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Figure 1: Component wiring
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3.1 Foundation Classes

Machining systems/cells; workstations Plans

Simple machines; tool-changers; work changers Processes

Fixtures
Other tooling

Axis groups

Machine tool axis or robotic joints
(translational; rotational)

Axis components Controlcomponents
(sensors, actuators) (pid; Filters)

Geometry
(coordinate frame; circle)

Kinematic structure

Units Measures Containers
(meter) (length) (matrix)

Primitive Data Types (int,double, etc.)

Figure 2: Controller Class Hierarchy

AR S e BB M AR AR B G Rk 485 0 .35 3 814 4] (Motion Control)
#1257 #2 X 2 #8 3% ] (Programmable logic) > Figure 2 A 4 3 &% £ & ey 3 %1 25 A7 0 AR 69 22 71 15
o A% & /& > Foundation classes Fff & & B9 AR —ARAL > TIAARBI A FE A > mAR L
J& » Foundation classes ff & & 8 sARfF 54K B (Device) 894 R B R » Hloff B H ~ &
%35 ~ 2 PID #4175 Al 6y FE ixH 6 T4 - By dd %4be9 % R > & Foundation classes Af
EABRBEAMER—EAAHEST K E 1% Axis groups #AE L ##5  6418 52 (logical
entities) o & @Y 1F F ) 0y AR H] > RAITT LARIE A A vy F KATA B R E 94T £ 3
(derived classes) o BAZ L2245 APL st A A A ey 45 M RIEHI R B Reh A3 E o

3.2 # 4 (Modules)

Figure 3 23 — B H B8 B P T L BAOBE AT E » 2HER—EEE > HREEE
APl & &8 BT 71 e 4585 ¢



1. &A% & o) AEAR AL By SR BR 48 7] S AT A4 4 71

e fR S0 EA A2 X/ @(API : Application Programming Interface)

3. B EEER > NIFREABAR RGBS LIAR AT K -

FEPEH B EE Y BATRGHFERSEWE £ % 18T 24 (instance) LA R 2 R 7]
B RE o BEIRR > wR—BAHA =B XY ~ Z Ffv—18 Spindle » & KA E 4 =18
Axis Group &4 #F > agl ~ ag2 ~ag3 » 5B 25 :

agl “x,y,z
ag?2 : spindle

ag3  x,Y, z, spindle
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Axis

Control Law

Human-Machine Interface

Process Model

« Controlling one axis of
motion

« uses control law

* servo compensation

« axis properties

« axis state

« trajectory following (loop
closure)
* gain tuning

« start-up / shutdown
« system snapshot

* mode selection

« configuration

« diagnostics

* maintenance

- setup

Axis Group

Control Plan

10 Points

« multi-axis coordination

« block look-ahead

« velocity profile generation
« feedhold

« stop

« specialization of finite state
machine

« graph of Control Plan units
or nested control plans

« units are control instructions

OMAC Base Module

Control Plan Generator

* naming, version control
« directory and naming
services

« specialization for IEC1131,
RS274D, etc.
« generate control plan

Capability

Discrete Logic

« Coordination control plan
units

« corresponds to NC operating
modes

« operates independently of
other capabilities

« specialization of finite state
machine

« perform 1131-like functions

« mode switching

« read/write data

« data subscription

« data notification

« sensor integration

« domain-independent data
sampling

Kinematics

« kinematics calculations

« coordinate system
translations

« kinematics coordinate
transformation

« tool offsets, tool radius
correction

« other kinematic
compensations

Machine-to-Machine

* remote access

« transfer file across network

« program invocation and job
control (e.g. start, stop,
pause, etc. program)

« event monitoring

Figure 3: Modules

3.3 Architecture Design(Z2 #3% 1)

- feedrate override
« spindle speed override

Task Coordination

« specialization of finite state
machine

« start-up, shut-down
sequencing

« task coordination

« control cycling (i.e. request
next unit from control plan)

« error-logging
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(1) One Axis Manual Control

J£ CNC ##1 B a9 45 B2 ¥ > FHEH L —BARGHE 4 Jogging F» Homing #t
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PID
Control La
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Figure 4: Simple, Single Axis, Jog/Home Only System
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(2) Programmable logic
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Figure 5: Programmable Logic Control
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4. A FSM (Finite State Machine ) A2 Rtk & &Y R £2 Sk RE e 32 %

4.1 API &4 HLA&

EERRGAPIHH A KB ENERRIETA TN 2R ATRERRMERE
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Class Axis
{

virtual void setX(float x);
private:

double myx;
}

application()




{

Axis axl;
ax1.setX(10.0);

}

B THREAHRBENAIME > B Axis 385 P 474 F myAxis $8%] > L EFTA BRI F e AZEI Y
offset &t -

class myAxis : public Axis

{
virtual void setX(float x){ x=x + offset; Axis::setX(x); }
private:
double myx;
double offset; // set elsewhere for offset calculation
H
application()
{
Axis ax1;
myAXxis ax2;
double val=1.0;
double offset =10.0;
ax1.setX(val+offset); //setX( )% BA#E$5 & offset &
ax2.setX(val); /| BB HE o 15 offset B RS BA setX() P
H

3.2.2 Specialization 4% zk 1t ~ %P4t

FollowingError
OFS

Tuneln Output

v v

CommandedDotDot—»
@ ——»Output
CommandedDot— S — FollowingError
TUNING PARAMETERS
<4—Actual Feedback

Commanded —p

calcControlCmd() g ctual OFS
breakLoop()

makeLoop()

Figure 6: General Control Law

interface |control Law

{ /Il Paraneters
voi d set Commanded( doubl e set point);
doubl e get Conmanded() ;

voi d set CommandedDot (doubl e set poi ntdot);
doubl e get CommandedDot () ;

voi d set CommandedDot Dot (doubl e set poi nt dotdot);
doubl e get ConmandedDot Dot () ;

voi d set Qut put (doubl e val ue);
doubl e get Qut put ();




voi d set Feedback(doubl e actual);
doubl e get Feedback();

voi d set Fol | owi ngError (doubl e epsilon);
doubl e get Fol | owi ngError();

/] Offsets
voi d set Fol | owi ngError O f set (doubl e preoffset);
doubl e get Fol | owi ngErrorOf f set () ;

voi d set Qut put Of f set (doubl e post offset);
doubl e get Qut put O fset () ;

voi d set FeedbackO f set (doubl e postof fset);
doubl e get FeedbackOf fset ();

voi d set Tunel n(doubl e value); // enable with breakLoop
doubl e get Tunel n();

voi d breakLoop();
voi d makeLoop();
voi d cal cCont r ol Command() ;

calcControlCmd()

FollowingError
OFS

Tuneln

CommandedDot —1p @

Commanded —p @ E2N

CommandedDotDot —ip @

—» Output

L Ker PID Compensator
i 5 )
| 5 ©

Kfeedback !

p-FollowingError
| Actual Feedback

— 11
breakLoop()

makeLoop()

Figure 7: PID Control Law

Actual OFS

interface | PlIDTuning: |control Law
{ I/ Attributes

doubl e get Kp();

doubl e getKi();

doubl e get Kd();

voi d set Kp(doubl e val);
voi d setKi (doubl e val);
voi d set Kd(doubl e val);

doubl e get Kconmanded() ;




doubl e get KconmandedDot () ;
doubl e get KconmandedDot Dot () ;
doubl e get Kf eedback() ;

voi d set Kcommanded(doubl e val);

voi d set KcommandedDot (doubl e val ) ;
voi d set KcommandedDot Dot ( doubl e val);
voi d set Kf eedback(doubl e val);

I

IPIDTuning 4\ & 5 4% /& IcontrolLaw 2k °

4.3 client /server 4T & 2 R,

B MEZ2 4% APL f2 Uik BAL 4R 6y 38 E 4R A client /server 8922 4% o client 3% 55 %M A &
server 3% > 3 HARFEF K o server 3% & £ A AR H R A= JE o client 3% 69 F KT 4R B 48 F) &%
R W 3hAT 4 > F B Ao B A — 18 server # A 1B 2R B R F] 4742 (process) #9 client 3% >
Axis Group & &Rt & dhayE Syt hla 4 > ™ B — BB EAME Y scheduling updater £2 X, 7T 4
RLF TR ) B 34T 4 F BT » & B Axis Module 24T T ~ Bl FLFiEH2 5 - B8
scheduling updator ¥ 48 ] AEHL IR ey AR RE B R B &4 > ozt idr B - DR E I X 89
HATE)VE L EAERY o

. Commanded
Client 1 Methods

e.g. home(), tune()
Server
Axis Module
Client 2

Updater
Process
Timing, Synchronization and Sequence Methods

e.g. processServolLoop()

Figure 8 : Multiple Threads of Control

4.4 ¥k M proxy ¥ HT

client/server 8948 Z Ak B ¥ Ae % 4 45 37 3% (Local) 2, & 3% 3% (Remote) ° A7 35 69 11 3% » 35 &4 &
client #1 server 3% 8942 X7 48 5] 894742 (Process) ¥ > N B 548 Rl ey BB ik 2 F > &
B R BRI & K 8P 8 A 7 B B MR o o R client 3% #1 server 3% 69 82 X 40 O R B 0947
BEXRETEARB S > RIS LA B8 client/server 2248 » & 3 F £ proxy agent
Bty RAF BoRH0 @ K 3% - 1548 proxy agent &9 H] T A B R F @M X RE R 15
network - share memory -~ message queue - serial line % -

4.5 ATV 6 BLRR T

Frig b 3AT - & PR IRAR 9 BRFS L35 o3t 85 5% > PETRIE > ATRENE M - ME¥ A 45
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RBEBGRBAORT > OERAPUTHIES > BROEE  WMBE/MANEENRE  BE
BILE o f—18 B A BPeF1E ¥ A % (Real-time Operation System ) » B 54 48 %8 Sh 32 44142
semaphoring » B A& A&y b X S THRWEN - ME T AR AR HF > &
[

BEHATFE - FEAA B MERANEXETHREE L BB MRE - BEIRA
proxy agent &9 3k #7 » % T LA4E B & Microsoft % & &) DCOM ( Distributed Common Object
Model ) 2 & 4 Linux £ 4 &) CORBA (Common Object Request Broker Architecture )

R EAE -
4.5 Kk fE(state) ¥ % 09 4T A48 R,

48 09 AT AT & & B )30 &Y Finite State Machine(FSM)FfiE 4] - BB a4 A — B £ &
&) FSM Rt sl 4 SR B 94T A X 0 BT SRR B R B £ 24 2ok &

(state) o 2 48 Fi £ AT 0938 42 P P38 4 09 event &, 7T E 3% ARk A8 69 3245 - Figure 9 & 5w
e P — AR IR A A o

configured startup() (second pass)

CONFIGURING
disable() * enable()
resetException
- EXCEPTION | ENABLED/ shutdown()

A READY

configure

DISABLED

|A

l “command”()

EXECUTING O

throw_exception()

done()
abort()
stop()
STOPPING ABORTED
terminated resolve_abort

Figure 9: Generalized State Diagram
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5. B atmiEs

5.1 Task Coordinator
B Bk b it i RATIFELE) & % F 6942 42 > The Task Coordinator is an FSM » f& 48 4%
#] % % F Task Coordinator #y;8 & L& FSM &4 A4 &, o

ADMNSTRATION /

oS
CAPABILITY Home o Tool Change Auto
LIsT (Capability Capability D>\_|capability

Capability

>
DOMNON
\\
T
CPU Blockt < CPUBIck2 S
S -
N s
¢ N v
FSM STATE FSM STATE FSM STATE
Axis Group Discrete Logic Unit

Figure 10 : Task Coordinator Computational Model

H-EEHBA2%MmT > THRASKXSHRWHEFLE TRTE BT LB FH
RIERBFFHENFR - b LB RAE » £ S TRMABRIEAE AKE @EF > TTHEEWN
Manual # R, » & #4EH 3 F AUTO ##428F » HMI 4 48 4% #147 Manual 34 4E 49 stop( )
& X, 345 AUTO 44 4¢ Task Coordinator 8447 %] (queue) F A » &1E A & sbiF
AT T2 X B BAFHBEAR 4 E LA A B (Control Unit Generator) ¥ LA #23%
f2 X T TR 48 0 B3] A2 state machine By 4F 3t B 46 PAT A2 X 09 AR3E DUE £ BRIAT
&4 4] % 7t (Control Unit ) -

5.2 Programmable logic
Programmable logic #% 48 Fv Task Coordinator #% 4848 5] > <. & 1% i@ FSM a9 #%#| R 4 & #
$EIrH B e AT o —AZ AR IR > Programmable logic &9 FSM o U4 4T 24 IEC-1131 3&
T B Soft-PLC A2 X ARE s T HAT R BEIEH B 7T -

5.3 Axis

g ERES—AES M FIRIES > BEEE 10 % B RITHER] - BT B =L 5B
WAL E R E RIS IER]
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f AbsolutePos

1
Commanded
Output
1

OMAC Module . b Jogging
SensedState A 3 A /
1 1
| L .
AN 1 1 Homing
1 ! / ~
1 1
Rates * - 1 . /1
Axis ro— 1 1
177 : 1\ AccelerationServo Control Law
- 1
A ! 1 / 1| \ 1 1
Limits / 1 1 1 A
1 + ForceServo [ 1 -1 % Control Law
K Error and 1
Kinematics Enable \
_/1 PositioningServo[- 1 - 1 p Control Law
> 1
Dynamics \
VelocityServo [ 1 = 1 # Control Law

Figure 11: Axis Class Diagram

5.4 Axis Group

Axis Group # 48 & & #% G-M Code A7 & & 63 E &) 4 4 AR E R S IE RIS UABF R B4 A X 8
R IRIE ] 44 o

5.5 Kinematics
BEEH AL TEGZAREGH PO E > EARGERIL o B & E & offset FoikfE1E -
5.6 10 System

OBANEZBENRAZAATTREREROWMEARERBE RGN & AERTH
10 % B2 ey &) /5 o L 4 % ¥ &9 DAC(Digital to Analog) & %] » BERKMTET A —EE A
IO B £ E > 10 9 RSN RE — B —REHERAEGANG N &@» 5
ReadValue( )#2 WriteValue( )& =&, °

5.7 Control Plan Generator

EHELEEB A RBAATRZXLAFE > EEB IS E T 4o Line > Arc Circle
F o A TAE— RAALEEAE Ao T A2 K B B R E AT — B T e dE S -

5.8 Human Machine Interface

AN EEEE FEREFBSRAREIELRS
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< HMI Subsystem Machine Controlle>

>

. oA | Model
View Control Data & Events
(Presentation (Application
Specific) Specific)
[ oamman 000 |
[ 4 |
[ Ayike T
| — O
Adreflontsier | [ — I
- I, SO0 LIRS LI
[ FedsTComemand || T . |
T, [ T——— |
= loren - I ——)
= — T [ —
Homa [ —
EEEET RikEs
Fostion [FEET] - 1
oy ] e
____Hh-h
Eadmum 0 00
Wiri ~1000.00
__ -
Aas 3 o

Figure 12: Human Machine Interface

5.9 Machine To Machine Interface

BHTESEERFEE > flde PCL> NC & > B R4 APLE £425] 5 2 M 69 1830
I o FREEN B AL - BT S A AR

6. éé%% ]

BEPCAY - BARNE L > RIVTRRZETHE  —BEREEHAGZ S BAER
TARBALHRRE > R THERE A L2 GERFOEAIEI n2 I LhPHARGEF £ &
B A A RE G RAE T ARG » L HARMTEASFBRE HIRAGIFALT » BN EFELAR
HiRG - M AL R ARBOHEBZAN - BRELESOER e HE—Fam - #
—AGWRBERR - Bt wF PCEA¥ - —EHAEEROZRELEDFTRKRT A
EXEIR-S -2k i

4o ) AT @ & 2 8 AT AR 6 0 BAZCMEZE A4S APL 89 B AR AN T RAR BAC G IR B R T
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RAGOEHT AL - BARE BB HAAMAMYEEZRERE > EXATER
A& S35 B A 6932 4 (plug-and-play) » BB R RS A H e bR R R R
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