA
(pins 6, 11)
Vcesat(H) | Source Saturation Voltage IL=1A 0.95 1.35 1.7 \Y)
IL=2A 2 2.7 vV
Veesar) [Sink Saturation Voltage IL=1A (5) 0.85 1.2 1.6 vV
IL=2A (5) 1.7 2.3 \%
Vcesat | Total Drop L=1A (5) 1.80 3.2 3
IL=2A (5) 4.9 v
Vsens [ Sensing Voltage (pins 1, 15) -1 (1) 2 v
[7[ 3/13
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ELECTRICAL CHARACTERISTICS (continued)

Symbol Parameter Test Conditions Min. Typ. | Max. Unit
T1 (Vi) |Source Current Turn-off Delay 0.5Vito0.91L  (2);(4) 1.5 us
T2 (Vi) |Source Current Fall Time 091 to0.11L  (2); (4) 0.2 us
Ta (Vi) |Source Current Turn-on Delay 0.5Vito 0.1 1L (2); (4) 2 us
T4 (Vi) |Source Current Rise Time 01110091 (2); (4) 0.7 us
Ts (Vi) | Sink Current Tum-off Delay 0.5Vito 0.91L  (3);(4) 0.7 us
Ts (Vi) |Sink Current Fall Time 091 to0.1 1L (3); (4) 0.25 s
T7 (Vi) |Sink Current Tum-on Delay 0.5Vito0.91L  (3); (4) 1.6 us
Ts (Vi) [Sink Current Rise Time 0.11Lt0091L (3); (4) 0.2 us
fc (Vi) |Commutation Frequency IL=2A 25 40 KHz

T1 (Ven) |Source Gurrent Turn-off Delay 0.5Vento 0.9 1L (2); (4) 3 us

T2 (Ven) [Source Current Fall Time 09I to01 1L (2); (4) 1 us

T3 (Ven) |Source Current Turn-on Delay 0.5Vento 0.1 1L (2); (4) 0.3 us

T4 (Ven) |Source Current Rise Time 011 t00.91L (2); (4) 0.4 us

Ts (Ven) |Sink Current Tum-off Delay 0.5Vento 091 (3); (4) 2.2 us

Te (Ven) |Sink Current Fall Time 091 to0.11.  (3); (4) 0.35 us

T7 (Ven) |Sink Current Turn-on Delay 0.5Vento 0.9 1L (3); (4) 0.25 us

Ts (Ven) |Sink Current Rise Time 0.11L to091L  (3); (4) 0.1 us

1) 1)Sensing voltage can be —1 V for t < 50 usec; in steady state Vens min 2 - 0.5 V.

2) See fig. 2.
3) See fig. 4.
4) The load must be a pure resistor.

Figure 1 : Typical Saturation Voltage vs. Output
Current.
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Figure 2 : Switching Times Test Circuits.
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Figure 3 : Source Current Delay Times vs. Input or Enable Switching.
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Figure 4 : Switching Times Test Circuits.

Vgg.sy  Vg=42V
@,

INPUT

ENABLE

5585411

Note : For INPUT Switching, set EN = H
For ENABLE Switching, set IN = L

513




L298

Figure 5 : Sink Current Delay Times vs. Input 0 V Enable Switching.
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Figure 6 : Bidirectional DC Motor Control.
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M o im 7 [‘L Inputs Function
o
Ven=H C=H;B=L Forward
3 R " T C=L;D=H |Reverse
3 O C=D Fast Motor Stop
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Figure 7 : For higher currents, outputs can be paralleled. Take care to parallel channel 1 with channel 4

and channel 2 with channel 3.
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APPLICATION INFORMATION (Refer to the block diagram)

1.1. POWER OUTPUT STAGE

The L298 integrates two power output stages (A ; B).
The power output stage is a bridge configuration
and its outputs can drive an inductive load in com-
mon or differenzial mode, depending on the state of
the inputs. The current that flows through the load
comes out from the bridge at the sense output : an
external resistor (Rsa ; Rsg.) allows to detect the in-
tensity of this current.

1.2. INPUT STAGE

Each bridge is driven by means of four gates the in-
put of which are In1; In2 ; EnA and In3 ; In4 ; EnB.
The Ininputs set the bridge state when The En input
is high ; a low state of the En input inhibits the bridge.
All the inputs are TTL compatible.

2. SUGGESTIONS

A non inductive capacitor, usually of 100 nF, must
be foreseen between both Vs and Vss, to ground,
as near as possible to GND pin. When the large ca-
pacitor of the power supply is too far from the IC, a
second smaller one must be foreseen near the
L29s8.

The sense resistor, not of a wire wound type, must
be grounded near the negative pole of Vs that must
be near the GND pin of the I.C.

57

Each input must be connected to the source of the
driving signals by means of a very short path.

Turn-On and Tum-Off : Before to Turn-ON the Sup-
ply Voltage and before to Turn it OFF, the Enable in-
put must be driven to the Low state.

3. APPLICATIONS

Fig 6 shows a bidirectional DC motor control Sche-
matic Diagram for which only one bridge is needed.
The external bridge of diodes D1 to D4 is made by
four fast recovery elements (trr < 200 nsec) that
must be chosen of a VF as low as possible at the
worst case of the load current.

The sense output voltage can be used to control the
current amplitude by chopping the inputs, or to pro-
vide overcurrent protection by switching low the en-
able input.

The brake function (Fast motor stop) requires that
the Absolute Maximum Rating of 2 Amps must
never be overcome.

When the repetitive peak current needed from the
load is higher than 2 Amps, a paralleled configura-
tion can be chosen (See Fig.7).

An external bridge of diodes are required when in-
ductive loads are driven and when the inputs of the
IC are chopped ; Shottky diodes would be preferred.
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L2938

Fig 10 shows a second two phase bipolar stepper
motor control circuit where the current is controlled
by the 1.C. L6506.

This solution can drive until 3 Amps In DC operation
and until 3.5 Amps of a repetitive peak current.

OnFig 8itis shown the driving of a two phase bipolar
stepper motor ; the needed signals to drive the in-
puts of the L298 are generated, in this example,
from the IC L297.

Fig 9 shows an example of P.C.B. designed for the
application of Fig 8.

Figure 8 : Two Phase Bipolar Stepper Motor Circuit.

This circuit drives bipolar stepper motors with winding currents up to 2 A. The diodes are fast 2 A types.
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Figure 9 : Suggested Printed Circuit Board Layout for the Circuit of fig. 8 (1:1 scale).
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Figure 10 : Two Phase Bipolar Stepper Motor Control Circuit by Using the Current Controller L6506.
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DIM mm inch
" miN. | TYP. [max. | miN. | TYP. | mAX. OUTLINE AND
A 5 0.197 MECHANICAL DATA
B 265 0.104
C 1.6 0.063
D 1 0.039
E | 049 0.55 | 0.019 0.022
F | 066 0.75 | 0.026 0.030
G | 102 | 127 | 1.52 | 0.040 | 0.050 | 0.060
G1 | 1753 | 17.78 | 18.03 | 0.690 | 0.700 [ 0.710
H1 | 196 0.772
H2 20.2 0.795
L | 219 | 222 | 225 [ 0.862 | 0.874 | 0.836
L1 | 217 | 221 | 225 | 0.854 | 0.870 | 0.886
L2 |[1765 18.1 | 0.695 0.713
L3 |17.25| 17.5 | 17.75 | 0.679 | 0.689 | 0.699
L4 | 103 | 107 | 10.9 | 0.406 | 0.421 | 0.420
L7 | 265 29 |0.104 0.114
M | 425 | 455 | 485 | 0.167 | 0.179 | 0.191
M1 | 463 | 508 | 553 | 0.182 | 0.200 | 0.218
s 1.9 26 |0.075 0.102
s1 | 1.9 26 |0.075 0.102 Multiwatt15 V
Dial | 3.65 385 | 0.144 0.152
H1
A S [
C r5 -~
' 7 1
A A
y Dia 1 _/
A = e
o~
— by | b= o
o Oé =
—
~ o L A
H2
B v X
E N _
F G
M1 M Gi Al
10113 K7’l
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DIM. = = OUTLINE AND
MIN. | TYP. | MAX. | MIN. | TYP. | MAX.
. 5 Bt MECHANICAL DATA
B 2,65 0.104
c 1.6 0.063
E | 049 0.55 | 0.019 0.022
F | oss 0.75 | 0.026 0.030
G | 114 [ 127 | 1.4 [0045 0050 | 0.055
G1 | 1757 [ 17.78 | 17.91 | 0.692 | 0.700 | 0.705
H1 | 19.6 0.772
H2 202 0.795
L 20.57 0.810
L1 18.03 0.710
L2 254 0.100
L3 |17.25| 175 | 17.75 [ 0.679 | 0.689 | 0.699
L4 | 103 | 107 | 109 | 0.406 | 0.421 | 0.429
L5 5.28 0.208
L6 2.38 0.094
L7 | 265 29 |o0.104 0.114
s | 19 26 |0.075 0.102
s1 | 19 26 |0.075 0.102 Multiwatt15 H
Dial | 3.65 3.85 | 0.144 0.152
H1
A S
_4:"'(_:_ 5 ! ‘.‘7‘ \rS1
! g 7 |
----- [ [ Dia. 1 -/
= b (3
— ol |k -
O O n
_—
1| |B
-l R |
L
ygzp - H2
ol
Fﬁ ¥ _I" n
G
L6 i G -
L5 B
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DIM. mm inch
MIN. | TYP. | MAX. [ MIN. | TYP. | MAX.

A 3.6 0.142
al 0.1 0.3 0.004 0.012
a2 3.3 0.130
a3 0 0.1 | 0.000 0.004
b 0.4 0.53 | 0.016 0.021
c 0.23 0.32 | 0.009 0.013

D(1) | 158 16 | 0.622 0.630
D1 9.4 9.8 | 0.370 0.386
E 13.9 14.5 | 0.547 0.570
e 127 0.050
e3 11.43 0.450

E1(1)| 10.9 11.1 | 0.429 0.437
E2 2.9 0.114
E3 5.8 6.2 | 0.228 0.244
G 0 0.1 | 0.000 0.004
H 15.5 15.9 [ 0.610 0.626
h 1.1 0.043
L. 0.8 1.1 | 0.031 0.043
N 10° (max.)
S 8" (max.)
T [ 10 | | | 0.394 |

(1) "D and F" do not include mold flash or protrusions.
- Mold flash or protrusions shall not exceed 0.15 mm (0.0086").
- Critical dimensions: "E", "G" and "a3"
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Information furnished is believed to be accurate and reliable. However, STMicroelectronics assumes no responsibility for the conse-
quences of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No
license is granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this
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Notes and Warnings

Scheider

Installation, configuration and maintenance must be carried out by qualified tech-
nicians only. You must have detailed information to be able to carry out this work.

* Unexpected dangers may be encountered when working with this product!

0.177 + 0.002
(4.52 + 0.05)

I—

©0.197 (@ 5.0)

Flat extends to
rear end bell

™

FRONT VIEW

0.08 (2.03) —=|

11.8 inches (30 cm)

-

-

0O1.22 _,_r
(0030.99)

0.177 + 0.002
(4.52 + 0.05)

T

\ 4X @ M3xP0.5

0.177 (4.5) deep min

~—— @ 0.197 +0/-0.001

(@ 4.99 +0/-0.012)

@ 0.866 +0/-0.002
(0 22.0 +0/-0.052)
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For more information, go to www.imshome.com
has . REAR VIEV\{ (Reduced)
Specifications
) ) 2X M2 ‘
p moto Single length Tripl
ingle lengt Double length riple length 0.20 (5.1)
Part number M-1713-1.5 ¢ (1)  [M-1715-1.5¢ (1) M-1719-1.59 (1) deep min
Holding torque oz-in 32 60 75 — -
N-cm 23 42 53
Detent torque 0z-in 1.7 24 3.5
N-cm 1.2 1.5 2.5
Rotor inertia oz-in-sec?  |0.000538 0.0008037 0.0011562
kg-cm? 0.038 0.057 0.082 0-175 *g-?g5
Weight oz 7.4 8.1 12.7 (12:20:19)
grams 210 230 360
Phase current amps 15 15 15 Motor stack length inches (mm) El|G] Double Triple
Phase resistance  ohms 1.3 2.1 2.0 LMAX 1.34 (34.0) [1.57 (40) [1.89 (48)
Phase inductance  mH 2.1 5.0 3.85
(1) Indicate S for single-shaft or D for double-shaft, Example M-1713-1.58
" . Part Numbers
Wiring and Connections
Signals and wire colors Example: M-~-1713-1.558
Phase A Red Stepper motor frame size M= 3 - S
Phase /A Blue M-17 = NEMA17 (1.7"/42 mm)
Phase B Green Motor length M-1713 1.58
Phase /B Black 13- = single stack
15- = double stack
19- = triple stack
Phase current M-1713-1.58
1.5=1.5Amps
Shaft M -1713-1.58
S =single, front shaft only
D =double, front and rear shafts
Optional optical encoder (1) M-1713-1.5E8100

ES = Single-end
ED = Differential

Line count

100, 200, 250, 400, 500 or 1000 (2)

(1) An encoder replaces the shaft designator in the part number.
(2) All encoders have an index mark, except the 1000 line count version.
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Connectivity  single-end encoder differential encoder
[12343]
wire function pin function pin function
1 Brown Ground 1 no connect 6 Channel A+
2 Violet Index 2 +5VDCinput 7 Channel B—
3 Blue  Channel A 3  Ground 8 Channel B+
4 Orange +5VDC input 4 no connect 9 Index-—
5 Yellow Channel B 5 Channel A - 10 Index +
optional interface cable interface cable included
available: ES-CABLE-2
Timing single-end encoder differential encoder
el ] —X = Y —
T X e Y Y
: ‘ : - | CHA+
' !
Ll L en 31—
4 : ' l
' [ 2 '
| CHB =) !
e e 12 T
ﬂ IDX \ /1‘ o jcHB-
) T 1,
Po P2
,': \ IDX +
et
\ Poj 1DX -
Parameter Symbol Min  Typ Max Units
Cycle error 3 55 “e
Symmetry 130 180 230 e
Quadrature 40 90 140 e
Index pulse width Po 60 90 120 e
Index rise (after Ch A or B rise) 11 -300 100 250 ns
Index fall (after Ch A or B fall) 12 70 150 1000 ns

Cc One cycle: 360 electrical degrees (%e).

XY Symmelry: the measure of the relationship between X and Y, nominally 180°%.

4 Quadrature: the phase lead or lag between channels A and B, nominally 90°.

Po  Index pulse width, nominally 90 %e.

NOTE: Rotation is as viewed from the cover side of the encoder.



