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Implementation of IR 4.0 and IloT in
various research and TnlL activities at IIlUM

By
Ir. Dr. Tanveer Saleh
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Background about phases of Industrial Revolutions

INDUSTRIAL REVOLUTION

/Next phase: IR5.0 \

Collaborative Robotics,
Mass customization by
Autonomous decision the synergy of
making of cyber physical technologies like 3-d

systems using machine Printing, AR /VR and
learning through ’

cloud technology QG communication /
4th

Revolution

Theindustrial revolution Mass production Automated production
begins. Mechanization assembly lines using using electronics,

of manufacturing with the electrical power programmable logic
introduction of steam controllers (PLC),
and water power IT systems and robotics

1st 2nd 3rd

Revolution Revolution Revolution
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Aspects of S
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Todays talk will
broadly cover our

Of
i s g T&L and research

. \ activities related
(D .

to the three
Big Data ik aspects of IR 4.0

3D .
i Syst : source
' Clou ystem
ﬂ | ; Computing Intégration Internet > —
. ‘ e & -\ \ :
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Implementation of 10T based
SCADA System for T&L purposes
at UM

by
Ir. Dr. Tanveer Saleh & Mohammed Banawair
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Existing PLC and Pneumatic system

PLC controller to program
and drive the pneumatic
system. PLC is AB from
Rockwell automation

Pneumatic system with
cylinder actuator and
various types of solenoid
valves
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Proposed integration between the two PLC field

stations

Need to take into
considerations for MAC
and IP addresses
during the integration
phase.

LAN ROUTER

Ethernet cable
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AB PLC1

Ethernet cable

AB PLC2

IP:192.168.1.10

MAC: F4:54:33:98:5A:A9
IP: 192.168.1.3

MAC: 00:1D:9C:A1:A0:80
IP: 192.168.1.2
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Recliner chair testing simulation

* A reciprocating pneumatic
cylinder is used to test the
backrest of the chair.

 One of the stations tests
based on number of cycle.

e Other station tests based on
duration of the reciprocation.

Picture source
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Implementation of Node-Red based WEB SCADA system

Node-RED

PLC Station LHS PLC Station RHS

TEST STATUS [ ] Time Setting (s)

CYCLE TARGET v 50 A~ Station Status
CURRENT CYCLE Test Status

\ Time (s)
23

STATION STATUS [ ]
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v 100 A~

LAN ROUTER

N FH i i K Il FA B2 K B
A

Ethernet cable

Ethernet cable

AB PLC1

IP:192.168.1.10

MAC: 00:1D:9C:A1:A0:80
IP: 192.168.1.2

Ethernet cable

AB PLC2

MAC: F4:54:33:98:5A:A9
IP: 192.168.1.3
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lloT integration of the system through Remote access and
AWS

Garden of Knowledge and Virtue

LT
isEramazon
UF webservices

R.m('.RED

remote access §]

Computer

IP:192.168.1.10
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UPGRADING AND VALUE
ADDITION TO AN EXISTING 3-AXIS
CNC MACHINE FOR TEACHING

AND LEARNING

by
Dakhel Abdulrahman & Ir. Dr. Tanveer Saleh
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Background

* Programmable CNC machines was one of the key
components of IR 3.0.1t is widely used for various
industries ranging from woodworking to automotive and
aerospace.

* In the era of IR 4.0 and IR 5.0 CNC machines are becoming
smart (thanks to data driven technology) and loT
compatible.

/ —
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Research Problem and Objective

dIn many higher learning and vocational institutes we may
find many CNC machines are sitting idle because some
major elements are spoiled such as the controller or the
motors. Hence, the machine ends up occupying space and
being a waste of resources. However, the machine’s
structure is still intact and in a good condition.

(JdHence we aimed to develop a generic GUI software that
may help to refurbish stepper motor driven CNC machine
with some value addition.
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Overview of the project and its S|gn|f|cance

MECHANICAL
Modular Controller GUI MODIFICATION

Innovation and INDUSTRY, INNOVATION

1 SUSTAINABLE CITIES

Infrastructure: ANDINFRASTRUCTURE Sustainable Cities AND COMMUNITIES

Increase and Communities:
Efficiency and | ~ | Reduce Resource AE é_
5 ' “ S " E

Needs.

Prod uct|v1ty
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Powering with 12 - 24V (DC) supply:

12-24V Power Supply

STEPPER MOTOR

py
P

———

b .

Sinch HOMI Display
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DC-DC step down
v to 5 v converter



IEEERAS f—l D e
-_ | B9 LLLallilleorny

MALAYSIA CHAPTER AUTouomous Svs*rsmss. Roaoncs ‘

=2 RC T LEADING THE WAY

KHALIFAH - AMANAH - IQRA’ - RAHMATAN LIL-ALAMIN

CAD Controller Case
Design

(Legs) ., . .
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Design

(Legs) .

(Xpro and Fans casing)
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@ CAD Controller Case
Design

(Xpro and Fans casing)

(Legs)
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Design

(PCB slot design holder)

/

(Xpro and Fans casing)

(Legs)
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Design

(PCB slot design holder)

/

/

(Switches case and hinge base joint)

(Xpro and Fans casing)

(Legs)
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(PCB slot design holder)

(screen hinge (stand))

(Switches case and hinge base joint)

(Xpro and Fans casing)

/

/
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Design

v

(Screen and Hinge platform)

(Switches case and hinge base joint)/

/

(Xpro and Fans casing)
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@ CAD Controller Case
Design

(Screen and Hinge platform) >

(Switches case and hinge base joint) /

/

(Xpro and Fans casing)

(Legs)
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Design

(Screen and Raspberry Pi Case)

(Switches case and hinge base joint)

//

(Xpro and Fans casing)

(Legs)
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o Dakhel GRBL Controller - X

Communication Manual Motion Control (XYZ) Connect To AWS

R S S Comedt "Connect” button to AWS
i x+ oz ot o o e s AYS

. e Total Lines NA

COMS5 v 15200 v Retum to zero

Y- Y+ Curren Line NA
Open Port Close Port Rasat o 2ors Percentage Done NA %

Duration: 00:00:00:000

GRAPHICAL Machie S 5 z Soh e Estmoted tme: 0000.00  Relrsh

100 |
X -13 -15.000 A__J= [ Reset Y axis

INTERFACE L Rt Z i .

e e L —— —
. o
(GUI) o . o Reset
Response From GRBL Upload GCode Fle
@SIWVMQW Helo Clear
<JogNPos -15.000.-11.666,5.000FFS:100.0> A

dogNPos -15.000.-11.896,5.000iFS5:100.0>
<Joq;'MPos -15.000.-12.128,5.0001F S:100.0>
<Jo9MPos -15.000.-12.362.5.000/F 5:100.0>
<JogNPos -15.000.-12.596.5.0001F S:100.0>
E%)QNPO, -15.000.-12.833.5.0006FS:100.0>

1 CNC-XPR Q)G\ Hle Delete Run

Tuesday/01/2023 03:44:35 AM This program done by Dakhel Abdulrahman
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o Dakhel GRBL Controller - X
Manual Motion Control (XYZ) Connect To AWS
"Connect” button to AWS
Connect This box will show the responce from AWS
X+ Z+
Control
Total Lines NA
Y- Y+ i Curren Line NA
Ranat o 240 Percentage Done NA %
Duration: 00:00:00:000
x" Z' Soft Reset Estimated time: 00.00.00 Refresh
e FeedRate Reset X axis f;”" fou Coce
—
{100 |
x 13 -15.000 i___ [0 Reset Y axis
Y % -12.833 Spende Control Resume
yA 5.000 Reset Z axis
ON /7 SET [:] R 0-1000 — Feed Hold
Status - JOG Homing
O% Reset
Response From GRBL Upload GCode Fle
F4 Show Verbose Output Helo Clear
<JogiMPos:-15.000,-11.666,5.000/FS:100.0> A
ok
<JogiMPos:-15.000.-11.896,5.000/FS:100.0>
ok
<JogiMPos:-15.000.-12.128,5.0001FS:100.0>
ok
<JogiMPos:-15,000.-12.362,5 000 S: 100.0>
ok
<JogiMPos:-15.000.-12.596.5.000iFS:100.0>
ok
<JogiMPos -15.000,-12.833.5,000:FS:100.0>
ok
v
cuc-x;?z Open File  Delete Run

Tuesday/01/2023 03:44:35 AM

1\
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s Dakhel GRBL Controller - %
Communication Manual Motion Control (XYZ) Connect To AWS
Connection Status Connect Iocu "Connect” button to AWS
- e x+ ze Pk e s
Machine Status | % sxonue Co T
COMS5 v 115200 v Retum to zero
Y- Y+ Curren Line NA
Duration: 00:00:00:000
Machine Status X- Z- Soft Reset Estimated time: 00.00.00 Refresh
e [ =
Machine Work Distance FeedRate Reset X axis Line Code:
Postion Postion ’{w’ NA
mm
X -13 -15.000 D A Reset Y axis
Status - JOG Y % -12.833 Spindie Control Resume
Z 5.000 Reset Z axis
ON/SET ﬁ } Rance 01000 Feed Hold
Status : JOG OFF Auto Homing
Status : lm'E Hesponse Hrom GRBL Upload G Code Fie
B Show Vebose Outpt o) £ O |
i iMPos:-15.000,-11.666,5.000FS:100.0>
Status - I
| <JogiMPos:-15.000.-11.896,5.0001F S5:100.0>
ok
| <JogiMPos:-15.000.-12.128,5.000FFS:100.0>
|ok
| <JogiMPos-15.000.-12.362.5 000IF S:100.0>
{ok
{ <JogiMPos:-15.000.-12.596.5.000iFS:100.0>
|ok
| <JogiMPos -15.000,-12.833.5.000:FS:100.0>
fok
i OpenFle  Delte  Run
Tuesday/01/2023 03:44:35 AM This program done by Dakhel Abdulrahman
‘—F\ /
S }’& /
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o Dakhel GRBL Controller - %
Communication Manual Motion Control (XYZ) Connect To AWS
GRS U Comedt "Connect” button to AWS
——— X+ 2+ oo o s S
Name Baud Rat Control
. - Total Lines NA
Retum to zero C Line NA

<JogiMPos:-15.000,-11.666,5.000FS:100.0>
OkdogNPotJS 000.-11.896.5.000FF5:100.0>
°<fbgupos;-1s4ooo.~12.1zs.s.ooors,100.0>
ﬁwmqs.m-u 362.5 000FS:100.0>
:.kjogNPocﬂS 000.-12.596.5.000/F5:100,0>
§ogmos--1s 000,-12.833.5,000FF5:100.0>

Reset to zoro

Soft Reset

Reset X axis

Reset Y axis

Percentage Done NA %
Duration: 00:00:00:000
Estimated time: 00.00.00 Refresh

Cumrent Line Code:
NA
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& Dakhel GRBL Controller

Manual Motion

Machine Status
Machine Work
Postion Postion
X -13 -15.000
Y 6 -12.833 ondie Cont
y A7 4 5.000
S ] memeotom
Status - JOG OFF
Response From GRBL
£ Show Verbose Output Helo Clear
<JogiMPos:-15.000,-11.666,5.000FS:100.0> ~
ok
<JogiMPos:-15.000.-11.896,5.000/FS:100.0>
ok
<JogiMPos:-15.000.-12.128.5.000iFS:100.0>
ok
<JogiMPos:-15.000.-12.362,5.000iF5:100.0>
ok
<JogiMPos-15.000.-12.596.5.000:FS:100.0>
ok
<JogiMPos-15.000,-12.833.5.000:FS:100.0>
ok
v
Send To
CNC-XPR

- X
Connect To AWS
"Connect” button to AWS
Connact This box will show the responce from AWS
Total Lines NA
Retum to zero C Line NA
SRR, Percentage Done NA %
Duration: 00:00:00:000
Soft Reset Estimated time: 00.00.00 Refresh
R X axis Cumrent Line Code:
NA
Reset Y axis
Resume
Reset Z axis
Feed Hold
Auto Homing
Reset
Upload GCode Fle
Open File Delete Run

This program done by Dakhel Abdulrahman

—
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o Dakhel GRBL Controller = %
Communication Manual Motion Control (XYZ) Connect To AWS
Connection Status "Connect” button to AWS
= o N ] [
. e Total Lines NA
COMS v 15200 v Retum to zero
Y- Y+ Curren Line NA
Open Pot . Close Port Reset to zoro Rorcumiags ama it =
Machine Status X- Z- Soft Reset Estimated time: 00.00.00 Refresh
Machine R v Curent Line Code:
Postion NA
X -13 Reset Y axis
Y % Resume
z 7 Reset Z axis Feed Hold
Status - JOG Auto Homing
Response From GRBL Upload GCode Fle
F4 Show Verbose Output Helo Clear
<JogiMPos:-15.000,-11.666,5.000/FS:100.0> PN
ok
<JogiMPos:-15.000.-11.896,5.000/FS:100.0>
ok
<JogiMPos:-15.000.-12.128,5.0001FS:100.0>
ok
<JogiMPos:-15,000.-12.362,5 000 S: 100.0>
ok
<JogiMPos:-15.000.-12.596.5.000iFS:100,0>
ok
;(ngPos"'IS 000,-12.833.5.000FS:100.0>
v
CE-X;% Open File  Delete Run

Tuesday/01/2023 03:44:35 AM

This program done by Dakhel Abdulrahman
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o Dakhel GRBL Controller - X
Communication Manual Motion Control (XYZ)

Connection Status

= —————— X+ 7+
General Control | Potteme suirae

COMS v 15200 v

Y- Y+
Open Port Close Port
Machine Status X- Z-
Machine Work Distance FeedRat
Postion Postion 00 e
X -13 -15.000 (L.
Y 6 -12.833 Spindle Control
y A 5.000
ON 7 SET [:5: Range 0-1000
Status :  JOG OFF
Response From GRBL
FA Show Verbose Output Heln Cear |
<JogiMPos:-15.000,-11.666,5.000/FS:100.0> A

ok
<JogiMPos:-15.000.-11.896,5.000FS:100.0>
ok
<JogiMPos:-15.000.-12.128,5.0001F S:100.0>
ok

<JogiMPos:-15.000.-12.362.5.000iF5:100.0>
ok

<JogiMPos:-15.000.12.596,5 000FS:100.0>
ok
cJogMPos -15.000.-12.833.5 000FS:100.0>
o
v
’ ol OpenFile  Delte  Run

Tuesday/01/2023 03:44:35 AM This program done by Dakhel Abdulrahman
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o Dakhel GRBL Controller - e
Communication Manual Motion Control (XYZ) Connect To AWS
Connection Status . Connect Ioa "Connect” button to AWS
E——— x+ oz o ———
Pat Hama B . Total Lines NA
- COMS5 115200 +~ Retum t
Upload G-Code > Y- v+ 2220 | G e A
Open Port Close Port SRR, Percentage Done NA %
Duration: 00:00:00:000
Machine Status X- Z- Soft Reset Estimated time: 00.00.00 Refresh
Machine Work Distance FeedRate Reset X axis urort Line Code:
x -13 -15.000 — Reset Y axis
Y % -12.833 Spnde Cortrol : Resume
Zy 5.000 Reset Z axis
Status :  JOG OFF Auto Homing
Response From GRBL Upload GCode Fle
FA Show Verbose Output Heln Cear |
<JogiMPos:-15.000,-11.666,5.000/FS:100.0> A
ok
<JogiMPos:-15.000.-11.896,5.000/FS:100.0>
ok
<JogiMPos:-15.000.-12.128.5.0001F S: 100.0>
ok
<JogiMPos:-15.000.-12.362.5 000F S: 100.0>
ok
<JogiMPos:-15.000,-12.596.5.0001F5:100.0>
ok
<JogiMPos:-15.000,-12.833.5.000/F S:100.0>
ok
v
c":_x;a (b.\ File Delete Run
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& Dakhel GRBL Controller

Communication
Connection Status

I ——— X+ z+

Port Name Baud Rate
COMS v 15200 v

Manual Motion Control (XYZ)

Connect To AWS

"Connect” button to AWS
Connact This box will show the responce from AWS

Y- Y+
Open Port Close Port
Machine Status X- Z-
Machine Work Distance FeedRat
Postion Postion 1100 -
X -13 -15.000 (.
Y 6 -12.833 Spindle Control
7 A 5 5.000
ON / SET [5:] Range 0-1000
Status :  JOG OFF
Response From GRBL
£ Show Verbose Output Helo Clear
<JogiMPos:-15.000,-11.666,5.000/FS:100.0> A
ok

<JogiMPos:-15.000.-11.896,5.000iFS:100.0>
l:'.‘loq;(MPos:J5.(?0):12.128.5.«!)1-'5,100.0>
o:ogﬂi’os'JS.m:lZ 362.5.000¢FS:100.0>
:.‘;oqﬂl’os’-IS 000.-12.596,5.0001F5:100.0>
';bgﬂPos--IS 000,-12.833,5.000F 5:100.0>

Send To
CNC-XPR

Tuesday/01/2023 03:44:35 AM

Control
Retum to zero

Reset to zoro
Soft Reset
Reset X axis
Reset Y axis
Reset Z axis

Auto Homing

Upload GCode Fie
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& Dakhel GRBL Controller

Communication Manual Motion Control (XYZ)
Connection Status "Connect” button to AWS

This box will show the responce from AWS
Connect to AWS |E=————— X+ Z+

Port Name Baud Rate

Total Lines NA
COM5 v~ 115200 Y- Y+ Retum to zer0 Curen Line NA
Open Port Close Port Rasat o 2ors Percentage Done NA %
Duration: 00:00-00-000
- Machine Status X- Z- Soft Reset Estimated time: 00.00.00 Refresh
.' s Curent Line Code:
siamazon .= = o B me E
’ x -13 -15.000 (L. Reset Y axis
. 2 i Resume
97 webservices | Y ¢ s e e
‘ VL 5] Reeoiom =
Status :  JOG OFF Auto Homing
Reset
Response From GRBL Upload G Code Fie
£ Show Verbose Output Helo Clear
cloghPos15000- 116665 000FS 100 A

<logMPos 15 000.-11.896.5.000F5:100.0>
iogMPos:15.000-12.126.5 000F'S 100.0>
iOkdoqNPos'-lS.W:lZ 362.5.000F5:100.0>
iogMPos 15 000-12.596 5 000FS 100.0>
E:logﬂi’os'-‘ls 000,12.833.5,000F5:100.0>




LoyulLa daal Ml sallullicalsll

INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA

oAl RN sty

IEEERAS

MALAYSIA CHAPTER AUTouomous SYSTEMS& Roaoncs ‘

- . LI LEADING THE WAY

KHALIFAH - AMANAH - IQRA’ - RAHMATAN LIL-ALAMIN

I
9

Garden of Knowledge and Virtue

1- Onboard Interface Mode aWS
\v';-)
Sensors f HTTP Post G A- .
; AWS Lambda Amazon DynamoDB
Send Command I
Execute Command HTTP Response

2- Computer Connection Mode aWS
\v7

[

Sensors Send Command HTTP Post e A‘ .
AWS Lambda Amazon DynamoDB
.
HTTP Response
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Functionality test

Items returned (10) |G || acvom v
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Functionality test

Status A | A _Status_Notification v B_Run_Ti... ¥ C_Estimated_Time v D_Percentage_Done v
17/01/2023 10:05:26 AM Alarm 00:00:00:000 00.00.00 NA
17/01/2023 10:05:28 AM Alarm 00:00:00:000 00.00.00 NA
17/01/2023 10:05:30 AM Alarm 00:00:00:000 00.00.00 NA
17/01/2023 10:05:32 AM IDLE 00:00:00:000 00.00.00 NA

» 17/01/2023 10:05:34 AM JOG 00:00:00:000 00.00.00 NA é
/ﬂ“\
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Gesture based movement control
of industrial robots

by
Irfan Fikhri bin Iszahar & Ir. Dr. Tanveer Saleh
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The Collaborative Intuitive
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System design

Convert Send
Obtain gesture data to commands to

gesture data robot robots
commands
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2. CNN
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1. Convex hull

algorithm
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Interface for Gesture recognition

Put Hand in box

HSV Fiter Option

1. Convex hull 2. Deep-learning

algorithm framework
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Gesture Recognition: Deep-learning

framework

/A’ Developed in Python Joints detected from

Environment the framework

o
=!l| Using Mediapipe deep-

MediaPipe learning framework

Joints labels
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Final GUI design
ol Mitsubishi Robot Gesture Control - O *
Target IP: Sim status Mod |Mm1d gesture control
[192.168.025 | | Simulation Deactivated ideiines
. Gest. 0: Stop
FORT: Activate Deactivate |
|'|DDD|] ~ | |Gest. 1: Move positive x axis |
Gesture Sim
|Gest. 2. Move negative x axis |
Connect Disconnect ® None |G ot 3 M o - |
O 0 est. 3. Move positive y axis
Status 1 |Gest. 4: Move negative y axis |
_ (2 |Gest. 5 Option menu |
Axis Jog Resalution O3 Program not connected
¥ [+ |- ()4 Resolution
® 0.25 0.25 |
Y |+ |- 05
()05
L 05 T B e—
Capture Cloge Cam 10 :
Cumenrt Pos : O .
RO Control Start St
X | | A | : = Extemal
X-axiz 5
- 0 sy v Je[_]
[ YCoCr z | | ¢ | | Playback
f-axis
' [] Bg Removal Start Stop
Capture Bg Pause
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Experiment 1: System consistency

- Each gestures was shown for 30 seconds.
- Correct gesture detections within 30s period were recorded.

30 — Correct gesture detection period(s)

Accuracy =1 — x 100
30
No. of fingers shown (n) Correct gesture detection Accuracy (%)
period (3)

0 30 100.0

1 30 100.0

2 30 100.0

3 30 100.0

4 30 100.0

5 30 100.0 —

—
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Experiment 2 : System reliability

Cycle of gestures from O to 6 were repeated for 40 times.

First detection were recorded.

Pradicted Gestures
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