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ABSTRACT

Currently, The sorting and counting process is important to the production and packaging
processes at the industrial that requires speed and high accuracy. This project presents a method for
sorting and selecting objects by using machine learning and the Delta robot that is used to pick things
in a specified direction. Which controls the process through the developed web application. By using
the camera connected to the Raspberry Pi to process images from objects, then the robot arms can be
moved to the desired position by controlling all three stepper motors to work at the same time and use
the calculations from the Delta robot kinematic principle. The images from the process are stored in the
system. So that users with access rights can view the process of the machine through the developed

web application.
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2.4 Runtime Environment
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2.5.5 Socket.IO
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2.7 Delta Robot Kinematic
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Use Case no. 2
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M13199 3.4 Mauaasganai 4 (View Profile)
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M3199 3.7 Mauaasganai 7 (Initial View)
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M13199 3.10 M3 uaasganai 10 (Rectify)

Use Case no. 10
Use Case Name Rectify
Actors Eﬁ%}ﬂu

Pre-Condition

Classification, Counting

Post-Condition

AN v A 9y
LlﬁﬂﬂﬁqﬂWﬂ‘ﬂulﬂi]"lﬂﬂigﬂTlufﬂi’ﬂNWHﬂ1§ﬁilﬂﬁ@Uﬂ]1Mgﬂﬁ@Q

91106 e

Brief Description

AIUVBINITATINABUANNYNADIVBITOYANAIUNTZUIUMNS

MM131399 3.11 N1 uaAganan 11 (Summary)

Use Case no. 11

Use Case Name Summary
Actors ;ﬁ%’am
Pre-Condition Rectify

Post-Condition

Brief Description

davesmsagiUwai ldainnszuiums

M13199 3.12 Mauaasganai 12 (Edit Pattern)

Use Case no. 12
Use Case Name Edit Pattern
Actors ;ﬁ%’qm

Pre-Condition

M3 Login g 1u5zU1

Post-Condition

v

uf lydoyagiuuumsaaueniniuin1ild

Brief Description

v

dauvesmsud lvguuumsaaueniitiuiinly

24



M1319% 3.13 M3 1uaasganan 13 (Counting Process)

Use Case no.

13

Use Case Name

Counting Process

Actors

I CARMY

Pre-Condition

Initial View

Post-Condition

A Y v o A Y9 9
mewa‘n"lﬂmﬂmiuummumaiwmﬂmumnﬁaumm

U

v
ANADI

U

Brief Description

AIUVDIMITUTIUIUVDIIAG

M13199 3.14 M3 1uaasganan 14 (Select Hardware)

Use Case no.

14

Use Case Name

Select Hardware

Actors

I CARMY

Pre-Condition

@i Learning

Post-Condition

Initial View

Brief Description

AIUV09M5180N Hardware A4 3 191U d115UMT Learning

M13199 3.15 M3 1uaasganan 15 (Learning Process)

Use Case no.

15

Use Case Name

Learning Process

Actors

ICARMY

Pre-Condition

Initial View

Post-Condition

Suggest Type, Add New Type

Brief Description

[ [

1 = 9 A Y
FIUVDINITLTEUY G]Qﬂ1ﬂ’)@]i!‘1/]ﬂf]ul"lﬂﬂi$‘ﬂ’nm1i

25



M13199 3.16 M3 1uaasganan 16 (Suggest Type)

Use Case no. 16

Use Case Name Suggest Type
Actors Eﬁ%}ﬂu
Pre-Condition Learning

Post-Condition

Brief Description

[ 1Y ti' 9

1 o A YA v W Y
FIUVDINITHUSUNINYNY ﬂymﬂﬂammﬂmmﬂ ALTYIUIIN

Q U

9 A
Yoyanilluszu

MM131391 3.17 N3 WAAYAAAN 17 (Add new type)

Use Case no. 17

Use Case Name Add New Type
Actors ;ﬁ%’am
Pre-Condition Learning

Post-Condition

Brief Description

davesmstoudoyalmidmiuiagh ldnnmsiFoud

Q

A o

Tunsain hitidagnlndifesegluszun

M3 3.18 ﬂ1§13!!ﬁ'ﬂﬂgﬁ!ﬂ@"ﬁ 18 (View Dataset)

Use Case no.

18

Use Case Name

View Dataset

Actors

I CARMY

Pre-Condition

M3 Login 08 1usz11

Post-Condition

[

9
udastoyaingnanua luszu

Brief Description

[

9
dauveamsuaastoyaingianualuszuyla

26



M1319% 3.19 M3 1uaasganai 19 (Search By Filtering)

Use Case no. 19
Use Case Name Search By Filtering
Actors Eﬁ%}ﬂu

Pre-Condition

View Dataset

Post-Condition

HEAIYOYAVDITAYAINT 180 IDeANADINS

Brief Description

dauveImMsAuIveyainga NI 1vazdeadeIns

M13199 3.20 M3 uaasganai 20 (View Dataset Detail)

Use Case no.

20

Use Case Name

View Dataset Detail

Actors

I CARMY

Pre-Condition

Select Dataset

Post-Condition

a A A
LEANTIYaZ0IAUDN Dataset NLADN

Brief Description

duveImsudasIazideatoyavesingition

Q

M13199 3.21 Mauaasganai 21 (Delete Dataset)

Use Case no. 21

Use Case Name Delete Dataset
Actors Eﬁ%}ﬂu
Pre-Condition Select Dataset

Post-Condition

Brief Description

' 9 A v A A
ﬁjusl]ﬂ\iﬂ']iaﬂﬁllﬂyaﬁi@gﬂﬂl@\ijﬁﬂﬂlﬁ@ﬂﬂqﬂjgﬂﬂ

q

27



M13199 3.22 M3 uaasganai 22 (View Hardware)

Use Case no. 22
Use Case Name View Hardware
Actors Eﬁ%}ﬂu
Pre-Condition N1M3 Login agﬂuszuu
.. 9 ) 9
Post-Condition HaeIUDYa Hardware V]Qﬁuﬂﬂlﬁlﬂﬁﬁﬂf
) [l
A71v09M3UAAIY0YA Hardware NInuang Iauamnsoly
Brief Description v
au'ld

M131391 3.23 NS 1WAAYIAAN 23 (View Hardware Detail)

Use Case no. 23
Use Case Name View Hardware Detail
Y
Actors Eﬁ‘lfﬂu
Pre-Condition Select Hardware
.. ) ~ 9 A
Post-Condition HaeIUD3a Hardware W :}Qléma’é)ﬂ
' ~ 9 A Y A
BriefDescription ﬁ’luﬂlflﬂﬂTﬁL!ﬁﬂﬁiWﬂﬁ&@‘c’JWUE)HﬁGU'E)\‘l Hardware 0 :Gl“]fm’f]ﬂ

M13199 3.24 M3 1uaasganai 24 (Edit Hardware Detail)

Use Case no. 24
Use Case Name Edit Hardware Detail
Actors Eﬁ%}ﬂu
Pre-Condition Select Hardware
Post-Condition uaavoya Hardware N 19vmsud
' = 9 = 9 A
Brief Description mummﬂmzﬁ"lmiwazmﬂmayjamm Hardware 1 ﬁ%aﬂﬂ




M13199 3.25 Mauaasganai 25 (Delete Hardware)

Use Case no.

25

Use Case Name

Delete Hardware

Actors

T CARM

Pre-Condition

Select Hardware

Post-Condition

Brief Description

1 ~ Y A
aIUUVDINITAY Hardware N Mhﬂ;ﬁ@ﬂ

U

M131391 3.26 M3 WAARYAAAN 26 (Add Hardware)

Use Case no. 26
Use Case Name Add Hardware
Actors ;ﬁ%’am

Pre-Condition

View Hardware

Post-Condition

9

= 9 = A Y
HEANTIYAZIDYAUDYAUDN Hardware 1 ﬂG]fLW‘JJL‘U"Iﬁg‘U‘U

Brief Description

AIUVDINTINY Hardware 1913

M13199 3.27 M31uaasganai 27 (Hardware Permission)

Use Case no.

27

Use Case Name

Hardware Permission

Actors

9
AR

Pre-Condition

M3 Login 08 1usz11

Post-Condition

@ 1 o <
9ANIT Permission A4 €] d1L59

Brief Description

AIUUDINTOYYIA Permission 1HNUH]

Hardware 115201

FuLazIAMINU

29
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M13199 3.28 M3 uaAsgaIAaN 28 (View Log)

Use Case no. 28

Use Case Name View Log

Actors A lFnunezdauaszuy
Pre-Condition M3 Login agluszuy

Post-Condition -

Brief Description AIUYDINMTUTAININTTUAN 9 i %1 UM

33 éaudeﬂszmuﬁ’u@% (User Interface)
AuuednamFuvesszuy dszzneulidae 2 dau Ao Web Application dauveed1Hau
(User) ttag Web Application a aumawf@uai $UY (Admin)
3.3.1 Web Application d?ﬂﬂlﬁﬁﬁfﬂ%ﬂu (User)

M3PUGUAIAUVBIA 19911 (Authentication)

f

SORTING AND PICKING SYSTEMS VIA MACHINE LEARNING

ﬂﬁ 3.2 °r’i°|ﬂ!!ﬁﬂ~1ﬂﬁﬂ1§ﬂuﬂuﬂ3ﬂul"l}1ﬁi Uy



SORTING AND PICKING SYSTEMS VIA MACHINE LEARNING

SORTING AND PICKING SYSTEMS VIA MACHINE LEARNING

31

Please en h for y
Get Verify Code

d' 4 A LY
i‘iJ‘Vl 3.4 nuaAINanIMaNInaNIu

Y
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f'

SORTING AND PICKING SYSTEMS VIA MACHINE LEARNING

d’ 4 g.’l \ U ) | N U )
31.]1’1 3.5 ninuananamsaamstar Ul vainsalansHar

' A o oo Y 1 A Y ~ o Y] v v
ﬁ’]u"l]’ﬂiﬂ'l‘iEJUEJHGYJGIHL‘U'I’Qi%‘U‘]J “lumm‘n;ﬁ%mlﬂamzmﬂuﬂmzuuua’; Pﬂﬂf\i'mﬂ’ﬂﬂ

U

H v 1
n39N Email 11az Password Nasnzidion 13duszun a1miudanatly Log In tiveviinsidng sz

uazdminnsendoyagndos szubIzudaIRagniranvesszuy win higndesszuuazuda
A 9 Ay Y A 9p 9 ooy = Yo v Y o
Niimsnsendoyad lugndes Tunsaingldandshildamedionifvszuy gldauezdoni

9
msasnzdeuiuszuuneu MnuIhimstududaudgszuyla
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' :°',: ‘ 2 SORTING AND PICKING SYSTEMS
VIA MACHINE LEARNING

51U 3.6 niNuaaINaan

U

9 Y 9 [ 2 g 9 A [ o
RUIMANUDITL UL (Home) IUAAINUINANUDITSUU FUY UM WTNNRONAIINIT
9 1 1 o w 9 Y 9 [

MIGIEUY Tﬂﬂﬁmgmm(Gﬂam@mmﬂmﬂﬂmm) 1/52noUAIY Home LAAIHTIHANVDI
. Y . . Y .

32U, Counting 32 UUILLUIY Counting Process , Classify 3&UUILLUG Classify Process , Pattern
3 A Y A o = . Y 1 .

iWhayiveud 1y Pattern Ngmiuiin‘l3lusz vy, Leaming 5311921914 Learning Process , Dataset

) A Yy ] ' Y adad A o 9 =

SUTANTIYNITUDYA Dataset ‘m‘g“luizuu , Search Gl%ﬂuﬂﬁl'ﬁ)ll“aﬁN”]ﬂﬂﬂﬂﬂl?iﬂﬂiflﬂWﬂuﬂ1ﬂ

@171y , Notification 191daIn1513U1A0UA19991N52 DU, ManageProfile 328 1un153an1590ya

daudvesd lanuuaz ldmeeonainms ldnuszuudiemy Log Out
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Home Counting Classify Pattermn Leaming Dataset Lo i W 4

My Profile

& Pichaya kool

& Ppichayala

& pitchayala@gmai com

.
& Company v
& UserPurpose v

Edit Profie

Counting Classify Pattern Learning Dataset

Edit Profile

Fullname

b

& usemame

Emai

)e

L Passuom

& Confim Password

& Company -

L UserPurpose v

317 3.8 huaaswamsnlasuu/asteyadiud
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< 1 @ 1 @
WudiuvesnssamsdoyadIua1ueed 14911 (Manage Profile) @115 DLAATDYA

druf1v094 1991U (ViewProfile) § 1901uain1soud ludoyadiudald Tagnisnaniu

Edit Profile
Home Counting Classify Pattern Learning Dataset Q a
~ Refine by
= L )
Rem em Rem : Beam Rem : Beam Mem  : Beam em : Beam
Size:0=100 Type beam Type ‘bearn Type beam Type beam Type : beam Type  : beam
Size : 2module Stze Sx3-module Sze  : 3module Stze 3-module Size : 3module Sz : 3module
- Type Colour black Colowr : grey Colowr : black Colowr : blue Colowr : green Colour : red

\
\
\
\

nnnnn

s

Curved Panel Wem  : Beam fem  : Beam Mem  : Beam Mem  : Beam Nem  : Beam Mem  : Beem

e Type : besm Type : beam Type : beam Type : beam Type : beam Type : beam
Sze  : 3modue Saze  : Smodule Sze  : 7:module Sz 9mode Sz : Timodue Sz 13module
Colour : yeliow Colowr : grey Colour : grey Colowr : grey Colour : grey Colowr : grey

il
%é’\

\
L)
| ¢
e

dark grey

em Beam Mem em Rem  : Anguier beam fem  : Anguler beam Rem  : Anguler beam
green Type ¢ beam Type  beam Type - beam Tpe : beam Tpe : beam Tpe : besm

Sue - 15modde Sze  : Zmodue Sze - Zukmodue Sze : IxSmodde Sze : MxSmodde Sze  : ax7modie
grey Colour : white Colour : black Colowr : red Colour : grey Colour : white Colour : grey
red
sitver motaliic

- [

311 3.9 vithuaaswayadoya
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Home Counting Classify Pattern Leaming Dataset Qa 8 2
Double angular beam, 3x7-module, white
Item :  Double angular beam
Type :  beam
Size : 3x7-module
Colour :  white
f 8 ( 3
& 59 @ﬂ‘ﬁ g9 gﬁ & 55
f r (3 8 f
G {ﬂjﬁ 5 f‘;pﬁa < /‘; ggﬂ’
DD
& 7 I I I F
a v = ) a
E‘IJTI 3.10 Hiuaadngazieaavaiananyy
Y
AU

Id ' 9 1= A 9

Lﬂﬂﬁ’]ﬂllﬁﬂ\i‘ljﬂ‘ﬂﬂyﬁ (Dataset) ?i'lﬂuliJiJﬂ'li!ﬁ’Oﬂﬂizmﬂalﬂ”] %zllﬁﬂi"lgﬂ‘ﬂ@ Al
Y a = v ' 9 Y A wa P v
ﬂ'lﬁWﬂiJﬂ'lim’ﬂﬂiﬂuﬁﬂﬂﬂnJﬂ53&511’1@11@0] fﬂzu’dﬂwayjamwwmauﬂamﬂmﬁummwpfﬂﬂmm

A A ¥ A A v ) & ) a ) ES v
Qon maz«’flmmmaﬂﬂﬂwﬁuay,a“lﬂﬁuay,aﬂm TUTAINUITIYALIDYAVDIVDYAUY Eﬂﬂﬁ]%ﬁ']il']iﬂ

a ) ) 2 ) g gy v X
g}iwazmﬂﬂﬂlmﬂlﬂga a‘U"Ufz)y,auuuazaugﬂﬂlﬂwﬂyauu%mﬂﬁmu
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Home Counting Classify Pattern Leaming Dataset Q & 2

Assign Pattern By

Create new pattern
Saved Pattern

Auto Assign

51 3.12 wihuaaswai@engUuuumsaanen



Summary Report

Process Status
Done

Onplate

Name
Seam
Beam
3eam

Beam

Y

Beam

Beam

Beam

Beam

38

Classfication
Process Status incomplete 60%  (HIIEEGEG—_—_—
Done 60 piece

Onplate 40  piece

ncompioio 502 (M
60 piece

40 piece

XERXW
gaaan:

Rectified Report

t!' 4 A o k% v
517 3.14 HUNTAINAS HEUANNYNAOIVOIVDLA
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Summary Report
60%
Process Status incompiete 60 % (NG
Done 60 piece
Onplate 40 piece
Beam 15 piece Beam 15 piece Beam 15 piece Beam 15 piece Beam 15 piece

‘]J'?I 3.15 ﬁuulﬁﬂﬁﬂﬁﬁiﬂﬂﬁ‘llﬂuﬁmﬂﬂ1ﬂﬂ15ﬂﬂ!!ﬂﬂ

Home Counting Classify Pattern Learning Dataset Q & 2

Saved Pattern

set your pattern for classify process, select one from following pattern.

Pattern 1 Pattern 2 Pattern 3 Pattern 4 Pattern 5
- box 1 [ ] box 1 - box12 - box 5 ‘ box 1
‘ box 2 J box 1 ’.,giﬁ box34 - box 6 ‘ Box 1
- box 3 L box 2 0 box § = box 7 * box2
< C J box 4 & box 2 - box 6 - box 7 ‘ box 3 7
@ box 5 ‘ box3 ‘ box7 - box 8 . box 4,5
START START START START START

51 3.16 mnuamwasﬂsmunﬁﬂmmnﬂ"lﬂunﬂn"h
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IS { v A2 o
1y Classify Wy ldlumsaauendves Tagdlddeudonguuylumsswunain
H Y H
gunw 3 guun 1dun guuuiadaiuunIng (Create new pattern) , galunufigniiuiinly (Saved

[ Y v
pattern), 3101 TA85E U (Auto assign) Lﬁm‘hmimmgﬂuuuuamumzmummﬁ’aizumz

=1

2 gj [ 3 Qy 1 [

!.'D'JJGULWI’E'Juﬂ'lﬁﬂﬂ!.wﬂﬂulﬁﬁﬂﬁuﬁ%ﬂ%uﬂﬂﬁmﬁﬂﬁﬂﬂﬂﬂ Stop Tﬂﬂl}ﬁ%}ﬂu wumzuﬁmsﬁaya
v o A4 q Yy a Y 1= o 2

ulﬂﬂ?ﬂﬂﬁﬂﬂl!ﬂﬂl‘l/‘lﬂalﬁEﬁ‘lﬂﬂﬁzmuNﬁﬂ?'mgﬂﬂ@\iﬂ@uﬂ\m@ﬂi'lfNTuﬂ'liﬂﬂLLfJﬂﬁﬂellfN (Summary

Report)

31N 3.17 nihuwaaawanannszuINMIHY



Summary Report
60%

Process Status incomplete 60 % (I

Done Plece

Onplate 40 piece
Name Type “olox
Beam Beam 3 Black
Beam Beam 3 Blue
Beam Beam 3 Green
cam Beam 3 Red
Beam Besm 3 Vellow

Rectified Report

Counting
Process Status
Done

Onplate

incompeto 60 % (D

L S 3 N B

r
i
b
4

~ v A o v v
3‘]]7] 3.19 HHNUAAINAYUHSUANNYNADIVDIVDYA

w

(AN AN

41
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Summary Report

60%

Process Status incomplets 60% QD

Done 80 piece

Onplate 40  piece

e & o o @

Beam 15 piece Beam 15 piece Beam 15 piece Beam 15 piece Beam 15 piece

311 3.20 vidhwaaawaazwadeyailaoinmsiiy

. I A Y v o 2 vy g A v
CountlngProceSS!’]JL!!il‘l;}ﬁ/‘lﬂi%u'ﬂ‘ﬂTu’JuﬁﬂﬂlﬂﬂTﬂﬂulilﬁﬂﬂﬂﬂﬂﬂﬂﬂ@uﬂﬂlﬂ‘lg}
o & 4 o v o ]
Classification i%ﬂu%2ﬂ1ﬂ15ﬂﬂﬂ11ﬁlﬂ\1 lﬁﬂ‘VHﬂ']iu‘]J"l]']u’Jul,ﬁii]i]mlﬁﬂ\ﬁ/ﬁj)W]i’Ji]ﬁﬂ‘Uﬂ’J']ﬂJ
Y Y Y a A 9y a a A v 1A ] o 1 S
ﬂﬂﬂﬂﬂelﬁEﬁ"]fﬂ5$L3J‘LlWaLW’E]Gl.G]ﬂJizIJJ‘L!’IJi%ﬁ‘l/l‘ﬁﬂ'l‘wﬂWiu']J’ﬂllﬂ’JnJlliluﬂ']LWENGlﬂ ADIMNUUIT

u

HERA9T1891UMTHUTIU09 (Summary Report)
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Select Device

set your device, select one from following device.

Device_1 Device_2 Device_3 Device_4
deita robot daita robot deita robot deita robot

Auto capture m m

Learning
oo
Process Status incompiete 60 % (D

Done 80 pece

Onplate 40 pece

- -
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Suggest Data Type

set your data type, select one from following type.
or not similar to any type, you can add new type

o - - o

& peg with fricti c peg with friction, Connector peg with bushing, Connector peg, 3-module, beige
2-module, blue 3-module, blue 3-module, red
similarity is 90% similarity is 85% similarity is 80% similarity is 75%

311 3.23 vidhwaaawamsuuziindsziandoya

Add New Data Type

if your data not similar to any type, you can add new type

e

317 3.24 'ﬁmnmmwa!wmamﬂsumvﬂﬁu

. 3 {q ¥ ¥ 4 4 o )] ' i
1y Learning 1wyl lumsisouvounsiouioir 1 s ludiuvouuy Classify

U

A

. ' vy g H o . 4 s £
1a¢ Counting A0 11 Taol¥doudonginsainou 91 UsLUDILYINT Learning tlota3vdu
o AN o Y 2K o A AN Y o . [ @
JEUVVITHUUSUT Data Type Vlllﬁﬂ‘]elﬂ!gﬂﬁ']ﬂﬂa\iﬂﬂﬁ\iellﬂﬂﬂllﬂﬂ'lﬂ'ﬁ Learning 41 ‘ﬂ']ﬂllllﬂa']ﬂﬂ‘u

Data Type ¥iialaae §1¥911a115010 Data Type Yo3v03a 1 ldiog
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3.3.2 Web Application a319294gasz UV (Admin)

SORTING AND PICKING SYSTEMS VIA MACHINE LEARNING

Welcome , Please Log In

510 3.25 wihuaaswamsauduiinuing sy

Y

9
ﬁ’)ﬂ*\]ﬂ\iﬂﬁﬁl&ﬂl&ﬂ’)ﬂﬂﬁ%@ﬁ%ﬂ1J izﬂﬂ&gl}i’)\iﬂ‘iﬂﬂ Email 118¢ Password 19U 91NHU

U A o A v @ Y 1
ﬂﬂﬂ.ll Log In (N@MNITEUIUAINUINNGISUY
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SORTING AND PICKING SYSTEMS
VIA MACHINE LEARNING

519 3.26 viThuaaWanan

U

9 [ 9 [ 2 g 9 A @ o

HUIHANUDITLUY (Home) ITUAAIHUINANUDITS UL GIf\u‘]JUWH'ILﬁﬂTIH]@’I’TaQi]'IﬂT]'I
9 1 1 o w 9 Y 9 [

madgizun Taslwyaeg (Goadwuningielua) dszneude Home naasnimanyos
a9 Y o wa A = o o @
J¢UY, Logs 9&HEANTIYNIT Logs “lngqju,aiznnvlﬂmmgmwrimﬂaauuﬂmmﬁmmiﬂuqﬂﬂim

' A o 9 =K J 9y I
AN Glu‘izuu , Request Llﬁﬂﬂi’lﬂﬂ'ﬁiﬂ@uﬂﬁﬂ’lﬂl’ﬂﬁl’lﬂ\?@lﬂﬂimﬂ'lﬂm%\ﬂu , Manage Profile uJu

A o o o Y A 9 9
mynglumstamsnuginisl luszuw, Log Out laiessnainmslsaussuuaemy

Y
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View Logs

51U 3.27 HINUAAIIILAZRYANINT TN

U

I ~ a a ' Aa X o o '
LﬂumgﬂﬂzuﬁﬂﬁiwazL@ﬂﬂﬂﬂﬂiihﬁwﬂ%Lﬂﬂﬂjuﬂuqﬂﬂimiu‘izUU BH NI

Y Y q 9 s .. $ o S Y 4 I
Fovorin1491nsal (Permission) , M3vumveortlumivesginsal (Owner) iudu Tuns ta

U

szuvdesmslasundawd lvaozaesnanssuhn Idi lUuds eansaii 1@ Tasnatfu Change
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Request

Y o d
317 3.28 nihwaaawamdesvarinaginsal

A ¥ ) ] o Y 1 o ¥ ) '
mamfmmmmmummqﬂmmimzumzmmmmiawam RAUATSUUNBU NN
¥
4

¥ 1o Y a oy v
I?;ﬂ“lf\ﬂuﬁ'\‘lﬂ15®\1"ll’ﬂljﬂ°]_lﬁ’ﬂﬂlm’3

U
) 7 4 ]

A a fa 4 {
wingd [ iesverdndeginssiiiansnez ldnugilnsainmaniuzildiove

o [ o ¥ 9 Y
UATZUVIZIINIIANTAIS 09U89 1 1F91uA 811y Request
AAUAszUUIZNG
o 4
l

d'l d' o Y 1Y 1 1 9 [P=N a"d‘ = 9
‘VI“]J}J Approve IWDDUNUAAITDIVDAING LL%WWﬂEﬁ%Q11!11]1]?(1/]‘ﬁ1/]%8&6111i]\1@‘ﬂﬂ‘i HALRISUUIT

Q

o a o ¥ 9 d' [
Mmslreasisesvenisn1snanilu Deny
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Home Logs Request Manage Device Log Out

Manage Device

8] u] o
1D : 12345678910 1D Tmmm- 1D : 22222222222 1D : 33333333333
Delta Robot001 Delta Robot002 Delta Robot003 Delta Robot004

1] 0 o o
1D : 44bbbbebelelslely ID : 555555655555 1D : 66666666666 1D : 77777777777
Delta Robot005 Delta Robot006 Delta Robot007 Delta Robot008

a o 1] o
1D : 88888888888 1D 99999999999 1D 12345123456 1D £ 23456234567
Delta Robot009. 8 Deita Robot010" Delta RobotO11 Delta Robot012

o o @ ) 2 ya g ¢
EJ.“!Lﬁizﬂﬂfl]%ﬁ]ﬂﬂ'li@‘l]ﬂiﬂ‘lﬁ'lﬂo](luﬁSUTJ"lWl]'lﬂﬂJHu Iﬂﬂlﬂl“}ﬂzﬁlﬂlaﬂﬂﬂuﬂ'l’ﬁ!ﬂﬂim

v ¢ 1y 1a @ ) s & Ao
A8 ID "lJ'E]\iQﬂﬂim Lmﬂ'l‘l’i'lﬂllﬂﬂﬂ'liﬂi’ﬂﬂ 1D "lJENQ‘]Jﬂim 53‘]JiJ%Sllﬁﬂiﬂlﬂgﬂ@‘ﬂﬂimﬂiﬂﬂﬂﬂu
' ) a ¢ 1 2 yyy ) p 'R
ag“lmzuu QﬂllﬂiZ‘U‘]Jﬁ'liJ'lﬁﬂ{:]i'lﬂﬂ%L’t’)ﬁlﬂ‘llENQ‘]Jﬂiﬂl !Wla8“]514119191’]Elﬂ'lﬁﬂﬂl“ll'lllﬂﬂ’l’;lﬂﬂﬁﬂluu
4

9
%

~ v A o '] S Y A
20 QQ Llaﬁz‘]J‘]Jﬁ'liJ'lﬁflLWiJQ‘].Iﬂiﬂ!GlﬁiJL‘lJ'153‘]J‘]J!Lﬂ3a‘]JQ‘].Iﬂiﬂ!Wuﬂgllﬂﬂﬂiﬂ']ﬂﬁgﬂﬂulﬂﬂ'lﬂml;}u

d d
3.4 MNIINVYDITNIAULIT
34.1 grudmSunsginsel
o dy AAq Yo @ 2 o A A
msvareiunnlddrmsuiedawes siuilugidnsanlamaen iiesnnuauna Delta
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Rule Track Width  Clearance  Via Diameter Via Drill Diameter Track Length
Default 0.25 0.186 0.61 0.32
v 0.4 0.25 0.61 0.32
Power 15 0.3 0.61 0.32
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UNN 4

N1IINAAdIUUACHANIINNADN

4.1 NAAINENNAY Raspberry Pi

4.1.1 gmlszasAmsnanes

ienAaaUNa11150 1% Raspberry Pi 79m13 19 Webcam a1ea1n 1aasa

4.12 3mInaaog

o . Y 1 Y {
U1 Raspberry Pi 4161911 Webcam HaTNAReIneNINAIe laus s OpenCV

import os
import cwv2
from classification import settings

def capture_image():

if not os.path.exists(settings.ASSETS_ROOT):
os.mkdir(settings.ASSETS_ROOT)

filename = settings.ASSETS_ROOT + 'Snapshot.jpg’

cam = cv2.VideoCapture(@)

ret, image = cam.read()

if ret:
cv2.imwrite(filename, image)

cam.release()

57 4.1 Tlsunsanliam3vdsl# Raspberry Pi a1e31

U
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1. 19913 %u InRange Y99 OpenCV fUAWAB18 (U7 4.3) 11i©WIN15 Thresholding 11

=

9 a = [
ITUUBUIIUTVBIAS T T ﬂ\ii‘ﬂ‘ﬂ 4.4 18 4.5

U
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5. dnduasad lduideniiswaiduasaesvegiuiogseuuen aagili 4.9
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7. l9qadad launeuni ilomauavesgdlnilunsh Perspective Transform
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= gy & 1 A o .
519 4.3 gruRlsNeBuarenaasamsm Perspective Transform

Y a9

img_hsv = cv2.cvtColor(img, cv2.COLOR_BGR2ZHSV)

low_orange = np.array([e, 9@, 11&])
high_orange = np.array([2&, 255, 255])

orange_line = cv2.inRange(img_hsv, low_orange, high_orange)

plt.figure()
plt.imshow(orange_line, cmap="gray')

<matplotlib.image.fxesImage at 8xlfdac2obfog>
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img_hsv = cv2.cvtColor(img, cv2.COLOR_BGR2ZHSV)

low_green = np.array([48, 98, 118]
high_green = np.ar Pay([gcJ 23:, 25

lu —

D]
green_line = cv2.inRange(img_hsv, low _green, high_green)

plt.figure()
plt.imshow(green_line, cmap="gray')

<matplotlib.image.AxesImage at OxlfdecS5e3e88>
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‘Ijﬁ 4.5 M3 Threshold Vo UTAeN

orange_edges = cv2.Canny(orange_line,58,158,apertureSize = 3)
green_edges = cv2.Canny(green_ line,58,158,apertureSize = 3)

= plt.figure(figsize=(18, 8))

.add_subplot(1l, 2, 1)
.title( 'Canny Orange Line')
.imshow{orange_edges, cmap=
.add_subplot(1l, 2, 2|
.title('Canny Green Line')
.imshow{green edges, cmap="gray"')

.gray.)

=R ] -h':J'U =+ —h
Lo L= T o ol ¥ L= L

<matplotlib.image.AxesImage at Bx1f32853a%48>

Canny Orange Line

Canny Green Line

0 0
200 200
400 400
600 600
80O 80O

0 200 400 600 800 1000 1200 1400

[=]

600 800 1000 1200 1400

ﬂﬁ 4.6 mimvevlaaly Canny edge detection
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minLinelength=188

64

orange_lines = cv2.HoughlLinesP({image=orange_edges,rho=1,theta=np.pi/186,
threshold=168,lines=np.array([]1),
minLineLength=minLineLength,maxLineGap=58)
green_lines = cv2.HoughLinesP(image=green_edges,rho=1,theta=np.pi/188,
threshold=188,1lines=np.array([]).,
minLinelength=minLinelLength,maxLineGap=288)

Orange HoughLinesP

Green HoughLinesP

0 250 500 750 1000 1250 1500 0 250 500 7750 1000 1250 1500

ﬂﬁ 4.7 muma‘n"lﬂmn Probabilistic Hough Line Transform

choosed_lines = green_lines if (np.min{orange_lines[:,8,2]) > np.min{green_lines[:

600

800

0 250 500 750 1000 1250 1500

51 4.8 unssveuveudniaenly

»8,2])) else orange_lines



left line = choosed lines[np.argmin(choosed lines[:,8,2])][@]
right line = choosed lines[np.argmax(choosed lines[:,8,8])][8]
top line = choosed lines[np.argmin{sorted y[:,1])][@]
bottom_line = choosed_lines[np.argmax(sorted_y[:,8])][@]

usable lines = {'vertical_line': {
"top_line': [tuple(top_line[:2]), tuple(top_line[2:4])],
'bottom_line': [tuple(bottom_line[:2]), tuple(bottom_line[2:4])]
b
‘horizontal_line': {

"left_line': [tuple(left_line[:2]), tuple(left_ line[2:4]
"right_line’: [tuple(right_line[:2]), tuple(right_line
}

)1,
[2:4])]

600 800 1000 1200 1400

def line_intersection(linel, line2):
xdiff = (linei[@][e] - linei[1][@], line2[@
ydiff = (line1[@][1] - line1[1][1], line2[e

1[] - linea[
1[1] - line2[

def det(a, b):
return a[@] * b[1] - a[1] * b[e]

div = det(xdiff, ydiff)

if div == @:
raise Exception('lines do not intersect')

d det(*linel), det(*line2)
x = det(d, xdiff) / div

y = det(d, ydiff) / div
return x, y

intersection pts = []

for vertical line in usable_lines['vertical_line'].values():
for horizontal_line in usable_lines['horizental_line'].values():

intersection_pts.append(line_intersection(vertical_line, horizontal line))
print(intersection_pts

[(441.08450055374593, 11.@), (1274.5, 11.@), (221.6916661487788, B832.386@791746039), (1484.685576923077, 851.74230876923877)]

Y

311 4.10 gadiave uduas Il
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def four_point_transform{image, pts):
# obtain a consistent order of the points and unpack them
# individually
rect = order_points(pts)
(tl, tr, br, bl) = pts

# compute the width of the new image, which will be the

# maximum distance between bottom-right and bottom-left

# x-coordiates or the top-right and top-left x-coordinates

widthA = np.sqrt{((br[@] - bl[e]) ** 2) + ((br[1] - b1[1]) ** 2))}
widthB = np.sqrt{((tr[@] - tl[e]) ** 2) + ((tr[1] - t1[1]) ** 2))
maxWidth = max{int(widthA), int(widthB))

# compute the height of the new image, which will be the

# maximum distance between the top-right and bottom-right

# y-coordinates or the top-Lleft and bottom-Lleft y-coordinates
heightA = np.sqrt(((tr[@] - br[8]) ** 2) + ((tr[1] - br[1]) ** 2))
heightB = np.sqri(((tl[e] - bl[e]) ** 2) + ((tl[1] - bl[1]) ** 2))
maxHeight = max(int(heightA), int(heightB))

# now that we have the dimensions of the new image, construct
# the set of destination points to obtain a "birds eye view",
# (i.e. top-down view) of the image, again specifying points
# in the top-left, top-right, bottom-right, and bottom-left

# order
dst = np.array([
[e, e],

[maxWidth - 1, @],
[maxWidth - 1, maxHeight - 1],
[@, maxHeight - 1]], dtype = "float32")

# compute the perspective transform matrix and then apply it
M = cv2.getPerspectiveTransform(rect, dst)
warped = cv2.warpPerspective(image, M, (maxWidth, maxHeight))

# return the warped image
return warped

200 400 600

\ ¥ o

g‘l.l‘ﬁ 4.11 gﬂn'em-'ﬁmm Perspective Transform
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Y
wugnneliaadu fuwal¥nis Segment Tﬂﬂmﬁﬂmammmquu"lummmuam@qaaﬂmﬂﬂu

Taaag1a 4.12

317 4.12 ans Segment vos3UNIngAANY
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4.3.3 NamInaaoy

317 4.13 Wam3 Detect 319aely Tiny Yolo 49z Yolo maééiy

UG

A < Y N . ¢ a 1 9 ]
%1ﬂ§ﬂ1’l 4.23 ﬂZLﬂul‘lﬂ'J']NaaWﬁﬂllﬂﬂ']ﬂ Tiny YOLO uuWﬂwmﬂﬂauﬂnwmvm

1 g’/ S 9

awnsoih 1 1dan1d @ yoLo sinldknadwifdend1s@nil uanso Bounding box voeing

o a 2 de'

3’; [ ~ 3’, v A I a" = = I
' liifiosnssdnndal ingaanuu1asuign Detect opnuIUFWAY Feo19aziuman1nInms
muTuaa liwe
43.4 agdwaminaass
[ 9 . A [ ~ a [ Y A .
Tiieunsaldaiu Ting YOLO 11ag YOLO 1o Detect Jagniogaani 1 1109910 Tiny
é’, 9 o P = [ g’/ o a Y Y v a
YoLO uliimadwsnludwe d2u YOLO wusududealdnswernslumsmsuandula uag

lsieunsasuuY Raspberry Pi 18
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4.4 naaeansuluaa ML Classifiers taazlaaaaifSaumeaunnauuiuen

¢
4.4.1 i}ﬂﬂ’i%ﬁx‘iﬂﬂ1i‘i’lﬂai’)x‘i

iienaaeulmaalafimuzauivanuendssnniudiuideans
442 I5MINAavY
af19Turaa Logistic Regression(LR), Linear Discriminant Analysis(LDA),
KNeighbors(KNN) Decision Tree(CART) Random Forest(RF) GaussianNB(NB) Support Vector
Machine(SVM) Extra Trees(ET) Gradient Boosting(GB) AdaBoost(AB) Quadratic Discriminant
Analysis(QDA) Perceptron(PER) XGBoost(XGB) ﬁﬁumué’ 1 1Uimsudae Dataset GIJfN“T;}ud 311!17;
ﬁﬂ\‘]fﬂil!ﬂﬂ ﬂ?ﬂﬁﬂ%ﬁﬁ'ﬂl'ﬂlﬁfﬂJlﬁfﬂJﬂ'JTNLLijuij‘llﬂ\ill@iaziiJlﬂﬁWaﬂ”ﬁﬂﬂaﬂ\i

4.4.3 WamMInaaoy

LR: ©.843974 (8.873279)
LDA: ©.135357 (@.876888)
KNN: ©.0208526 (©.816528)
CART: @.117793 (@.874538)
RF: ©.103658 (©.879538)
MNB: ©.118686 (©.872868)
SVM: 9.0elc8e (@.894808)
ET: ©.101247 (8.885346)
GB: ©.895387 (8.862917)
AB: ©.801864 (8.883191)
QDA: ©.021333 (@.0e2149)
PER: 9.0086133 (2.018488)
XGB: ©.13723@ (@.891774)

Machine Learning algorithm comparison

0.30 o o

el
ET@¥¥%O¥UOA°

LR LDA KNNCART RF NB SVM ET GB AB QDA PER XGB

02549 ©

0.20
0.1

0.1

wn

=)

e
=)
=

0.00

317 4.14 wamsmsulanaa ML Classifiers

110317 4.14 AonusAeFedovoaas Tuaa awdreannuuiud manudisunu
<] X ) 1 1 )
139 10evTuIuaD) Hazni 1w Box & Whisker #11u1aa XGBoost HuLMANUMLUEZIg
4.4.4 apdwaminaasy

A 9 d‘ = ' o
wenl¥luea XGBoost iHAIINUANULNUIIGIFA
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4.5 naaeutSuUMaUANUUNUEITZ1II19 XGBoost 1182 Xception (Convnet)
4.5.1 ymlszaesAmisnanes
ienagou luaalatinnuuiudigenimezmunzaunums 1
4.5.2 IEMInAaeg
A [ 9 3’, = o =
m3uTuaa XGBoost ag Xception NUTUuLE7 vndudIathufSeumnesuaiu
U

4.5.3 WamMIinaaoy

Model Performance
Average Error: 1.4952 degrees.
Accuracy = B.33%.

51 4.15 wamsnaaauluaa XGBoost

U

Test loss: 8.1514571876631546
Test accuracy: @.9576044783224158

511 4.16 wamsnaaevluAa Xception

U

4.5.4 azdwaminaasy

A 9 . d‘ = 1 o [
Laaﬂi%TlnﬂaijepnonLuaﬁﬂ1ﬂuﬂ31nuuuﬂ1q0ﬂ31
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4.6 MsnaassSaNvauuna IaamstlasunnueveavUnaunaza I
4.6.1 ﬂﬂﬂﬁzﬁﬁﬁﬂ‘lﬁﬂﬂaﬂﬁ
A ~ v Y v Y VoA
LW@Wﬂﬁﬂﬂﬂ'J'lllEJTJ‘VIL‘Vilﬂg'ﬁlIGUENﬂ'l‘L!IfJ\Wﬂu'U‘L!Lla$ﬂ1u183ﬂ1ua1ﬂﬂlﬂﬂ1$ﬁﬂ sy
awnsoraldidseaniamunniga

4.6.2 35MINAADY

Column names : z
RepRap firmware : X, Y, Z Gamma
Smoothieware : Alpha,Beta, Gamma c
Repetier : A, B, C

X,Y,Z are boards
Connexions names

+Y,

XY =00
+X

X
Alpha Beta
A

= A A
5UM 4.17 Mmunsaasmsnasunvesmenvuna

Y

Y
¥ UAIU Lego Mindstorms NXT 11¢031804A0817984A 14 Togauuuaziu e

Y 1 A o dy
ATUAN NANVYI AU

M15199 4.1 MIWAAIVHIANT UM NARR ANN-BATZUZUUYUNA

Fudau shnfi 1 | geunii2 | glini 3
Actuating Arm (rf) 23 cm 23 cm 17.5 cm
Passive Arm(re) 24.5 cm 19.5 cm 24.5 cm
Base Radius (f) 10 cm 10 cm 10 cm

End Effector Radius (¢) | 4 cm 4 cm 4 cm




4.6.3 NaNINAaog

= Aoy A A = '
M1919N 4.2 m‘mutmasgﬂzvm1"lﬂmamaaasﬂaﬂummmwunammﬂmaq
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ANYULLUUNG

(AN Model Delta Robot )

A
TITYSNUIUNA

2
VUG

7

A
SYSNLLVUNG

b
asnga

a4 A 4
TTYSNNULIUNANADUN

' o A
UNIAAUINA NN

A w q

Actuating arm (rf)= 23 cm
Passive arm(re)= 24.5 cm
Base radius (f)= 10cm

End Effector radius (e)= 4 cm

25 cm

46 cm

22.5 cm

Actuating arm (rf)= 23 c¢cm Passive
arm(re)= 19.5 cm
Base radius (f)= 10cm

End Effector radius (e)= 4 cm

20.5 cm

42 cm

20 cm

Actuating arm (rf)=17.5 cm
Passive arm(re)= 24.5 cm
Base radius (f)= 10cm

End Effector radius (e)= 4 cm

21 cm

43 cm

19 cm
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ANHAULLVUNE

(Gl,“l’f} 77 Kinematics Calculations)

< ]
TTYSNUIUNAVY

langaga

sTgENUUUNAAY

]
=

ladinga

A A4 A
TTISNNUVUNAUNDDUNIN

7 =
yaqudnanlnaig

U q

Actuating Arm (rf)= 23 cm
Passive Arm(re)=24.5 cm
Base Radius (f)= 10cm

End Effector Radius (e)=4 cm

7.8 cm

38.7 cm

40.7 cm

Actuating Arm (rf)= 23 cm
Passive Arm(re)= 19.5 cm
Base Radius (f)= 10cm

End Effector Radius (e)=4 cm

6.5 cm

22.1 cm

21.8 cm

Actuating Arm (rf)=17.5 cm
Passive Arm(re)= 24.5 cm
Base Radius (f)= 10cm

End Effector Radius (e)=4 cm

12.9 cm

35.8 cm

16.1 cm

4.6.4 agdwaminaasy

= v v v Y, oA
AN VIZAVUDINTU I UUULAL AU oI U NHNIE TN LAZAINITD

o Y a A ~ A
ﬂ?ﬁTUqﬂNﬂﬁgﬁﬂ‘ﬁﬂTWMTﬂﬂﬁm f19

v
=

A151ah 4.3 mﬁmuermergilwamﬁmaawawmmmunaﬁmmxauﬂqﬂ

~
ITYSNUIUNA

[l
=

a4 A 4
TTYTNNUIUNAAADUN

ANYUSLUUNG JggeNLIUNG
(A1221910 Model Delta Robot ) éﬁuqaqﬂ asniiga Wegagudnaniig
Actuating Arm (rf)= 23 cm
Passive Arm(re)=24.5 cm
25 cm 46 cm 22.5cm

Base Radius (f)= 10cm

End Effector Radius (e)=4 cm
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4.7 MINARDINIVAN Stepper Motor InelFuo5a Raspberry Pi
4.7.1 ﬂﬂﬂﬁgﬁﬂﬂdﬂ'ﬁﬂﬂﬁﬂﬂ
{floNATOUNIAIUAY Driver DRVSS25 1ito 1911 15q0n13951914904 Stepper Motor
FUVD3A Raspberry Pi

472 35MINAan

311 4.18 299515l umsnaaeun1sAILAN Stepper Motor



V= [TV B SO VY Y

from
impo

ENa
STEP
DIRG

EN1
STEP
DIR1

ENZ
STEP
DIRZ2

W =
CCW
SPR

GPIO

GPIO
GPIO
GPIO

GPIO
GPIO
GPIO

GPIO
GPIO
GPIO

GPIO
GPIO
GPIO
GPIO
GPIO
GPIO

step
dela

for

slee
prin

GPIO
GPIO
GPIO

time import sleep
rt RP1.GPIO as GPIO

= 11 # Enable Driver GPIO Pin
@ = 13 # Step GPIO Pin
= 15 # Direction GPIO Pin

= 36 # Enable Driver GPIO Pin
1 =38 # Step GPIO Pin
= 49  # Direction GPIO Pin

= 28 # Enable Driver GPIO Pin
2 = 31 # Step GPIO Pin
= 37 # Direction GPIO Pin

1 # Clockwise Rotation
=8 # Counterclockwise Rotation

= 200 # Steps per Revolution (368 / 7.5)

.setmode(GPIO.BOARD)

.setup(EN®, GPIO.OUT)
.setup(DIR®, GPIO.OUT)
.setup(STEP@, GPIO.OUT)

.setup(EN1, GPIO.OUT)
.setup(DIR1, GPIO.OUT)
.setup(STEP1, GPIO.OUT)

.setup(EN2, GPIO.OUT)
.setup(DIR2, GPIO.OUT)
.setup(STEP2, GPTO.OUT)

.output(ENe, @)
.output(EN1, 8)
.output(ENZ2, @)
.output(DIR@, CW)
.output(DIR1, CW)
.output(DIR2, CW)

_count = SPR
y = .802

% in range(step_count):
GPIO.output(STEPS, GPIO.HIGH)
GPIO0.output(STEP1, GPIO.HIGH)
GPIO.output(STEPZ, GPIO.HIGH)
sleep(delay)
GPIO.output(STEPE, GPIO.LOW)
GPIO.output(STEP1, GPIO.LOW)
GPIO.output(STEP2, GPIO.LOW)
sleep(delay)

p(-5)
t("end")

.output (EN®, GPIO. LOW)
.output (EN1,GPIO. LOW)
.output (EN2,GPIO. LOW)

317 4.19 WsunsudmisulFlunmsnaaeuniugu Stepper Motor
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473 WaMINARLA
o a9 Y v
asafua GPIO NdeamsazlHTunsaiugy Stepper Motor lalageninsaningy
o 4 J Yo . Yo 4 Y
soUMITNuUeINees uazi1e 1W1¥n Driver DRVS825 12vDC ldnunemesuen 1
4.7.4 ajdwaminaasy
J a I3 1 .
amnsnldueia Raspberry Pi #1130A7UANAANI $1491U50U HIY Driver DRV8825

A Y 4 4 a o
LW@i%iuﬂWiﬂﬁ‘UﬂM Stepper Motor llﬂ L!.ﬁZﬁ'm'liﬂﬂ'J‘UﬂNilﬂlﬂﬂivlﬂf)ﬂN@ﬁﬁZ%'lﬂﬂu

4.8 MINADINIVAN Servo Motor Iaaliuaia Raspberry Pi
4.8.1 ?‘ﬂﬂﬁgﬁﬁﬁ,ﬂ'ﬁﬂﬂﬁﬂﬁ
iilenAaoUNTAILAY Servo Motor 71 1HifleA T LAY nazildeufiamanuuiy Tay
AANAIULDIA Raspberry Pi

482 I5MINAa0

317 4.20 2995015l umsnaaeuMsAILAN Servo Motor

U
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import RP1.GPIO as GPIO
import time

GPIO.setmode(GPIO.BOARD)
GPIO.setup(33, GPIO.OUT)
p = GPIO.PWM(33, 58)
p.start(7.5)

try:
while True:
p.ChangeDutyCycle(7.5) # turn towards 9@ degree
time.sleep(l) # sleep 1 second
p.ChangeDutyCycle(2.5) # turn towards 8 degree
time.sleep(1l) # sleep 1 second
p.ChangeDutyCycle(12.5) # turn towards 186 degree
time.sleep(l) # sleep 1 second
except KeyboardInterrupt:
p.stop()
GPIO. cleanup()

517 4.21 WsunsudmsulFlumsnaaeuniugu Servo Motor

U

4.8.3 WamMIinaaoy

9
ﬁ'”l‘ll"lii]ﬂ?‘]_lﬂiﬁ’f)‘]_lﬂﬁﬁ"lﬂusll’t)\‘] Servo Motor Lm%ﬁTJJﬁﬂLLfJﬂllV\ILafNGUfN Servo Motor

Y )
il W@eauen ooty lulinouInsamesnannudee1a

4.8.4 agdwaminaass

4 a
a1150191030 Raspberry Pi @11150A2UANAANI Servo Motor 1a

4.9 M3INARARIFUM Sensor W11 IC MCP3208 IaelFuosa Raspberry Pi

¢
4.9.1 Qﬂﬂi&’ﬁx‘iﬂﬂ1§1’lﬂaﬂ\‘i

4 o J 4 J 1
WONAFOUNTTUA Analog U4 Sensor Taolsd Raspberry Pi iesvinueia luamnse

511 Analog 18 Taensa3es1iudeald 1€ MCP3208 M1i)1 Analog to Digital Converter 1o @

WY Serial Peripheral Interface (SPI) ﬂ%ﬁﬂiuﬂﬁ%ﬂﬁ1ﬁmﬁ}ﬂg1mmﬂ Sensor



4.92 35MInaaog

i 4.22 2905 lumssrum Analog 910 IC MCP3208

1 from mcp3288 import MCP3288

2 import time

3

4 adc = MCP3283()

5

6 while True:

7 for i in range(2):

8 print{"ADC[{}]: {:.2f} .format(i, adc.read(i)))
9 time.sleep(8.5)

16

317 4.23 Tlsunsudmsullumse1un Infrared Sensor

4.9.3 NaMInaasd
5TV Analog 910 Infrared Sensor &
4.9.4 adwaminaass

annsalfuesa Raspberry Pi 81U Infrared Sensor 18
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d o di H d o o H
4.10 NAad9l¥WINTY Inverse Kinematic 1votaguosrvosnamas g admvian

MrUAMIN x0,y0,20
Jd
4.10.1 i}ﬂﬂ’i%ﬁx‘iﬂﬂ1i‘i’lﬂai’)\‘i
A 9 o 1 = 4 @ o T Ao
me“lﬂumammmmm Theta uaznJaﬂummmmmmm”lﬂmmuwumﬂmuﬂmu
XO,yO,ZOl1é¥

4.10.2 A5MInaaea

# DELTA ROBOT CONFIG

e = 4.0
f = 10.0
re = 24.5
rf = 23.0

default_motor = [@,8,8]

box = [[0,0,0],
[E))O)@])
[E),B,@],
[@,0,@],
[8,0,8])
[9)9,@])
[E),B,@],
[6,0,8],] # box[@-7] for release you can config position

519 4.24 HAAINIAINVHIAVD VLN Delta Robot

L'

# Trigonometric constants
s = 165%2

sqrt3 = math.sqrt(3.e)
pi = 3.141592653
sini2e = sqrt3 / 2.0
€0s5120 = -8.5

tanee = sqrt3

sin3e = 0.5

tan3e = 1.0 / sqrt3
B e

gﬂﬁ 4.25 HAAINIIAIUIN Trigonometric Constants



def angle yz(xe, ye, z0, theta=None):
yl = -0.5%0.57735%F # /2 * tg 20
y@ -= 8.5%0.57735%e # shift center to edge
#7 =a+ b¥y
a = (x0%x@ + yo*ye + z0*z@ + rf*rf - re*re - yl®yl) / (2.0%z0)
b = (y1-ye) / ze

# discriminant
d = -(a + b*y1)*(a + b*y1l) + rf*(b*b*rf + rf)
if d<e:
return [1,0] # non-existing povar. return error, theta

= (y1 - a*b - math.sqrt(d)) / (b*b + 1) # choosing outer povar
zj = a + b¥yj
theta = math.atan(-zj / (y1-yj)) * 180.0 / pi + (180.0 if yj>yl else ©.0)

return [@,theta] # return error, theta

51N 4.26 Wanwﬁal"ﬂum5mmmumma~uu

def inverse(xe, y@, z@):

thetal = @
theta2 = 0
theta3 = 0

status = angle yz(x@,y0,z0)

if status[e] == @:
thetal = status[1]
status = angle yz(x@*cos120 + y@*sinl2e,
y@*cos12@-x@*sinl2e,
z0,
theta2)
if status[e] == @:
theta2 = status[1]
status = angle yz(x@*cos120 - y@*sinl2e,
y@*cosl2@ + x@*sinl2e,
z0,
thetas)
theta3 = status[1]

return [status[e],thetal,theta2,theta3]

“l.l‘?l 4.27 Wan‘mw‘lﬁumsmmmm Thetal, Theta2, Theta3 ﬂlﬂﬁﬂlﬂlﬁﬂillﬂﬁ“ﬂ]

80



4.10.3 damIinaaey

256

PROBLEMS

o,
a,
o,
@,
(e,
(e,
(e,
(e,
(o,
[o,
(e,
(e,
(e,
(e,
re!

[
[
[
[

-87.
-87.
-87.
-87.
-87.
-87.
-87.
-87.
-87.
-87.
-87.
-87.
-87.
-87.
-87.

print(inverse(10.0,10.5,5))

QUTPUT

31339880855586,
31339880855586,
31339880855586,
313392880855586,
31329880855586,
31339880855586,
31339880855586,
31339880855586,
313392880855586,
31329880855586,
3133988855586,
31339880855586,
31339880855586,
31339880855586,
313392880855586,

DEBUG CONSOLE

56.
56.
56.

56

56

56

.36363820087381,
56,
56.
56.
56.
.36363820087381,
56.
56.
56.
56.
.36363820087381,
56.

TERMINAL

36363820087381,
36363820087381,
36363820087381,

-78
-78

-78
36363820087381,
36363820087381,
36363820087381,
36363820087381,

-78
-78

-78
36363820087381,
36363820087381,
36363820087381,
36363820087381,

-78
-78

-78
36363820087381,

.62192987634648]
.62192987634648]
-78.
.62192987634648]
-78.
.62192987634648]
.62192987634648]
-78.
.62192987634648 ]
-78.
.62192987634648]
.62192987634648]
-78.
.62192987634648 ]
-78.

62192987634648]

62192987634648]

62192987634648]

62192987634648]

62192987634648]

62192987634648]

a o A 1 9 o do | o 1 v
51]7] 4.28 NﬁﬁWﬁ!N@ﬂQﬂﬂﬂﬂUﬁﬂﬂTu inverse ATHIUAIDIAIVDIUIANAS Y

U
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o [ ~ ] o 9 o d v 1 @ I 1 a
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5.1 unajy

5.1.1 MIMNUUVDITZUY

[
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] H ' 9
FUNNMING199TngidesnsfaLenasuuman 911U Raspberry Pi 97 ludau

Pre-processing ABUAIENITIN Perspective Transform Aumni 1a udaaa Initial View Glﬁ}léflfff! ?

' Y < g Y o A [ ' I ) [ A 9
AU U UIY ﬂ'lﬂuuI%jhlslf‘l’l']ﬂ']ﬁLa'ﬂﬂgﬂllﬂﬂﬂ’]ﬁﬂﬂllﬂﬂ AN UYUTUADUUDINITAALEYN (TUAY

Y =2 o Y = 1 g o o a s A
ﬂ’]ﬁﬂﬁgil'lawaﬂ'lw VI UHWNINITAIVAY Delta Robot Lla'Jﬂ\iﬁﬂﬂ]@uﬁaﬂaﬂqﬂﬂ\u“ﬁwnﬂiw‘lﬂ

Y o ¥ A & o ) Y < v Ay v A Vg Yo =
Llﬁﬂﬂwaﬂlﬁﬂﬂmsﬁ UDAIUVVUADUUDINTTIAALLYNLLAD Wuu')‘llfﬂgllﬁﬂﬂsll@u“ﬁﬂulﬂLW@ﬂlﬁm%Uuﬂﬂ

Y Y K v 73 o w )
HAAMUYNADY udrmaasagwadnsiudinugaieg
5.1.2 anuilasy
1) 185uA05 TuMInIuguN13INTZ1HI19 Hardware 1ag Software

Yo Y o . . .
2) ”lmummgiumw1 Image Processing (l81¢ Machine Learning

5.2 Mayvuazuamanily
A A0 & 0w a o= ' ° Yo o g o .
1) FHDNINATANDIIUUD TN Y NI {l]\inhxlﬁnﬂﬁﬂu'nfﬂ%ﬂlﬂ UN ABINN Perspective

transform NOU

] o o 4 o I @ o
2) higunsald yoLo lumsaaueniag 18 iesninsuiludesldninenssmauunlu
Y ' o A o
m3msuTuea Falumnzausuldsmanm
Aq Y o A a < 9 A 3 '
3) Tuganlslumsvunaou Stepper Motor Hyunatan A2 1% lugannunseuailuaaum
ﬁummmaqaqﬂﬁ Stepper Motor NU
A Y o 4 ] = = 9 A v A A =
4) nszualinnelinuuewes hiddos Jsdeunuaunuilsepwomuanuaios

I 1A A Y A
5) mmaimm"lmwmwammmﬂaaumuﬂa
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