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Abstract

: An open architecture manufacturing strategy intends to integrate manufacturing components on a

single platform so that a particular component can be easily added and/or replaced. Therefore, the control
scheme based upon the open architecture concept is hardware-independent. In this paper, a modular and object
oriented approach for a PC-based open robot control system is investigated. A standard reference model for
robot systems, which consists of three modules; hardware module, operating system module, and application
software module, is first proposed. Then, a PC-based Open Robot Controller(PC-ORC), which can reconfigure
robot control systems in various production environments, is developed. The PC-ORC is built upon the object-
oriented method, and allows an easy implementation and modification of various modules. The PC-ORC con-
sists of basic softwares, application objects, and additional hardware device on the PC platform. The application
objects are: sequencer, computation unit, servo control, ancillary equipment, external sensor control, and so on.
In order to demonstrate the applicability of the PC-ORC, the proposed PC-ORC configuration is applied to an

industrial SCARA robot system.

Keywords : PC-based controller, object-oriented analysis, open architecture, robotics
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Open robot controer server :5 started
Each objectis connectad 0 server
Each objrct statue (s Ok

PMAC metan cortroller status is Ok

I% 4. $EAZEY BEY Mul/Feo]dE
Fig. 4. Client-server characterization of the applica-
tion software module.

3% 5 PC-ORCY &7 A T2
Fig. 5. A configuration editor of the PC-ORC.
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Fig. 6. Components of the PC-ORC.
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® 1. OR Instruction set &= ¢].
Table 1. OR Instruction set commands.

Command Command unit
Mave'Th Taol(gripper_tcf) to
MoveTo TargePoint(point narme)
MoveNear Tool{(gripper_tcf) relativeto
Linear TargetF “.r ol _::r}:ne) ::t;l Offset(x,y,x,
interpolated oo, pltch, 7
motion MovePath Tool(gripper_tcf) according to
MovePath Path(Path_name) with Offset(x, v, z, roll,
pitch, yaw)
. MoveCircle Tool(gripper_tc)te
MaveCircle TargetPoint(point name)
Move control Continous
command unit CP mgtion | path CP_Generation(Source, File_Name)
genrtation
MoveSingle MoveSingleAxis Joint(JointNum) with
Joint Axis Const{value)
interpelated MoveAllAxes Joints(Joint_L, Joint 2,
| motion ’IZ/IoveAllee Joint_3 ...) with Const(value_1, value_2,
_— value 3....)
Open Open Gripper(gripper_name) with
Gripper Const(value)
motion Cluse Close Gripper(gripper_name) with
Const(value)
Cpmmand Command unit
Set Mode(joint/linear)
Set JointSpeed{value)
. Set TipSpeed(value)
Conﬁgurath;n cu_r:u—ul Set
command un Set ScrewSpeed(value)

Set ScrewAccel(accel_value, decel_value)

Set JointAccel(joint_num, accel_rise, accel_fall)
Board_Initalize(address, value)
Capture_Image(value)

Vision Prefilter(value)
Operation
C

Detect_boundary(value)

Logic device control

command unit Erosian_boundary(value)

Save_Data(File_nare)

Send Send Signal(signal_num, value)

Get Get Signal(signal_num)

Wait Wait Signal(signal_num, compare_value, timeout_value)
OnState OnState(condition) ~ stop/continue

Program cn:‘:!r:ﬂ IfThen IfThen(condition_compare) ~ (other corunand unit)

While While(condition) ~ exit
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Fig. 7. A dialog box of the motion program editor.
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Fig. 8 Hardware configuration of the PC-ORC ap-
plied to the SCARA robot.

{c) PC-ORC component
a9 9. 2vtekR2 R A8¥ PC-ORCe] 4@ #],
Fig. 9. An experimental setup of the PC-ORC ap-
plied to the SCARA robot.
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Fig. 10. A virtual SCARA robot configured with CODE.



Journal of Control, Automation and System Engineering, Vol. 6, No. 5, May, 2000 423

e AAdE o9 Zo| F5H HXFRE wigoz
CODE®] 7} Algdoldl &3 28 AAL 473/
Bastd HEFAHA dolElgd s A4 PCE ool9t
Zol ZAE vole#Yg dx¥ Dual-port RAME Al
&3t PMAC W=REe HolZ g2 =gt Bwe] A%
B A9HRE F7130 MEFEZY uEl PMACAHIA
Aol7b #yPAct =3 PMACS F39 ZA93S PCE
Aggith, o]9} EAJo] Windows NTA A= t}geo 28
TEAYE FHIAT oI dH AJES 5
8] ORISE Algste] E¢ao] Tzaxle AAstA 1
H 113 2o} ol9f Zo] g Z23dL ORIS I
719 W= v WIS Bt Z AR Bl APT
T A= Fdl9) o2 W

( Vision library execution ]

void initalize_vision(void}
{ intPC(0xD800, IRQ13);

OR Instruction Set  IntDSP(;,  }
s vaid Capture_image(void)
{ Freeg(FM11}; U
Yision operation Freeze(FMi1), e
Free(FM21}, :

Board_Initalize(y. board) Showimage(FM21);
Capture_image{void) FILE_SavePCX{1, circie pex’),
Prefiter{vaid) deiay(600);

Detect_boundary{void)

p:x_putpxyZSE(-Z,-z,':srcle pex); }
Erosion_boundary(void) .

Save, datatvuid) r—
CODE API
Rebot oparation P e MoveToNode{acara, 400, 350, Gripper 1)
St MOSICP) CxMoveToNode(scara, 389.7, 355, Gripper_tcf)

o " 388.0, 359, o | i
CP Generation('ral_dats") oveToNode(scara, 3! 359, Gripper_tcf)

CxMoveToNode(scara, 308, 348, Gripper_tcf)

PMAC Languge ]

X88 Y-55 Z0 AQ
X660 Y-647 Z0 AD
X854 Y-547 70 A0

719 11. OR Instruction Set2
Fig. 11. An example of motion programming using
the OR Instruction Set.
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{(a) Animage obtained from  (b) The boundary extracted
the CCD camera from the origina image.
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(¢) The results executed on the PC-ORC.
% 12. PC-ORC/elA AA e &34 2 A3z
Fig. 12. Trajectory extraction process and the results
executed with the PC-ORC.
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Fig. 13 The tracking performance of the first axis of

the SCARA robot.
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