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An Efficient Method of Constructing Open 3D Simulation Environment
for Articulated Robot
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(1. School of Automation, Southeast University, Nanjing 210096, China;
2. Key Laboratory of Measurement and Control of Complex Systems of Engineering, Ministry of Education, Nanjing 210096, China)

Abstract: An efficient method for constructing an open 3D robot simulation environment is presented. Based on the
platform of Matlab software, this method integrates the 3D solid design softwares such as Pro/E, Matlab Robot Toolbox
and Matlab 3D visualization technology to construct a 3D robot simulation environment with good visualization and highly
detailed model. Taking widely applied VA1400 arc welding robot as an example, steps of this method are presented in
detail, including the construction of 3D robot model, data importation of solid model and 3D animation display of the
simulation system. Thereafter, a high-level open robot simulation system with good 3D visualization is achieved. Snapshots

and simulation graphs are presented, which prove the effectiveness of our method.
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2 {FEINERISSINSEE (Steps of simulation
environment realization)
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Fig.1 Photograph of Motoman VA1400 robot
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Fig.2 Components of Motoman VA1400 robot
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F 2L step #6L slp A% XL wrl 4% 5.

ASCRH slp U SUARAE 3D SIEAA 1) 1) BLAR
R, IR AH N S S AN, SR slp SO X
(R e slp SCHK ] ASCIL R A7, A4 e
LR, SO A IR sR . BLEL ) slp SRR
S 3 FroR: BB AT RFAIAIR, BT kEE
AT (P RN T A s, SRS & B0 DL R P & 1K
G TR s, LB R /N E R e I

W bk slp STAF R L A s R, AR SCert

solid BLOCK
slor 1.000 1.000 1.00(

acel

normal 0.000000e+00 0.000000e+00 -1.000000e+00

normal 0.000000e+00 0.000000e+00 -1.000000e+00
normal 0.000000e+00 0.000000e+00 -1.000000c+00
outer loop

000000e-01 -5

x 5.000000e-01 -5 000000e-01

rriex -5.000000e-01 -5.000000e-01 -5.000000e-01

tex -5.000000e-01 5.000000e-01 -5.000000e-01

3 BRI slp SCARAE X
Fig.3 Typical slp file format
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Fig.4 Importation flowchart of slp file
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function [fout, vout, cout] = SLP_Importor(filename)

Z R B LN ) SO 4 filename.slp A H S %,
LA ASCH S JE A7 Ak (1) *.slp SO, R [A] 3D 5K
PRI ZIZ . T AR A EAE BAE A Matlab B
Bontr A S8, iR MY fout £THFIER, vout
TS A2, cout AEHIA1E E.
2.3 (FEWHEM ID B REHEET

SERLslp AP FNG, #F R &R EiR AR
3D SEARTH AR EE 120 I A ) Matlab
(1) 3D KB Bor i 4 27 oK. Matlab 1) 3D i ¥4k
Db 2t T patch &%, AT 3D EEM oK,
AR T W A% ) patch B EOH U T B
IR RE ) 3D SEARAR Y .

handle = patch(‘PropertyName’, propertyvalue, - - )

1% PR ZORT LU KA 8 7m0 B e o e PRI, o
5 1 2 7 JE M PropertyName (45 i 7 6 42 1~ 1
JE P “faces” « T A5A5 L “vertices” 4%, handle 52
SKARAE B S A, Bl VA1400 HL#S A S fil
o, AE B patch BRECK FLAE Matlab 1L 3D EJE 2
TN HR AR a0 R PR

% TR RTE

f=figure('name’,'RobotSimulator’, "WindowStyle','normal’, ...
‘color,] 05 05 0.5] units’, 'normalized’,'position’,[.1,.1,.8,.8]);

% A BEMEH AT [FE. 0=, A2]

[fout2, vout2, cout2] = SLP_Importor('soliddata/S slp');

% AE—PEREEERFOIA. BEETEE

p2 = patch(faces’, fout2, 'vertices' vout2);

% HESTEM

sel(p2, 'facec’, 'flat’, 'FaceVertexCData', cout2, 'EdgeColor’, none’),

% EEEATH

light;

% HELATHA R

daspect([1 1 1]);

% EEMMNAEML

view(3);

% WEBRTEMLALTHET. mafieE
xlabel("X"),ylabel("Y"),zlabel('Z");

title(['Axis S of Motoman VA1400 ),
range = 500; % or can be changed
axis([-range-200 range-200 -range range -500 range]),

arid;

% FHEAMERERRRLE

drawnow;
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Fig.5 3D view for Axis S of VA1400 robot in Matlab
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# 1 VA1400 Hl&: A\ DH 240k
Tab.1 DH parameters of VA1400 robot

Axis 6 o  a;/mm d;/mm 6; o[

S 6, —90° 150 0 —170° ~ 170°
L 6, 90° 0 0 —70° ~ 148°
E 6; —90° 0 614 —90° ~ 90°

U 0, —90° 200 0 —175° ~ 150°
R 6; —90° 0 640 —150° ~ 150°
B 6, 90° 30 0 —45° ~ 180°
T 6, 0 0 —200 —200° ~ 200°
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T, =°T,(6))

T, =°T,(6))-'T,(6)

Ty =°T,(6))-'T12(6,)-°T;(6;)

0T, =°T,(6,)-'T,(6,)->T5(65)-°T4(6)

OTs = T, (6,)-'T,(6,)-*T5(65)-°T4(6;)-*T5(65)

OTs=°T,(6,)-'T,(6,)-*T5(63)-°T4(6y)
“T5(65)-°T4s(6)

0T, =°T,(6))-'T2(6,)-2T3(65)-°T,4(6s)-
*T5(65)-°T(06) °T;(64)
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% R ENEAE T RIDHSE
thela=[0 0 0 -pi2 pi -pii2 OF

% theta d a alpha

L(1) = Link([ O 0 150 -pif2 1);

L(2) = Link([ O 0 0 pif2 1);

L(7) = Link([ O -200 0 0N

%% %% % %% % % %% % %% % % % % % %% % % % % % % % %0 % % % Yo %
% EHEHVA14004188 A

VA1400 = SenalLink(L, 'name’, VA1400", 'manufacturer’, "YASKAWA
clear L;

%% % % % %% % % % % % % % % % % % % % % % % % % % % % % % %% % %
% BN AL TOHEHET BT S THHHEELTR, #H)
nvi = voutl;

sel(p1,Veriices' voul1(1:3,2)");

nv2 = VA1400.links(1).A(theta(1))*vout2;

sel(p2,'Verlices',m2(1:3,2)');

nv3 = VA1400.links(1).A(theta(1))*VA1400.links(2).A(theta(2))"vout3;
set(p3,'Vertices',nv3(1:3,2));
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Fig.7 3D simulation graph of VA1400 robot in Matlab

8  VAI1400 Hlas N Hiz 2
Fig.8 Snapshot for motion of VA1400 robot
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