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ABSTRACT

In this paper, the graphic simulation system is presented which supports the determination of ef-
ficient multi-robot motions during cooperation, For the construction of the simulation software for
multi-robot motions, two problems are described.

First problem is that all the robot motions must be determinded using both the desired object
motions and the holonomic constraints with the object. To find the robot motions combined with
the various object motion path, the robot motions are derived from the desired object path instead
of a master robot path. Therefore, robot motions can be easily modifiable with the various object
motions. This type of motion determination is different from that of the master-slaves method
using the master robot motions.
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The other problem is that the developments of robot application softwares need a heavy cost

when the participated robots or the tasks given to the robots are changed. Based on

object-oriented programming paradigm, we present useful software objects describing robot appli-
cation programming environment. The object-orientaed programming paradigm increases the
software reusability, reliability, and extensibility, and also provides the structual concepts to cope

with the various demands of robot application programming.
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1)Kinematic Parameter Description

total number of joints and joint types,

Denavit-Hartenberg parameters table.
2)Dynamic Parameter Description

link masses and inertia tensors.
3)Control Parameter Description

motor resolutions and gear reduction rations.
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("class PATH_ FRAME

-
class

WORKCELL

private:

public:

int TNA; // #of robots

ROBOT srobots;

FRAME ebasis; // bagis of robot

FRAME econstraints; // hands constraint

COMPONENT object;
PATH_FRAME »objsct_path;

WORKCELW(); // constructor
~WORKCELL(). // destructor
orms_position():

arma_veloci 3
orma_occeleration();

-
closs

rivate:
P FRAME frame;

tloat evelocity: // linear and anguiar
float <acceleration;

floot time;

floct sseuler_jac: // euler jacobian
float eeeuter_jac_dt; // derivation

floot eposition; // x,y.z and euler angles

public:
PATH_FRAME(); // constructor
~PATH_FRAME(); // destructor
void position6(); // euler parametrization
void velocity6(); // with euler_joc
void gcceleration6();
U
rcloss JOINT
private:
FRAME frame; // D_H transformation
int jnt_type;
float degree: // current ot volue
float velocity;
float acceleration,
fioat torque;
float upper_limit;
floot i
float
public:
JOINT(); // constructor
~JOINT(); // destructor
FRAME jnt_frame() | return trame; }
3
.

ROBOT

private:

pubdlic:

Lk

int UNT; // d.of

JOINT ejoints; /// aray of JOINT

UNK <links; // array of UNK

FRAME base; // w.r.t. station frome
FRAME stransformation; // D_H transform
FRAME sforword__tr;

FRAME sbackward_tr;

PATH_FRAME hand;

float sxjacobian;

ROBOT(); // constructor
~ROBOT(), // destructor

class LINK )
private:
: FRAME frame. // D_H tronsformation
COMPONENT «body;
public
LINK(): // constructor
~UNK(), // destructor
| FRAME link_frame() § return frame; }
-
closs COMPONENT )
{
private:
float moass;
float seinertio:
public:
COMPONENT(); // constructor
~COMPONENT(); // destructor
Ul J

g 2, el
Fig. 2. Construction of Objects

860

www.dbpia.co.kr




WX/ HFREEL] FRAYE A8 A EHolE 4

7] syl A" 43)sich

# 19 gte @ )2 ¥ Denavit-Hartenberg ®
& JOINT 4 A5 LINK A 419] -2 Agslel
oA HFEAL WL &) gro] et

m{n

for (i=0:i<JNT:i++)
D _H trans[i]=joints[i].joint frame() * links[i].
link frame() ;

g oM Ae 9o Hitol
StE v 8 -%a'% ;337} Ry FREL s o
st 7}Al A& »’.fz}-é}oq Wiratg el kS WA
sz, ThE A AREE sl Aol A o
2 HEE HHES ol%zﬂ@! - 3 I = S
e Hast gy @M Al M4
s AR GFA gn N yHE wnrh g
Gid=8

3.2 Class WORKCELL

WORKCELL 7294 &= ROBOT A 2] wjd =} ¥
zre] Aol A 7zt R EQ AHAAYE $3s7]
ate] hAHE 2] AA Hy el Hg 918 PATH F-
RAME 79 wid-g ¥&sty, PATH FRAME
AAE Az REAL HED G0 S5 Y A
% 5e WAsta, AAY Aol A o] g5 A
doltl, WORKCELL = 82§ g 24
E A2 e golste, sas)olor & gzl
A4 Hug ol gatel 7t 2uES) $¥58 Aste
Aarg FPF £ 2v WORKCEL WA o] 27
315 913 2ol FHAYS sl 2REE] V]
A FHEA A9}, ddE LA LH o] A
Bl 9] 9% 5§ vepdr)

0:

%y
4
-

m,‘J

H 2. WORKCELL 7& g A3 44 &%

1)Robots Description
total numnber of robots.
robot base frames with respect to station frame.
robot constraints with respect to object frame,
2)Object Description
mass of object.

intertia tensor of object.
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