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ABSTRACT

This project is to develop a foam rubber surface defect detection system to improve the
efficiency of detecting defects on foam rubber surfaces. Using automate visual inspection to
checks and summarize reports to entrepreneurs in the rubber foam industry Because nowadays,
quality inspection is generally the use of manpower in the inspection. The efficiency depends on
many factors such as examiner fatigue. The inspection criteria are not the same for each
examiner. This system is designed to help reduce the errors caused by these factors.

The system has three main components: 1) an inspection station. Acquire surface images
of the foam rubber workpiece by using a camera and a robot arm. To detect and classify defect
types with image processing and machine learning. Send the detection results to the server via
MQTT protocol, 2) Server. Analyze defect rates and overall equipment effectiveness by using the
inspection station's information. And display on web applications 3) web applications display the
results of analysis from the server to the users of the system.

The system can collect the results from the inspection station. Analyze the machine
performance and show results to the person in charge, and may this foam rubber surface defect
detection system increase the value of the foam rubber product, and reduce costs in quality
inspection of rubber foam workpieces. For further development approach is to increase the
efficiency in the quality inspection of rubber foam workpieces. Or develop a system that can be

applied to other types of industries.
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2) Three-tier client-server architecture (U5 uvuvHIvosan1fnenssy
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1) Message Queue Telemetry Transport (MQTT)
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2.5.2 Surface defect detection of 3D objects using robot vision
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3.2.2 Use case diagram
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3.2.3 Database schema

? order_id INT

7 created_at DATETIME

v item_id INT

2 produced_date DATETIME

@ defect_type_id INT
Pitem_jd INT
> area VARCHAR(45)

* user_id INT
2 username VARCHAR(45)
< password VARCHAR (45)
7 role VARCHAR(45)

N

 status VARCHAR(45)
7 created_at VARCHAR(45)

P
I

I
o

30

¥ sku_id INT
— =44 2 name VARCHAR(45)
2 unit VARCHAR(45)

m t D
¥ m_dependency_id INT

¥ station_id INT
~name VARCHAR(45)
“ role VARCHAR(45)

@station_op_id INT
7 description VARCHAR(45)
7 @ station_id INT

user_id INT

31] 3.2 Database Schema

d‘ v o Q'J &’
199N 3.1 ﬂ1§Nllﬁﬂﬁﬂ’313»1113»118%90%9&@11&?]151%116\1‘“@ (Orders)

O material_id INT
2 dependency_id INT

m

! station_status_id INT
name VARCHAR(4S5)

Indesss

¥ station_event_id INT
station_jd INT

< station_status_id INT
© value VARCHAR(45)
2 tmestamp DATETIME

e

—n

¥ station_op_id INT
“Vname v(45)

R

Attribute Type Note Description
order_id INT PK
created at DATETIME voniuna3ig order




Y o A
M3 3.2 ﬂ151au’smaﬂanmu121maea’faga‘lumnnsmmsawa (Requests)

Attribute Type Note Description
request_id INT PK
order id INT FK ’i%‘].j’hi”lﬂﬂ”liﬂ”ﬁﬂﬂ order 19
. . ' H Y < a 9
material_id INT FK §$u31518ﬂ131ﬂmﬂ\iﬂ?iaﬂ@]ﬁuﬂ"ﬂﬂ
° 5 94y )
amount INT NUIUTUMNADINT 11 request UH

M3197 3.3 MIWAAIANNHINBVBITOYAlUAITIIAATUA (Materials)

Attribute Type Note Description
material_id INT PK
< a g
sku_id VARCHAR | FK Sku_id ¥odaeaTUAIU
2 a 9 g’J I [ a
status VARCHAR uaﬂﬁmummﬂﬁﬁuﬂmmﬂumqﬂu
1 ' a A < a o 4
@Qiﬂi%ﬁ?ﬁﬂﬁﬂﬁﬁ nsourannum
o A 9 < a Y g}./
created at Date VINIUNTINABATUATUU

M3197 3.4 AT NAAIANNHINBYRITYaluMmITIITeyanIsITaanauA luNITHER

Fumlna (MaterialDependencies)

Attribute Type Note Description
m_dependency id INT PK

. . < a Y A a
material_id INT FK DATUAINIEHAA
dependency id INT FK foagummluingau

M3199 3.5 MIIIBAAIANNHINVBIVOYATUMI314 stock keeping unit YBIFUA (SKU)

Attribute Type Note Description
sku id INT PK
A a F)
name VARCHAR BOAUA
unit VARCHAR NUBUDITUA
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Attribute Type Note Description
station_id INT PK

name VARCHAR Foanil

role VARCHAR wihiivesaoil

d’ Y U =< Y ld' % % =
A1319N 3.7 minuammmﬁmﬂmmmayaium‘nwu‘nnmay’nmﬂ"lﬂmnamu
(StationEvents)

Attribute Type Note Description
station_event id INT PK
. 9 Ao =\ g’/

status_id INT FK TVaian AVNADIUUU
station_id INT FK ADIUNIAM

VAW Y ~
value Float ﬂWﬂ’Jﬂulﬂ%Tﬂﬁfﬂu
timestamp Date FIIANNIANININTDY

d‘ Y < v A 4 =
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(StationStatus)
Attribute Type Note Description
station_status_id INT PK

name

VARCHAR
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M3197 3.9 M5 1UAAIANNHNIBVBITaYal UM IUAUTaYaN IS UV IaDIH

(StationOperationEvents)

Attribute Type Note Description
station_action _event id INT PK

Uszinnmsinuvesamil
station_op_id INT FK . .

1Y 591911 Feuusy Tansod
station_id INT FK aniifidamsia
user id INT FK Adamsihay
description TEXT Mosu1elszneumsmauesanil
timestamp Date Frnafiiamananiil

M3190 3.10 M3uEaIANNINgvesteyalumNutulszianteyamsiauvesamil

(StationOperations)
Attribute Type Note Description
station_op_id INT PK
name VARCHAR foFuIgveIaauznIs ity

a v & Y a v a =
M13149%0 3.11 ﬂ]i1ﬁ!!ﬁﬂﬁﬂ313ﬁ’i3~l1?]5116\1611?)3(‘»!%111491151Q!ﬂ‘]J611ﬂHﬁﬁuﬂ]ﬂﬂﬂﬂNﬁ]]ﬂﬁﬂ]u

(Items)
Attribute Type Note Description
item_id INT PK
1 a [ s A 3’/ ]
VDINIMNANNUNN Nammuueg“lu
material_id INT FK
material lot 19
. . 1 a [ s A g’/ =
station_id INT FK uammammmwwa@uummﬂﬁmu“lﬂ
produced_date Date VaNIUNKARA
. . Ao 9 . gﬂ
dimension uaﬂmumm@‘lmm item UU
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M3191 3.12 MIIWAAINNNHINBVBITOYAl UM UTVTOYAM KUV IFUA (Defects)

Attribute Type Note Description

defect_id INT PK

item_id INT vonHaAS MW
defect_type_id INT veniszinnvesdminny
area YoNVUIAVBIR TN

M3191 3.13 M3 EAIANNHINLVRITayalUMNUfUTaYaszIaNve I HMYBIEUM

(DefectTypes)
Attribute Type Note Description
defect type id INT PK
name VARCHAR Fovoad il
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Attribute Type Note Description
user_id INT PK
A ¥
username VARCHAR FOUD rfﬂ BT
o v Y
password VARCHAR iﬁﬁmumméﬂmm

AR S ARITREAY
role VARCHAR
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3.3.1 System Diagram
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19U Recall Precision F-score
1. k-Nearest Neighbors classifier 95.65% 95.65% 95.65%
2. Decision Tree classifier 73.91% 91.89% 81.93%
3. Support vector machines (SVMs) 71.74% 94.29% 81.48%
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19U Recall Precision F-score
1. k-Nearest Neighbors classifier 97.78% 91.67% 94.62%
2. Decision Tree classifier 88.89% 100.00% 94.12%
3. Support vector machines (SVMs) 86.67% 97.50% 91.76%
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129N Recall Precision F-score
1. k-Nearest Neighbors classifier 91.11% 97.62% 94.25%
2. Decision Tree classifier 97.78% 74.58% 84.62%
3. Support vector machines (SVMs) 97.78% 72.13% 83.02%
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129N Recall Precision F-score
1. k-Nearest Neighbors classifier 94.98% 94.84% 94.84%
2. Decision Tree classifier 88.82% 86.86% 86.89%
3. Support vector machines (SVMs) 87.97% 85.39% 85.42%
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Topic B W PN

/ 603f7b7f952b3f04cd2f8cbe [}

Value | A
> | = QoS: 0
- 07/03/2021
19:41:02
{

"station_id": "603f7b7f952b3f@4cd2f8cbc"

"material_id": "603f7cde952b3f04cd2f8cco)

"defects": [

{
"type": "air-bloated",
"area": 0.905538910920189,
"x™: 1.7160462665669796,
~ "y":5.7510909961365915,

"width":-7.194842104297281,
"height": 1.1515059622036228

M 1

1
Y A 1

31 4.27 dedsdeyavre IR UMNNTINNAMNUASIVARAVN N
v Y

Nive “stations/{station-id}/item”

Topic & W A

stations JA 603f7b71952b3f04cd2f8cbc §ll event

power-consumption

Value [ A

QoS: 0

< 11/03/2021 15:00.08

"station_id": "6@3f7b7f952b3f0@4cd2f8cbc",
"status": {
"type": "power-consumption”,
~ "value": 69.83562407138211
1,
"timestamp": "2021-03-11T08:00:08.785Z"
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Nive “stations/{station-id}/item”
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Timestamp Status Sensor Note
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Operations Defects
Operating Timeline Add logs
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Operating Time
Timestamp Action Note
8/1/2564 10:30:26 initialize initialize

8/1/2564 10:30:40 paused Test pausing 4
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- Defects = Diagnostic

Average defects peritem Most defect occured

0.11 defects air-bloated

Defect Occurence
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Defect Counts
Timestamp Id Type Area =
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Operations Defects Diagnestic

Power Consumption Average  Vibration Average
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Batch Overview
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Batch 5ff7da33bba5cb084edledch X

ITEM NAME PROCESSED FROM STATUS
Test Object 5ff7d1c1bba5cb084ed1ed94 On production

Production Output 93 piece Production Time Elapsed for 39 mins
—

Defect percentage (uncounted from item) :0.27 % Downtime percentage :0.00 %
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= SKU Management O test

Create SKU

1 Testing SKU piece 7 &
2 Blue-orange torpedo piece 7 i
3 Red-white heading piece 7 0
4  Green-blue stick piece /7 0
5  Orange torpedo piece 7 i
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Create SKU
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Update SKU
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Testing SKU

Unit
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Delete SKU?
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Create user

test debug
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