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Al data model can be modeled automatically,
but lacks explanation

Physical laws
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The physical model is built by manpower,

but easy to explain
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O HANERTASIERMEN - SHATMITEN - HEHZHNECEABEKRT E (Lee et al, 2015)

Friction force (N)

Pre-sliding regime elastic bristles t ] . 5511 EuE
velocity velocity EEEUEE i\
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} }> Velocity (m/s)
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AV p
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T I IEEEETELR SLIDING | PRE-SLIDING | SLIDING
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Deep
Learning

Machine
Learning
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Example BEitHE%E : #mEZRE

1 HP variable
speed
controller

"\ Belt drive

BNC

Reciprocating Mechanism Gearbox A

F 288 https://spectraquest.com/
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Deep AR

Learning

Machine
Learning

A AELTA 7


https://spectraquest.com/

PdM combine physics and data model

A NELTA

Benefits: Less computing resource

Al data model can be modeled automatically, better predictive accuracy
but lacks explanation

Domain Knowledge Big Data

o *

Physics

Based
\VileYo[=]

VEWELS Machine
properties learning
The physical model is built by

manpower, but easy to explain
[ PdM Model J

Physical laws

PdM : Predictive maintenance
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® Medium

® Low
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Cloud Layer

+ Big data processing

+ Data warehousing

Cloud / Edge / Device

Cloud
Computing
Data
analysis

® Long-term

Edge Layer
* Local network

+ Data processing & Reduction

+ Control response
* Virtualization

Edge
Computing

® Medium-speed

Edge

g Edge
Server °

g Edge
Server °

Server °

Device Layer
. Machines

. Robots
. Controllers
. Drives

. Sensors

® Realtime

Computing
A NELTA
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Cloud => Edge => Smart Device

N Edge Cloud
ﬁﬂﬁ@”ﬂl%,ﬁiﬁﬁiﬂ?&*ﬁ Server

« E/DBCAR Device FA network

o PRELUTESREE T

- BORFEHSREIE

MA network 1 Hz
1KHz
>
- controller
e -
< Sie ? T 1KHz

Drive

TZOKHZ

- Smaurt function : PdM / Al function

Machine 20KHz

Sensor Motor
Encoder
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HiF: EEZERABERDBEPAV/AI EE

Analysis Function Library
hELTA Modeling Service
Function

Models Dat Blocks

features

Chatter detection v

Vibration
Sensor. _

Thermal distortion / comp.

E

Tool life prediction

Device Real-time
al Computing

FFT function

E

FFT
function -

Quiality prediction

Model 4 CNC Controller
patd

features Function
Models locks

Data features Force sensor

/
m/

L4 Data features / ;

Cutting force Diagnosis

Temperature
Vibration
Cutting speed
Machine
position

Motion

Ball screw preload St A
‘_ ult-AxIs
Model 6 Position

Speed
Control

Function
Blocks

Data features Functiofi§

Multi-axis Servo
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Motion Controller

How?
Robot h
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S EmbcE RS

E
75 |
ﬁAEE Data Collection Data Modeling Deployment Solutlon PrOdUCt
el e R T B e e function function
A A
Motion PdM/-Al U ( \\ ( \\
ok X Function ser
IjJHL_, =5 Function Blocks Function ]
Blocks Blocks Softwa re Firmware
Function blocks
oI5 £ S =5 25 / Custom
M8 —XFHEEEITIFES Corner .
- S Application
== =
BIEE Solution | PdM
olution
function A -
- Robot Motion
— R NC Motion Product
EITES " function
Corner Motor control
Core #3 I Core #4
— o ARM multi core CPU
FEnon
EmiE CPU
AI&ELTA
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PdM /Al Platform : Functions by Software and on-line work

PdM / Al data flow Design ‘ Download Al / PdM function ‘ Work on-line

1. Easy to customize Providing during machine operation:
2. Low codes v 1. Equipment diagnosis
Software 3. Shorten development time. v Ij] NS 'ﬂ'ﬁ@ 2. Quality predict-ior-m .
v HE 3. Parameter optimization
A\ neLTa v

TG e
. < /}_. -b ° .
' . v W
- Software Firmware R :
['§ T A Function blocks | Function blocks [ J—
/ S

DiIADesigner —

Delta Industrial Automation Designer Solution -

function :
- Al Robot Motion Product
e “’» — xpgE CNC Motion B unction
BTEA
Corner Motor control

PdM / Al data flow

| corer | corez | core#s | corera .
PdM Result _ ", ) .
“ae Pre-process model CPU of Drive/Controller | | o b
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A NElTa | TERIIEER MEINAEEIR (HRTR)

REEE R TEERIAE TR $EH e
- mEEm ERNH

1. FEME(HRSRUE &R
%‘L;Er( " ) S 5347 T RBE NS
3 EiEE FFT WBREE 2R
R Order Spectrum B A PR 2 T D AT
.a%LEBJ)\ =SS Kurtogram

5B T TERR Al THAE rEd

Mean . .
Linear regression,
Root Mean Square Logistic regression,
3 Root KNN, SVM,
Standard Deviation HaREy Decision Trees,
Skewness (scikit-learn) Random Forest,
I Kurtosis XGIBoost, K-means,
Isolation Forest,
Shape Factor OneClass SVM
ER Crest Factor
BB mpulse Factor REBE DNN, CNN, 1DCNN,
Clearance Factor (TensorFlow, PyTorch)  RNN, LSTM, GRU

=i THERIE YIERE & AIEED
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|—T’Eﬁ

ADesigner

Delta Industrial Automation Designer F Te n SO r F I ow

Al Inference
Subsystem

Al model
ONNX

Al Model

Description File

Solution
function

)

Product
function

)

( |

Software
Function blocks

Custom
Application

Data Pre-Process Al Model

(
I
I
I
I

Data in
Inference
] result
Physical Model
\ [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] [ ] ,
s CE B B Al {28 m mEtiRE
_.i a \i — ::‘mmun?thPdMiF.a:uraStl.-(I.:a.l ) ‘:"‘: o — ::. =mMErgn‘ N -D:N:: _’. -:‘ » DFB PdM_Inference V o _- o CDF o

IEC-61131-3

DFB_PdM_FeatureStatical

aFunctionType REAL [10] 8OUtPUL

Command —| aDataBuffer (aca (1000 bFlagAnalysisDene

DFB_PdM_FeatureStatical

e
=
—_RpHEE

EITES
Corner

Firmware
Function blocks

Robot Motion

NC Motion
~ Product

Motor control function

Core #3 I Core #4

ARM multi core CPU

Emii CPU
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LLONNX fEASmart Device®#k

Data Collection Data Modeling Deployment

Data Data Data Significant Building Model Program Check
Selection Storage Labeling Features Model Validation Download result
| J \ J
Y Y
I_:"_______________i Al\ELT{I
| © Caffe?2 @Xl’l@t INE =i I_
I O PyTO rCh . ¥ Microsoft » | :T =
;EI 3’_1‘55

DeS|gner

Delta Industrial Autom

| 1F TensorFlow CNTK
I Keras

€ ONNX

I RYTET

. Robot
Drive
Controller

smart device
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= Example :

Delta CNC controller

CEDEEEEEE DO EOE .
CEEEEEENE DOEEEE
EOECENEEE DOREDE

2248 (Scalable PdM /Al)

AR B 3iAE
ONNX

IEC-61131-3 IEC-61131-3
BRFEEEINEE S 5 AITHBETS 1R

1l a8

- HWeETWS
«  SMERECRIEH SR

IEC-61131-3
B FRRIETNEE T B

5 AlFERR R4

AR B fasiiaE
ONNX

EaRFEAE
NI arE AR ES

IEC-61131-3 *
AlThEETT 1R .

Example
Delta AC servo drive W3

%Uﬂ% oo . Al B 385 7 1
EEE BRB) 2= AlFERR S48 ONNX
S3EEE B |EC-61131-3 |[EC-61131-3
Eggﬁ 0B R IBTIAE P 4 AlTHEE TS 2
X
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PdM / Al

Library

Summary of PdM /Al platform

PdM/AI Platform

Domain knowledg\

User-defined

1
: Functions

Delta Confidential

) / PdM Problem definition

A software tools
( data collecting, processing, modeling
function Deployment )

Computing Unit (CPU)

Networking &
Communication Protocol

Sensors &
Sensor bus

[ PdM Software : !
| DIADesigner !
1 I
g I

1 2nd developing
| Platform :
l Corner C

N
Delta devices: :
Open Drive I
Support 2" Developing :

"4

| Data inside devices |
1 & Sensors J

—

Source: Palmer, Shelly. Data Science for the C-Suite.
New York: Digital Living Press, 2015. Print.
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Examples : faikSeE =3 1hmiZE PdM/ Al TIEE

1. WEWmIEIRERINZETIRE (VIERETY)

2. NEEHWHNIE D REEEAE (WIEEE+ AlfREE)
3

4

i = PR 22 (Al 1R=EY)
YIIEARAIBEAIMRBILCE (RS RR2 )

A AELTA
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Raw Signal

=
e EEE.I)IKL

AmiseRall R

ﬂi?ﬁf‘é

= 44

(IR

Model
Construction

) BRREETE

Friction
Prediction

%

B iEE
(B2 2

(i

RS

Friction
Compensation

fit R )

EflE

HBHEE

%

4)

Pre-slidingl& 5 (1€ iR 31 =3

.|.

B EEN2E

BB AYERE

X axis pitch: 10;) —\
Y axis pitch: 10 d R: 10.0000 mm

_/

Cmd Round: 0.015 uml
Servo Round: 38.7 um
Servo Shrinkage: 32.909 um

iS rvo R: 9.9671 mm

5.000 umidiv

X axis pitch: 10._,0/ ]
Y axis pitch: 10.0 pim ]
)

.

V:\C}mol R: 10.0000 mm
- \Setvo R: 9.9655 mm

Friction

when e ~42* —

C+B,+B,

C+B,

Displacement

Cmd Round: 0.016 um[

Elx A B!

y=C+ B1(1— e 11%) + B,(1 — e 12%)

Servo Round: 39.5 ump
Servo Shrinkage: 34.477 um

5.000 um/div I

Delta contigential

(ZE75%H51731699)
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| SiE |
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g HITE

(YT R+ AIMEE
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Off-line
$2 15 P B

N | AT

3R 45 1=
FFT

6

X 139264
¥ 503657
! X417
¥ 351808
'

X21.8528
Y 16754
e

IS S
- Input num: 3
- Output num: 1
- Hidden layer: 2
- Neural num:[4, 4]
- Weight: [0.1,0.3, ..., 0.7]
-Bias:[12.7, ..., 5]
- Activation function: [relu,...]
- Class label: [0, 1, 2]
- Method: classification

€ ONNX

model.onnx

~

AIE B R

CcDF

=N s F Featur. ical ™
I ﬁ-.-E [} e - o o
1.2, . —| aFunctionType =— | Y S — S
AR Motorcurrent —| abataButfe ko bFlamAnatysisDone | aFecrtirepositionFecdBack brcrEeBane

I aFeat it

z56
| SFeaturevelocityreedaack
DFB_FPdM_Featurestatical
e enc
‘1.2, . =| aFunctionTvpe
PositionFead, ik —| aDataBufar
256 —|
DFB_PdM_FeatureStati
En En
‘1.z, s onType utput
Positionce uffer bFiag sDone
En
2, —
velocityFeed

DFE_PdM_FeatureStati

On-line
B VEPE EX

Corn MEDIUM

er inside

Parallel misalignment

- s,
~—

HIGH

(

RISK
A€\ NELTA

Velocity

ARM multi core CPU
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£\ nELTA BET 2 PRS2 (Al $EHY )

s, -V = = = "=-=-=-=-=-=-=-"=="=="=================== N
I’ 18 B4 (I ) FatiE e R ITAl R aEPAV/AIGEREE
I 3E oy = PdM common

| | Off-line BRBERMY S hf comporen :

| T e L e

I Lj{i BEI ER g - - 'T’” + Modeling tool |

! = W !

| i |

\ == ;:“Il.“_.,T_._::I_:‘,.I_III.“. ’

N e e e e o A CENEESESSEIEERERRS s IR —m——_,—. N 4

AlfEEI(ONNX) l Bl WER(IEC61131-3)

)Tl e — o,
e%:aﬁﬁ%&% %%E SoftV\'fare Firm\«_'vare \I
AS DA-W3 1E_| HE%EE}]%E Function block Function block

Custom
Application

On-line

Corner inside

-

Robot Motion

s NC Motion
EfTFEE

Corner Motor control

guE EII EII NN EEN B Iy,

ARM multi core CPU I
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Al #sea38syM
Al FEEZE1DCNN

Y38 %Al
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Level 1 Level 2 Level 3 Level 4
| O ee——
(3000 Pulse) (6000 Pulse) (9000 Pulse) (12000 Pulse)
BEMRREREE D 4 KR
BEEREERS
SVMIE B IF i &
.. Validation alidation
Method Model $FEIZEEY Training (REIR) (RES)
. _ | 1DCNN &2
i e 0.75 0.74 0.25/ / R
SVM /O/ EEEFEZIMNENS
B FHEEmR 0.98 0.96 45 E1TEIAR
Al —
S EER 0.99 0.97 0.32
1DCNN 2= | YPIBFEEY LE AL fEEY
¢ A s 0.99 0.98 055 | | |EXmmEa
TR - - - ARENERE
238 15 7Y REZ % 0.97 0.95
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Smarter. Greener. Together.
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