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Torrent of water floods through Dubai Mall as tourists 1 § Dubai Mall

carry on shopping

The heavy downpour in the UAE caused leakage in the world's second-largest shopping centre as rainwater gushed down
through the ceiling
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The network of physical objects that contain

Gartner embedded technology to communicate
and sense or interact with their internal
states or the external environment.

The convergence of machine and intelligent
data is known as the Industrial Internet, and
Yy we work.




The term was first mentioned by Kevin Ashton
of P&G in 1999.

loT Is the network of physical devices,

embedded with electronics, software, sensors,
and network that enables the
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Project 1: Industrial Sensor Box

« To make ease of the data analyzing
of the industrial machine condition
nd the industrial environment.




3 MNode-RED Dashboard b4 +

& = (€ @ localhost:1880/ui/#/0?socketid=8zz2pStlpfSAByuT AAAA

= Industnal Sensor Box

Analog Sensor Sensor Name: MPU6050

Analog 1 Analog 3 I2C Data 1 I2C Data 3
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The aim of the project is to design a cavitation identification
method via Machine Learning for Predictive Maintenance

Ubjectives

> To construct a mechanism for varlables measurement on pump for predictiv

maintenance.

> To design a data acquisition system and Predictive Maintenance alg

> To develop an loT platform to perform automated scheduling system yia data
analytics.

s measurement, data
loT platform, and the

> To analyse and evaluate the performance of the varia
acquisition system, Predictive Maintenance algorith
automated scheduling system.



Problem statement

*current problems with system in placed

Lurrent process

—

Cavitation detection

l

Uses sensor for monitoring purposes only
(Aivaliotis, Georgoulias &
Chryssolouris, 2017).

Wait-and-see approach , reactive maintenance

/N Time spent repairing due to pump breaking during
odd hours

/N Time spent preparing repair SOP



What is Cavitation?




Data acquisition software and
controllers

Software | TwinCAT2 TWinCAT3 | MathWorks | __LabVIEW

Real time capability n/a Available Available Available
Programming
IEC 61131 [EC 61131 MATLAB G-language
language
3rd party
programming n/a Available Available Available
interface
n/a Available n/a n/a
loT n/a Available Available Available

Cycle time 50us (max) S0us (max) n/a n/a

Data Acquisition controller

Flow-rate sensor (PWM) Vibration (Analogue)

Arduino Raspberry

Cé015 CX2020 CX5010 ESP 32
Mega Pi 3B
Intel Intel Intel ATmega256
Processor BCM2387 L6
Atom Celeron Atom 0

2560kb

Memory 160Gb 1GB 448 KB

Persistent

8Gb 512Mb

4kb

0.512kb

128kb 1000kb n/a

memory

Form factor Small Medium Medium Medium Medium Small

loT Yes Yes Yes n/a Yes Yes




Data acquisition sensors

Flow rate sensors comparison

“
YF-B2 YF-DN50

5-18v 5v

‘Flowrate 0-60L/min 5-200L/min

Ouput | PWM PWM

1.75Mpa 1.75Mpa

Vibration sensors comparison

oeciication E—————iio
ADXL 180 ADXL 313 ADXL 335

5 2 3.6

HV I3C Analog

Small Small Small

x Xy Xy

50 2 3




Data acquisition [0 cards

( Beckhoff )

Run LED ..
—
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L &
e
BA
Input 1 ! 6 6
B |
==
0V A8 2y
Power contact —,
+24V ..
[l
GND <« GND
Power contact 0V _ 6 6"
sl s
R -
Shield " 6 '6 <« Shield
ELX06)
BECKMOFF

Top view

Hardware Model mmm
Number of input pin 1

Single-
Technology Differential Single-ended
ended
OmA...... 20m
Nle[sle|B) <N -10v...+10v 4AmA...... 20mA

Operating

Gl Cle UM -25...+60 -25...+60 -25...+60

e (°C)




Comparison of dataset training and testing time
(Bucurica et al, 2015)

Training Testing Accuracy | Resourc
Dataset
time (s) time (s) (%)
O.11 100
Diabetes
SVM 0.128 0.087 98.86 17

ELM 0.215 0.07 90 27
SVM 0.103 0.043 94 38

Predictive maintenance and lol

Node- Microsoft Things
|J|EI’[fIIIPI'ﬂ Dashboard GUI
Azure Board

80

Pricing (RM/ month) 0 65

E Availcble n/a

0

Available n/a

Available n/a




Machine
Learning

Machine Learning vs Deep Learning



Phase 1 (Prototyping)

General process —
Materials selection - Centrifugal pump Pipe parameters Sensors selection
selection selection

- Centrlnf;tz)gdaelﬂfzﬁ ;np — Pipe 3D modelling Final design

Calculation Electr_ical schematic Operating_head Flow simulati_on of
simulation calculation overall design

Commissioning and
testing

Implementation | )

Legend
Overall steps in the general process

Connected part

Next step

Final step




Phase 2 (Data acquisition)

Sensor

Controller Software Stnrage

Flow-rate
Sensor

Vibration
Sensor

Arduino IDE

Local data
base
(Offline)

Beckhoff
IPC C6015

MSSQL
(Online)

Legend

—p  NeXxt process
4—p Two-way process

ML  Machine learning




Data set retrieval
from storage

Data set splitting
Training (70} : Testing {30)

Cross-validation of data
el

SVM Classification of data
set into (cavitation state,
normal state)

plot as green data
points

Cavitation detected

Feal-time data
from flow rate
SENS0rs

plot as red data

Real-ime data
from flow rate
SEnsors

Store cavitation strength
data set

Data set splitting
Training (70) : Testing (30)

Calculation of cavitation

strength

Import data into algorithm

Plot data set

Cross-validation of data
set

Polynomial regression
fitting

Plot graph as
blue line

Predict date for below
threshold level

Threshold
reached

Plot graph as
red line

Predict date for below
threshold level

I Linear regression fitting

reached

Send out alarm
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Hardware

“frombeckhoff”

Q, time

“frompython™

BEECHEOFF IPC C6015

Hz, time

“test mosquito_org:1883°
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Loncept design derived
from fundamental
engineering principles
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PubSub_Node C Py + X Node_Red_MQTT

General Adapter EtherCAT Online CoE - Online
Netld: 192.168.56.1.3.1 Arcad Seluga
Export Configuration File..

Sync Unit Assignment

Topology.

Frame Cmd Addr WC Sync Unit Cycle (ms)  Utilization (%) Size / Duration (us)  Map Id
.C LRD 0x05000000 4.000
o LwR  x01000000 <default> 4.000

LRD 0x01000800 <default> 4

BRD 00000 0x0130 4

000

A3 ae

LN I

LRI T ETET
- - s k

BECKNOFF BECKMOFF BECNOFF BECKNOFF Term 2 (EL1012) 002 EL1012

Term 3 (EL2004) 1003 EL2004

Term 4 (EL3061) 1004 EL3061
i Term 5 (EL4102) 1005 EL4102
H S E | Term 6 (EL9011) EL9011

Topology m} X

| View Offline  Online

Box Name Address  Type Out Size  E-Bus (m...
Term 1 (EK1100) 1001 EK1100

o ©
it
S & o o

=
=

Online Configuration ~

18 Messages Clear
Description
2/24/2019 6:44:18 PM 471 ms | ‘Term 2 (EL1012) (1002)' Communication re-established
/2019 6:44:18 PM 476 ms | 'Term 3 (EL2004) (1003)' Communication re-established
2019 6:44:18 PM 480 ms | ‘Term 4 (EL3061) (1004)' Communication re-established
/24/2019 6:44:18 PM 484 ms | 'Term 5 (EL4102) (1005)' Communication re-established
2/24/2019 6:44:41 PM 654 ms | Device 2 (EtherCAT): Frame returned -> force reinitialization!




Beckhoff IPC

REPORT
ACCESS DATASET

Vibration (Hz) Flow rate Cavitation strength

Pump on/off

Machine learning 1

Machine learning 2

Machine learning (Al)
lol
Phase d and phase 4

i:=i+1;
random n := random n+2;
sPayloadPuly :=TO STRING(random n} ;
feMgttClient .. Publish | sTopic:= sTopicPub,
pPayload:= ADR(sPayvlocadPul), nPayloadSize:=LENZ (ADR{i))+1, ;/
eQo5:= TclotMgttlos.AtMostOnceDelivery, /

(=4 W]

bRetain:= FALSE, bQueue:= FRLSE );

id data_aguisition ESP3Z () {

TEG THP COLD grp = Stringlint_fromesp32);

TEGZ THMP COLD grp.tolharirrayi{char fromesp32 , str_ fromesp32 .1

.Ir

nt.publish {nodeRed topic fromesp32, char fromesp32

data_aguisition ESP32()
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Vibration (Hz)

Flow rate (V) 35

NPSHa (m) 2.54

Cavitation strength

NPSHa (m)

Pump Status
Normal

L
RIS NN DNS RIS nNN AN nunn ase nan

Flow rate (V)

ARIMA (Accuracy)
87

s 2R nun

Vibration (Hz)

RUN ALGORITHM

RUL (Forecasted)
287 days

Cavitation Strength (%)
15

Next Repair date
24/1/2020




Thank You

Ir Dr Alvin Yap
Head of loT Research Genter (CREDIT)

School of Engineering
www.linkedin.com/in/alvinyaplba
dr.yap.alvin®apu.edu.my




