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Department of Industrial Engineering and Enterprise Information
Tunghai University

ABSTRACT

Industry 4.0 is a new trend of manufacturing management. It creates what has been
called the "smart factory.” The core value of the smart factory is that it combines the
intelligent equipment with communication technology to let the managers online monitor the
manufacturing situations and collaborate with the intelligent equipment. Although industries
intend to apply the concept of the smart factories in the manufacturing, they still has
difficulties about how to let different kinds of equipment collaborate with one another
intelligently. For example, an unexpected rush order or a machine error may shut down the
whole machining system to reschedule. Meanwhile, if the production line needs to add or
reduce a machine, it usually needs to re-plan and even to re-write the control program. Thus,
the manufacturing system usually relies on humen to resolve the error when some small
unexpected errors occur. These difficulties are a part of the reasons that hinder the
applications of the smart factories.

This research defines three layers to intelligently manage a machining shop: the physical
layer, the virtual layer and the knowledge reasoning layer. The physical layer contains the
mechanical equipment such as CNC machines, robots, AGVs, etc. The virtual layer uses C#
and the SkyMars which was developed by the Precision Machining Center of Taiwan to
capture the data from the physical layer. The knowledge layer uses ontology to establish the
knowledge framework and utilizes CLIPS to build the knowledge rules. Facts in the physical
layer will trigger the knowledge rules to generate new facts as an actuator command to plan
new jobs, to execute the planned jobs, or to resolve errors. At the end, this research will use
C# to establish interface which integrates with the physical layer and the knowledge
reasoning layer to prove the expert system can truly let the manufacturing be more intelligent.

Keywords: Industry 4.0, CPS, Knowledge Reasoning, Ontology, Expert System
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sl AR AR EEOTRS R R L GBI
> e VAo o

A don iz d HEE e RN R
PR EEe AT REF
LE g ?ﬁ%’%i@#ﬁ&ﬁ‘é i A7 55 % 1

Y
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P O ER RN TERA T
FHARE RS A REROEE N F R e R (Semantic

Nmmmgaﬁ@oﬂégvarﬁ%mwajﬁrﬁme’ﬁﬁiﬁh’
Wehe L A E A fﬁ’*?if”mﬁg RE G &
m%xﬁﬁﬁgaﬁgiﬁn%mw%@«r@%“m%1*$§‘§
%ﬁﬁ,jgwuaﬁﬁﬁﬁﬁﬁﬁ’ﬂ&%#ﬁﬁ“’Ei@g@ﬁ

BYCHHA L AL FR R 24 S FLRRA TR

GIELS

-

e E

/

”—g%l’}l }o

Property

FHKR AL ER
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233 RNk E fk %-CLIPS

AT BB AR € I F MR G T TP kSRR R Tt
i * % 7k 3 i CLIPS(C Language Intergrated Production System)» CLIPS
F-2NCHZTENE RAAF TN A 1984 £#d 2 FF g T+
7 % % (National Aeronautics and Space Administration, NASA):=7 Johnson
Space Center % E 41 % o CLIPS # & 7 COOL(CLIPS Object Oriented
Language)d # Em 425837 3 » P EF AR A k2 N2 RNk o

E

CLIPS 3 = & > ;4 ¢

(1)Rules ;% p|

(2) Deffunctions and generic function p % & % i * S #c

(3) Object-oriented programming 4 i % & %42

e CLIPS 22 » 3 F 2 en@ &3 220 0 M & AT g #
T2 & FHP - AF= g @ * 1 deftemplate 12 2 defrule 7 5 & % 4 % 7k
BUp ATaiE Bl engfe o & BERP 4oT L

> Deftemplate ¥ 2 5 ¥ F 2 = k45 » & = deftemplate pF+ 1223 2_%

i slots & — @ slot & f %% I ch/fit o L 2.5 6577 > 2
deftemplate 2= = order(GTH )it » 2= 4p R A e 2 F G
Order> 4riiL 1892 3 7 b e &B @ik » L ik B3 8
oo @ * deftemplate Z 2 fact chpFiz » &K T H slot & > /2 if
-8l E R - LHEAR B B2 PR R AT € R
7oAl
(deftemplate Order(slot Number)(slot Product)(slot Quantity))
(Order (Number 1)(Product A)(Quantity 30))
(Order (Number 2)(Product B)(Quantity 50))

B 2.5 Deftemplate 4 &3 ]
TARKR AP ER
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> Defrule * % % &% R] > 40w & #7if > CLIPS ehE 5 € 372 B &

A2 g g o Adefrule ¢ o T=> FEEs F g R ik i
# 5 LHS(Left Hand Side) 5 @ = 5L2 {5 &2 PIARE 2 2 8 & &
tds 17 > 4% RHS(Right Hand Side) » 2+ 42 2 @480 [ IF- THENJ
PR EER oA R T WL T A RZPE > RREFEE T 5 IEER
M oSlE AR Tt A RZPIEF ¥ U@ * declare k & & B2
Plenif =t B > #icF 4%+ ig;iwﬁﬁp A% % o Defrule f§ » # &)4- )
2.6 T 0 F F4ca Jgﬁfii%ﬁ;éﬁmﬁ*%%’? Yes> %7 2t 57
Ficdl ot £2 JIRRESFER  EMFPES A
R PRTE R o

(defrule Robot-transport-Material
(QueMaterialDesk Yes)

(CNC Idle)

=>

(assert (Robot go)))

B 2.6 Defrule # &350 B

TR kR Ay R
CLIPS 77 #7 C++ JAVA 11 2 CHEFZ &R AL Y » 2T Tig »
CHIT A B E G > & i8I E Az 3 53 £ CLIPS p 373k 3+ 4% 5
o FlP a2 R 2RI 150 7 518 CLIPS gkt (7 Offline 7] - t& & 7
B LR AR 'f\f’zz‘f’ F'&ﬂ;?- ip3 %—ﬁ%i\'{lﬁﬁmﬁ'ﬁ’ ’
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24 Wi BB

i3

ZEE L ELkE

- BAEL R ARG AT

L L
deip 3 3%

g AT LA Y
PRl L SRR P o RAFED L p LAFESER > - F L kR
LR T ST PPReC i
2006 i p¥ -

Lemaignan et al.j&_# % (Entity) ~
(Resource) iz = = #f

<ﬁwi§ﬁ»7ﬂ5%?m*%

% (Operation)f=
(Lemaignan et al., 2006) -

‘lﬂ—"@ 27 O TR

.
Geometric entity for manufacturing I
| Assembly entity I Raw material induces
isMachinabl ByProcessauowedP ocessFor
Finished part !
| £ | isMachinableWithTool
sMadeOf
required/ToolFor
bgcome | quireg rewousOperat\o
Semi-finished part J 4

Machine resource

executes

Bl 2.7 Wik A A L aEH o 2

S %k @ Lemaignan et al., 2006

37 2010 & - Alsafi f= Wyatkin B2 3= 42 3 kR (Material _resource) ~ i®
¥ (Operation)fr ¥y 41 % (Controller) % 5 it 4@ 2.8 #77+ (Alsafi & Watkin
2010) -
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Rotary hole

Tool_part
¢~

Handling_machine

Processing_machine

Rotary_indexing_table

Receptacle

Presence_detection

o

{ Manufactu ring_operation -
P Hole_testing

Liquid_addition

nextOperation

-”
g

Color Sensing

Logistic_operation

d

Rotating

Other Runtime

|
d
9
4 d

Bl 2.8 @i ki Mm@ B3] (Alsafi & Watkin, 2010)
ok kR - Alsafi & Watkin, 2010
Ao e lBAEEY CRRIBAHL AL RFERF{FE D

1> Flt > 52016 # > Negrietaldg I A WA TELF 77 »F e B
a2 & en® f4e™ (Negri et al., 2016) -

&R L FEPLE T E o B 0T e

R GE A ERCA B R fei o
P AFAR T I o

i
&
N
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2.5 WA LFS

hopd it ®WAY o5 22§ A W T 58 4o TCP/IP~CC-Link~Modbus
% > m TCP/IP (Transmission Control Protocol/Internet Protocol) 5 2% & £ i
P AR TR A - ARRRREARE BRIV A S o
H P 4r® 2.9 277 o

o o

J&* & Application Layer B AN B R b T Bldckd X B §J

AL N L O S
Transport Layer ¢ AiEdfrdidc o

e AR GRS RS B e
Internet Layer W Bl P g o

TR THAoP G ERER R BE TR

Network Access Layer

2.9 TCP/IP % %

FRKR DAY

gl
THEAE AR A B S D ERRAF G P PBE ST
FEa

ek 2 1 ®ET o APL 5 ‘L;.}:x%;}_"‘% R h S5 £ AR 4 F 3R -
RS ST G LR S PR AR R S
1 ¥ = g (Industrial Ethernet)m Fm WA S R D 2 Y el (b

" ﬁg v 1 FE o S EpRiE T o ox gk (Ethernet) it 5 % > B~ TCP/IP i 2
P 0 R H E T E o

2008 # > Da’na ¥ %—*z &% TCP/IP H s PLC en% Blir#4| F » T p
TCP /[ IP 1 Bedr#1K3 P ik 73 chg A fev #E 1+ (Dana et al.,
2008) - m 1 2017 & - Bohuslava % %—g ISR A - RTAC B o i AR T
M) Tt e A kR AT ¥ 40 B EAHE AR
» ZA1* TCP/IP %3k i 2 (Bohuslava et al., 2017) o d ¢+ # %> TCP/IP 2.
A TR Apg 57 FEME 27 F WA KK 758 TCP/IP

B Pﬁ ﬁij%ﬁﬁs o
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3.1 &M ﬁjg

=R au:mf#;é]d W ~ REAE B wBEHETES > @2
SR A AR 31 F KIS 5 1 L B(CNC) ~ 5 < AF(Robot) ~ &
#iE d (AGV) 1 % ‘-—;Ei 7 3 (Order Information) % 9 #8= & 73k & & T4 5
ﬁﬁ%ﬁéﬁ%%ﬁ%ﬁﬁ%%iﬁﬁﬁm’1$€§%iﬁ¢ﬁW%ﬁ
Heyp RBAOBALH A B T2 P o ok & R e 2 % 7 (Facts) -
#g %] (class) ~ /1 (Property)fosas s B (Knowledge Rules)e74% o o

Knowledge Reasoning Layer
& protégé
— ped Reasoning
Ontology Knowledge CLIPS
Devices Data Order Data
Physical Layer
A 4
v
CNC Robot AGV PLC oFd&:

Bl 3.1 % ik
BAFT FRERE Y o BGEwanil P AR 3.2 o o A 0 B
B%? > 1 E2#(CNC)L & % » = fust¥|(Rough Milling) ~ # £ ¥ (Finish
Milling) £ 3 %] #% (Engraving) = fa+ sc 5 3] > @ 1 B T L 83538 5 0
BT #E ¢ < (PMC)# 1R 3 11 SkyMars #ic 48 k # B~ 1 # £ £*(Robot)
BB LB AP BT A G BB S R £ B RAGDS 5 & 4 UE
(AGV) 3R A Bl F) 4 F7 7 "4 » F]pt 2 PLC 1% 4 fick AGV #+ (F2 1 B >
MR AT PLC 5 = F 4T A h FX3G-24MR |54k 5 3T E Pl ¢ ¢
TATR chA SfEN R B ETR T HE mt&}fsi}?*r}: PLC 3
333@ AUE (Hub) > 2 1538 TCP/IP enil 3 4438 W3R % 730 1 4 45
FEE > @1 B8k A T T e 538 SkyMars # B > Tt ;;_J%;;ygi

|~ o

._\
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P~8 SkyMars @ B & 2 T oo mHk #-t * C#E = — Windows Form ¢h 4
ﬁﬁfk?’*ﬁ%a%?ﬂ&‘% P B RBE R iR Btk ¢ o A

T L1 Protégé 2 > AMHATY > B F k5 F AW % B Rk R
CLIPS Kk B A B BB R A TR B h e , W’?zz?]%ﬁﬁ 4

S L BV R LR

=<
2
A
v

o\ \l_-q 0%

oy

(&

Expert System

: Ontology Framework
Knowledge Reasoning Layer = =

Virtual Layer

CNC
Monitor

— SkrMars

Cloud Computing

Physical Layer

Order Information

‘ | TCP/TP
- ! TCP/P ‘
Jlsic =l
R ——
[

o Robot o
'Iﬁ . |. D """"','» "',"!"!" oo (HIWIN

RAGO5)
':E -“_ —— AGVPLC )

Mitsubishi FX3G A A !

3.2 3in % B2 1

Ris o 38T kAT A DR AR

G
|4
Rl
%
By
—i
it

i&m
Z
-
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32 2% QBB AHEE

,\

B2 A W R A e g Y 0 1§ 3 & 0 iF % (Operation) fr
T m(Resource) z 1 L EFHFE > LB & B ARk DI IR DR
i

PR AM B e AT AL ARG 0 B

[P fﬁ% ® > 3t Supervision & > » i&—&'\b’ﬁﬁ Supervision Control and Data

Acquisition(SCADA) » H 4 5¢ 5 #B~1 fr 4 A M2 iy T8 T RBR A &

4 A THAL ) A R 40R 33 5 ¢

Supervision (SCADA)

Group Control

Individual Control

Field

Primary technology

W 3.3 % 4% A

BEF > AE] R 2 o AMIEEY > 1B A L - -

PR LA
Devices ~ Process ~ Status ~ Order ~ Material ~ Time 2 2 Error » £ 4 W|iE =
H 35w > 4o 3.4 9757 o
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v Thing

v @ Devices
¥ HandlingDevices
= AGVplc
[ Robot
¥-- & MachiningDevices
v @ CNC

¥ StorageDevices
----- MatRack

----- ProductRack

----- QueMatDesk

----- QueProductDesk
¥ @ Process

¥-- @ HandlingProcess
Pbe AGVhandling
P RobotHanding
v MachiningProcess
----- EngravingProcess
----- FinishMillingProcess
----- RoughMillingProcess
¥ 0 Status

----- AGVstatus

----- CMNCstatus

----- RobotStatus

¥ © Order

----- CustomerOrder

----- FinOrder

----- MachiningOrder

----- WaitingOrder

----- Material

¥ Time

----- MachiningTime

----- DueDate

¥ Error

----- AGVerror

----- CNCerror

----- OrderError

----- RobotError

Bl 3.4 AFF 2 Gl TR A A8 roadig
ARG A A REARIE 20 4 S B AT

(1)Devices : * #F & 45 & W i PR o B¢ ER Y
(HandlingDevices) ~ 4¢ 1 3% % (MachiningDevices) 2oRE 3 KA
(StorageDevices) = Devices 3 35| o = B3+ 3BT > & A #aE

# (AGVplc)2 2 5 B £ k¥ (Robot) = #:38%k % 2.+ 5% ; 1 B
(CNC) 5 41 3%k & 2+ #7 %] 5 Rk % (MatRack) ~ & 40 1 Zof 2
(QueMatDesk) ~ = = & # i# i¥ % (QueProductDesk) iz % = 5. %

(ProductRack) s & w3k & 2. + 37 5] o
23
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(2)Process : J* #f 5] 1 & 5 i 3K & ST LA o1 2 3R A 5 BUEE
## (HandlingProcess) 12 % 4¢ 1 (MachiningProcess) » #%i i 47 2. +
Bpow] A W 5@ A #GE B #0GE (AGVhandling) 2 % B £ R #iE
(RobotHandling) o st #g ) sfuE = ¥ 118 A R TR B )P F
#* o

(3)Status * p* #F Wldp A WE HB Y KA IR i A 5 B ABIFD P
(AGVstatus) ~ 1 & # ;& i (CNCstatus) ' 2 % % £ EF & i
(RobotStatus) - 4% '% TR F S A Rk e

(4)Order © s* gl 4p 7 8 Tt 37 H AR § FEFF a8 r 42
- B I3 H RJT R A Fpt T H 4wk £ 37 H (CustomerOrder) ~

? 37 8 (WaitingOrder) ~ 4c 1 ¢ 37 H (MachiningOrder) 12 2 =
= 2_37 5 (FinOrder)z B+ #g %] -

(5)Material : " %5 %3 g BB @ #rie % TR

6)Time : R A®WgHEBmY » L& ~F2- > HIHFN5
(DueDate) 2 2 +4c 1 pF fF (MachiningTime) o

(7)Error = pagulfp FWEHE Y XF b F - RERLE 23
W A EEE B 45 (AGVerror) ~ 1 £ #8545 :2(CNCerror) ~ {4 £ £
RF 45 2% (RobotError) 12 % 27 ¥ 45 :%(OrderError) -

®
%1%

Kﬁ‘!ﬁ'%‘? W2 o REF RSP "H’" j"gﬁ;i}é‘:i KA Ti%'ﬁ—"jiﬁ

AT 2 B OB 0 4 4 R i he ) 35

Object property hierarchy:

Y- -tc:|::Ot:JectF’rc:r::ert',er

- m hasDevice

- i hasError

-~ @ hasMaterial

- @ hasOrderInfo

- m hasProcess

- hasStatus

- @ hasTime

- misMachinedBy

- misTransferredBy

24



s
1

@ MachiningTime

S
® QuePodwcmesk |\ @once |
v

YA ?& / \\

-

\ A Pz
- 7
<
- s
\ 4
b
z

Bl 3.6 % W& 3 2 G 1R T B
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33 =% & 7 i3 CLIPS ;2 B

AEP AFEEE 2P n o RAGE AL RAET R AT
MERFTELH WA EKF 65 CNC= 2 AGY &5 27 #5048
# < &*(Mobile Robot) - 48] 3.7 £2 ] 3.8 #1751 » MatRack ¥ ProductRack 4
Bl R EE A 2 CNC & 5 = fi4e 1 Alis 2 1 E 5> CNCa & fesed]
CNCbh % ##F&ed|m CNCc 5 %4 & > > &3 » CNCa £ CNCb & 2 3
ARG PEFWOEPBEARY s FIApAEEAIAE S R
B B3 s uyF R4 E 41 422 (Que Material Desk) » = @] ¥ 1 A& iR
@l~a2~bl-b2-~cl~-~c2);dl B 2P 72 2+ HFFFE®R > BFH A
{8 RALiEE 3 & 2 R1¥E R2A] 5 7 #8454 £ &*(Mobile Robot); AGV
A3 = &4~ W55l AGVL ~ AGV2 ~ AGVS -

MatRack . b .
1 [ CNCal ] 1 [ CNC b1 ] 1 [ CNCcl ]
AGV1

B

- b
[ CNC a2 ][ CNC b2 ] E[ CNC 2 ]

ProductRack

B 3.7 2 3 iE 2 2 5 B
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Mobile Robot

AGV

CNC

’7 Que Material Desk

Que Product Desk

B 3.8 BBz & BT P

%piﬁ%@lﬁ_?fg“ T RALE 4o 1 ’g S e AN S 2 Tn
o % - AR ?"*Qwﬂ’vfiﬁaﬁ C 1K o1 AT BACE 3.9 HE o
AT RARATAT 223 > Bt AR Rl - BIFERIARTLZE 2 2R
2R hE - BIHREFFARE ARIRA S EaE e 4 > H
WLRBEF o Smh b o F ';{,;E@f;ﬁ}f,qu;g{%ﬁj‘@
MAPEER > L BREFEAGEHFTIR 310 FREREREF LD W
B TR EGE R o

ld

fon
R

_Sd“‘%

Fe < — [ Fe b = [ FPi T [ A Fefx =
( 1 1 Robot 1 1 Robot 1 Robot 1 )
4 AL Robot 4 AL e 1 AGV:-
AGV%‘ 244 ¢3‘.4 ';35—}%7 Tf‘;_ #An 3 2% T ol ;b“ r‘:{"
o JEF 4e » FEIE%] fs J AL RN
Lo E;’T}"l#)t = /["KCNC — 2, R K,\a
el o - HUE T Z it A% vk E
H ¥ 4 :‘i - (al,bl,a 1 ;j 1% %%ﬁ@* i
1 t 202 | | HH= (cL,c2) " &%
@blal gz | | FE2 | | s wa | | @16
f'r']‘ 3/ %
2,b2) 1 g"ﬁ ?\'J [ %‘g_ﬂ.
ik 12 A0 ¥ #F & i
s (c1.c2) Wul (d1,d2) o

@39*’657‘ ’#‘4‘:—‘%/”%_1—}—‘]
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0: B #%(Off) ~ 1: ## (Run)

CNC
2: % (Idle) ~3: &3¢ 2 ¥ (Alarm)
: B N2 i EH
Robot 1: @ % (ldle) ~ 2: &% (Run)
3: #iz(Pause) ~ -1: % pz(Failed)
: ~1 EW
AGVY 0: R (Off) ~ 1: &% (Run)

2: % (Idle) ~3: &g & F (Alarm)

Que Material Desk

0: & RAL(Empty) ~1: 7 K (Not Empt
Que Product Desk # J (Empty) iR pty)

Bl 3.10 &=k 2 ks Fria
Bk R REE B2 W o deftemplate 7 o A G E 2 - BHEE o A
deftemplate PFv 2k % % B slot> & 2 B2 BB @ & * deftemplate
prs SRR A — B oslot (e > il - SFAEF 5 AR B R
FER PRI E LT RBAFTY R 2 AP BBE AT L P A
CLIPS #» =& 7 12 BH#4 > B 311 2 B 314 5 A7 &KL LB
deftemplate -
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(deftemplate CustomerOrder(slot OrderNumber)(slot Material)(slot
Quantity)(slot DueDate))

(deftemplate WaitingOrder(slot OrderNumber)(slot Material)(slot
Quantity)(slot DueDate))
(deftemplate MachiningOrder(slot OrderNumber)(slot Material)(slot
Quantity)(slot DueDate))

(deftemplate  FinOrder(slot ~ OrderNumber)(slot  Material)(slot
Quantity)(slot DueDate))

B 3.11 A% 3 ¢ & & Order 48 B 2. deftemplate % 3+

(deftemplate MatRack(slot Material)(slot Quantity))
(deftemplate QueMatDesk(slot DeskType) (slot Status))
(deftemplate QueProductDesk(slot DeskType) (slot Status))
(deftemplate ProductRack(slot Material)(slot Quantity))

B 3.12 % 3 ¢ £ % Storage Devices 4p i 2. deftemplate & 3+

(deftemplate HandlingDeviceAGV(slot DeviceName)(slot Status)
(slot AGVProg))

(deftemplate HandlingDeviceRobot(slot DeviceName)(slot
Status)(slot RobotProg))

B 3.13 2% 3 ¢ ¥ % Handling Devices #p B 2_ deftemplate % 3+

(deftemplate MachiningDeviceCNCmilling(slot DeviceName)(slot
Type)(slot Status)(slot MainProg))

(deftemplate MachiningDeviceCNCengraving(slot DeviceName)(slot
Status)(slot MainProg))

B 3.14 A= 3 ¢ & % Machining Devices #p & 2. deftemplate % 3+
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%37 deftemplate 2 {8 - defrule * &k = & A 7 Ap R 2P| > H X lwmid
T3 AR4e 233 #rift - § LHS R s e P &P > 2R € HF o @ ~ 7
% 7= Mobile Robot ~ AGV 1 2 1 EME X FHE? T - 5 Ft EiE Rl
EAERE FLESRPE E G F AERZRIF ¥ 3 1* declare %
XEHBALIE » #cF AR F Ao ARB AN T o MY RpH 39 Arikz -
BRPE AR » 22 0 F R RRA AT RN B - WP AT

L)% - FFEZER-Z%RAEEY 2 R EEF LT

4B 3150 P2 P AT H B M o1 B R S ETRORE b enfEsE L 2 dic
ﬁ%@%@vﬁwﬁ’?&%wiﬁ’?EME»i%’@%ﬁi
BEy 2R F 2 B R R EZEFE N o THTE
FRAAE R (S 0 4 EEE o B2 Rk REE I ARE B 3.16 7

’;F o

(defrule MaterialQuantity-is-enough

(declare (salience 1000))

?CustomerOrder <- (CustomerOrder(OrderNumber ?OrderNumber)

(Material ?Material)(Quantity ?OrderQuantity)(DueDate ?DueDate)

(Program ?Program))

?MatRack <- (MatRack(Material ?MatRackMaterial)(Quantity ?MatRackQuantity))

(test (and
(eq ?OrderMaterial ?MatRack<aterial)(< ?OrderQuantity ?MatRackQuantity)))

=>

(retract ?CustomerQOrder)

(retract ?MatRack)

(assert (WaitingOrder(OrderNumber ?OrderNumber)(Material ?Material)
(Quantity ?0OrderQuantity)(DueDate ?DueDate)(Program ?Program)))
(assert (MatRack(Material ?MatRackMaterial)

(Quantity (- ?MatRackQuantity ?OrderQuantity)))))

Bl 3.15 % - FrEit pl# ol
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(BaTE RN

T,

(RRTRMEZARE)  (RAAHELZARE)

-

(AERAERE) (TREAFHWIRE)
|

BRHAR R R RORHR BOR W b
B R R RS BA R R +;F)i{'§]‘$§%>£l%4a

(§H BRI R)

Bl 3.16 % — FFEE Pk S5 B I A7 B
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(2) % = FEEi Pl 28— 5 AGV #eds FRLJE AR 2 U8 T ek
Vg2 a1 L
d N RURLEE M de 1 L g R B B AR ] P B R - TR G
A d v o AGV MR Rk 78 U8 T B B en i 4o 1o
o Ay AGV BZ 5 3 5 0 RPN AGVL S B iRAER
> Fz 5 AGV2> s 5 AGV3 e MBI 317 e pl 5 6] > & F %
ogrHpr FECIPEESRELERET AGVLRET A Y -
Plskts AGVL > % ik f 15 2 32 3% &0 P) § Sk AGV2 & AGV3
2 F 2 & AGY H R RIEFAGY 3§ T Eak piE R
mAGV’;Haﬁlﬁ’&ﬁm;ﬂl#fﬁ%ﬁiﬁi’%ﬁ%—ﬂw 3 AGViE {7 #3F >

H hsEd i AR B4 B 3.18 #rT o

(defrule AGV1-transport-before-machining
(declare (salience 950))

?WaitingOrder <-
(WaitingOrder(OrderNumber ?OrderNumber)(Material ?Material)(Quantity ?
OrderQuantity)(DueDate ?DueDate)(Program ?Program))

?QueMatDesk <- (QueMatDesk(DeskType ?QueMatDeskType)(Status 0))
?AGV <- (HandlingDeviceAGV(DeviceName AGV1)(Status 2))

=>

(retract ?WaitingOrder)

(retract ?QueMatDesk)

(retract 2AGV)

(assert (MachiningOrder(OrderNumber ?OrderNumber)(Material ?Material)
(Quantity ?OrderQuantity)(DueDate ?DueDate)(Program ?Program)))
(assert (QueMatDesk(DeskType ?QueMatDeskType)(Status 1)))

(assert (HandlingDeviceAGV(DeviceName AGV1)(Status 1)
(AGVProg ?QueMatDeskType))))

B 3.17 % = FEEE Bl B
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Cﬁﬁnl‘ﬁﬁﬁu)\>

BAFAGV % & (BRAFSHI M 2 ho T B R
' ]
FE %A
R B R 1. fiho T S 2R b & Bk
1. # Ao T Sk 2 k& B 2. A B EAGV
2. %‘Fﬁi EAGV
AA—&ACVH E
> (ERTBAGY)
# AH— GAGVE 5 i &
(5 80P 3% 8 24 S0 VAT SBHEAGY )

BaRukE O\ TENACTRE
3 52 B L ALAGV #4798 %

A2 pAGY & & %

(AGVK 5 2 8 36 4T B HHIRIE )
|

T

(mLangrhes) (AhiifeAms el
J

-

B 3.18 & = FFEiE Bk AL B AR B




(3) # = Fe &z RI-74- 27— = Mobile Robot = J sl 5 >t &k 41 4 2.
i 1oL ZE P BUE T AP HH 2 AR (T AT
FEVI B R E P F R BRSSO
Ee N8 {74 1 » A#7 7 Mobile Robot 2 % 2 572 P # 12 Robotl
5 he® RAEREEL kS Robot2-4-K) 3.19 2 Robotl ;2 R
B OEAe R }ﬁﬁif%ﬁ'%&i;}%,@; % P> % Robotl & fk »
T FE > P5d Robotl 4 7 5 & 2. » F R A 152 02 0% X P2 2
Robot2 ;2 f] » & ¢ }= 7 > B % ¥ Mobile Robot = = § T ix7% - H %
LS P AR Bl 4B 3.20 o1 o

(defrule Robot1-CNCal-transport-during-milling
(declare (salience 800))

?MachiningOrder <-
(MachiningOrder(OrderNumber ?OrderNumber)(Material ?Material)(Quantity
?0rderQuantity)(DueDate ?DueDate)(Program ?Program))

?QueMatDesk <- (QueMatDesk(DeskType al)(Status 1))

?CNC <- (MachiningDeviceCNCmilling(DeviceName CNCal)(Status 2))
?Robot <- (HandlingDeviceRobot(DeviceName Robotl)(Status 3))

=>

(retract ?CNC)

(retract ?Robot)

(assert (MachiningDeviceCNCmilling(DeviceName CNCal)(Status 1)
(MainProg ?Program)))

(assert (HandlingDeviceRobot(DeviceName Robot1)(Status 2)(RobotProg al))))
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(defrule Robot1-from-CNCalmilling-to-QueMatDesk-c1
(declare (salience 700))

?MachiningOrder <-
(MachiningOrder(OrderNumber ?OrderNumber)(Material ?Material)
(Quantity ?OrderQuantity)(DueDate ?DueDate)(Program ?Program))

?CNC <- (MachiningDeviceCNCmilling(DeviceName
CNCal)(Status 2)(MainProg ?Program))

?QueMatDesk <- (QueMatDesk(DeskType c1)(Status 0))

?Robot <- (HandlingDeviceRobot(DeviceName Robotl)(Status 3))
=>

(retract ?CNC)

(retract ?QueMatDesk)

(retract ?Robot)

(assert (QueMatDesk(DeskType c1)(Status 1)))

(assert (HandlingDeviceRobot(DeviceName Robot1)(Status 2)
(RobotProg mA1C1))))
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(defrule Robot1-CNCcl-transport-during-Engraving
(declare (salience 650))

?MachiningOrder <-
(MachiningOrder(OrderNumber ?OrderNumber)(Material ?Material)
(Quantity ?OrderQuantity)(DueDate ?DueDate)(Program ?Program))

?QueMatDesk <- (QueMatDesk(DeskType c1)(Status 1))

?CNC <- (MachiningDeviceCNCengraving(DeviceName
CNCcl)(Status 2))

?Robot <- (HandlingDeviceRobot(DeviceName Robotl)(Status 3))
=>

(retract ?CNC)

(retract ?Robot)

(assert (MachiningDeviceCNCengraving(DeviceName
CNCc1)(Status 1)(MainProg ?Program)))

(assert (HandlingDeviceRobot(DeviceName Robot1)(Status 2)
(RobotProg c1))))
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(defrule
Robot1-transport-from-engravingCNCc1-to-QueProductDesk-d1

(declare (salience 550))

?MachiningOrder <-
(MachiningOrder(OrderNumber ?OrderNumber)(Material ?Material)

(Quantity ?OrderQuantity)(DueDate ?DueDate)(Program ?Program))

?CNC <- (MachiningDeviceCNCengraving(DeviceName
CNCc1l)(Status 2)(MainProg ?Program))

?QueProductDesk <- (QueProductDesk(DeskType d1)(Status 0))
?Robot <- (HandlingDeviceRobot(DeviceName Robotl)(Status 3))
=>

(retract ?QueProductDesk)

(retract ?Robot)

(assert (QueProductDesk(DeskType d1)(Status 1)))

(assert (HandlingDeviceRobot(DeviceName Robot1)(Status 2)
(RobotProg c1d1))))
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(defrule AGV1-transport-after-machining
(declare (salience 450))

?MachiningOrder <-
(MachiningOrder(OrderNumber ?OrderNumber)(Material ?Material)
(Quantity ?OrderQuantity)(DueDate ?DueDate)(Program ?Program))

?QueProductDesk <-
(QueProductDesk(DeskType ?QueProductDeskType)(Status 1))

?AGV <- (HandlingDeviceAGV(DeviceName AGV1)(Status 2))
=>

(retract ?MachiningOrder)

(retract ?QueProductDesk)

(retract 2AGV)

(assert

(FinOrder(OrderNumber ?OrderNumber)(Material ?Material)(Quantity ?0r
derQuantity)(DueDate ?DueDate)))

(assert (HandlingDeviceAGV(DeviceName AGV1)(Status 1)

(AGVProg ?QueProductDeskType)))

(assert (QueProductDesk(DeskType ?QueProductDeskType)(Status 0))))
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Defining
Defining
Defining
Defining
Defining
Defining
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Defining
Defining
Defining
Defining
Defining
Defining
Defining
Defining
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Defining
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Defining
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CLIFS:
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4% 4% CLIPS ## it

CLIPFS (B.30 3-17-15)
CLIPS: Loading Sslection. . .

(S EH‘&
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o AL E 21 9 % ok
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deftenplate: CustomerOrder

deftemplate: WaitingOrder

deftemplate: HachiningOrder

deftemplate: FinCrder

deftemplate: MatRaclk

deftemplate: QueMatDeslk

deftemplate: QueProductDesk

deftemplate: ProductRack

deftemplate: HandlingDewviceAGV

deftemplate: HandlingDeviceRobot

deftemplate: HachiningDeviceCHCmilling

deftemplate: MachiningDeviceCHCengraving

defrule: MaterialQuantity—is—enough +3j+3j+3

defrule: AGV1-transport-before-machining +]+j+]+j

defrule: AGV2-transport-before-machining =3+3+3

defrule: AGV3i-transport-before-machining =j=j+j+j

defrule: REobotl-CHCal-transport—during-mnilling +j+3j+3+3+3
defrule: REobotl-CHChbl-transport—-during-milling =j+j+3+3+3
defrule: Robot-CHCaZ2-transport—during-—mnilling =j+3j+3j+3+3
defrule: REobotZ-CHCbZ?—transport—-during-mnilling —j+j+j+j+j
defrule: Robotl-CHCaZ-transport-during-milling —j ] J+3+3
defrule: Robotl-CHChZ2-transport-during-mnilling —j ] J+3+3
defrule: RobotZ-CHCal-transport—during-nilling =j=j=j+j+3j
defrule: REobotZ-CHChbl-transport—during-mnilling =j=j=j+j+3]
defrule: Robotl-from—CHCalmilling-to—QueMatDesk-cl =j+3+3+3+3]
defrule: Robotl-fromn—CHCEImilling—to—usMatDesk-cl =j+3+3+37+]
defrule: RobotiZ-from-CHCaZmilling-to-QuelatDesk-c2 =Jj+i+i+i+]
defrule: REobotZ—from—CHCbZmilling—to—usMatDesk-c2 —j+j+j+j+j
defrule: Robotl-from—CHCaZmilling-to—JusMatDesk—c2 —j ] J+3+3
defrule: Robotl-fromn—CHCEZ2milling-to—usMatDesk-c2 =j=7=7+7+]
defrule: RobotiZ-from-CHCalmilling-to-QuelatDesk-cl =j=j=j+j+]
defrule: RobotZ—from—CHCblmilling-to—QueMatDesk-cl =j=3=3+]+]
defrule: Robotl-CHCcl-transport-during-Engraving =j+j+j+3+]
defrule: RobotZ-CHCciZ-transport-during-Engraving =J+J+3+3+]
defrule: REobotl-CHCz?—transport—-during-Engraving —j j J+3+3
defrule: RobotZ-CHCcl-transport—-during-Engraving =j=j=j+3j+]
defrule: Fobotl-transport—from—engravingCHCocl-to—QueProductDesk—-dl =j+j+3+3j+3
defrule: RobotiZ-transport—-from-engravingCHCociZ-to-QueProductDesk-dZ =j+j+j+j+3
defrule: Robotl-transport—from-engravingCHCcZ-to-QueProductDesk-dZ =j=j=j+j+3
defrule: EobotZ-transport—from—-engravingCHCcl-to—QueProductDesk-dl =j=j=3+j+3
defrule: AGVl-transport—after-machining =j+3j+3i+3]

defrule: AGVI-transport-—after-machining =j=j+j+j

defrule: AGVi-transport-after-machining =j=j+j+3
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[£# Research

1 s lng Svstem;

2 using Swstem.Collectlons .Generic:
3 s Ing Svstem. ComponentMode ] ;

4 s ing Swstem.Datas

5 nsing System.Drawing;

f niing Swstem.Ling;

7 nsing Swstem. Text;

) s ing Svstem.Threading . Tasks

] nsing Swsten. Windows, Forms ;

10 s Ing Svstem. Funt Ime. Bemot Ing;

11 us ing Swstem. Font Ime. Bemot Ing .Charmels ;

12 using System.Fuont ime. Bemot ing .Charmels . Top;
13 niing Interfacelib;

A

5 us ing CLIPSNET: |

i

B 4.7 351 % CLIPSNET.dII

—namespace WindowsFomsipplicationl

private CLIPSNET.Envwl rorment clips = new CLIPSNET. Envl rommenti ) ;

= SEs 2
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