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Abstract:

The paper presents 3D simulation of robot Stanford using Labview. The simulation program involves
two working modes. automation mode and manual mode. In the automation mode, robot Stanford works
with known trajectory resulted by resolving optimization problems. In the manual mode, the moving of the

robot is controlled by external joystick.
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1. Introduction

Today, robot technology is widely applied in
many fields such as industry, rescue, and health.

These are indispensable devices to
production systems, especially the flexible ones.
Robots are designed to be more intelligent and
capable of performing various operations with
complex motion trajectories. Robot control
problems are often based on design objectives to
choose the appropriate method. For robots with
complex designs, to achieve the goal of the problem,
we may have to use a combination of many different
methods for many stages such as balance control,
control of movement orbit. This is an area that many
scientists are interested in studying.

Robot Stanford is one of the classic robot
models with five rotary motion stages and one
translational motion stage. Computer simulations to
investigate instantaneous joint variables are useful
for research and development of this type of robots.

LabVIEW [5] is a development environment
based on the graphical programming language,
commonly used for the purpose of measuring,
inspecting, evaluating, processing and controlling

parameters of devices. This is a versatile
programming language, like other modern
programming languages.

LabVIEW  includes data acquisition

libraries, a variety of control devices, data analysis,
representation and storage. It also has development
tools specifically designed for device coupling and
control.

Based on the dynamic problem solving
for robot Stanford, the paper focuses on building
simulation programs on the Labview environment
with two modes: automation mode and manual
mode.
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2. Main Content
2.1. The Dynamic Problem

For the dynamic problem of robots in general
and robot Stanford in particular, there are three
parameters that needs to be set [1, 2]: The Denavit-
Hartenberg parameter (DH), the positioning matrix
and the end-to-end state matrix.

The native position of the two linkages is
determined by ¢ and 6 . In that, d is the distance
between the normal lines along the n-axis. 6, is
the angle between the normal lines in the plane
perpendicular to the axis. a , 0 , o and d, are called
DH parameters.

According to Denavit-Hartenberg, matrix A
is defined by the rotation and the relative translation
between coordinate systems of two successive
stages. This matrix will describe the relative
position and direction between coordinate systems
of the stages.

According to Denavit-Hartenberg also, the
product of matrices A is called the matrix T. For
example, a robot has six stages:

T, =A*ACA A *AFA, (1)

T, describes relationship of the direction
and position of the last stage to the basic coordinate
system.

2.2. Theoretical basic of dynamic equation system
and inverse dynamical methods of robot Stanford
2.2.1. The Dynamical equation of Stanford Robot

The DH parameter table of robot Stanford is
defined as follows: (* is joint variable).

step 0. a; a, d,
1 0* -90° 0 0
2 0%, 90° 0 d,
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3 0 0 0 d*,
4 0%, | -90° 0 0
5 0%, 90° 0 0
6 0%, 0 0 d,
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Figure 1. Model of robot Stanford

For simplicity in the process of writing
matrices A and dynamic equations [1,3], we
abbreviate the trigonometric functions as follows:
ci = cos(0) ; si =sin(0), we have:

cos® —sinBcosar  sinBsindt acosO
4 = sin@  cosOcoso  —cosOsina  asin
n 0 sinQ cosQ d
0 0 0 1
cl 0 —s1 O
sl 0 cl 0
Ao =1 0 o
0 O 0 1
c2 0 sl 0
s2 0 —cl O
ATlo 1 0 @
0o 0 O 1
1 0 0 O
01 0 O
Ao o1 @
00 0 1
¢4 0 —s4 0
s4 0 4 0
ATlo -1 0 o
0 O 0 1
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c5 0 s5 O
s5 0 —¢5 0
A=lo 1 0 o
0O 0 0 1
c6 —s6 0 0
s6 c6 0 0
A=lo 0 1 de
0 0 0 1

We have the dynamic equation of robot
Stanford as follows:
T,= A*A*A*4,*A.*A,

n, o, a, p,|
n o 4 | AT, )
00 0 1

Multiply the matrices and balance the
corresponding elements of the two matrices, we get
the dynamic equation system of robot Stanford as
follows:

n_ = - s6*(cd*sl + cl*c2*s4) - c6*(c5*(sl1*s4 -

cl*c2*c4) + cl*s2*s5); 3)
n, = s6*(cl*c4 - c2*s1*s4) + c6¥(c5*(cl*s4 +
c2*cd*sl) - s1*s2%s5); 4)
n_=s2%s4%*s6 - c6*(c2*s5 + c4*c5%s2); 6)
0, = s6*(c5*(sl*s4 - cl*c2*cd4) + cl*s2*s5) -
c6*(c4*sl + cl*c2*s4); (6)
0, = c6*(cl*cd - c2*sl*s4) - s6*(cS5*(cl*s4 +
c2*cd*sl) - s1*s2*s5); (7)
0, = 86™(c2%s5 + c4*c5*s2) + c6%s2%*s4; ®)
a, = cl*c5%s2 - s5%(s1*s4 - c1*c2*c4); )
a,= s5*(c1*s4 + c2*cd*sl) + c5*s1*s2; (10)
a_=c2%c5 - c4*s2%s5; (11)

p, = cl*d3*s2 - d6*(s5%(s1*s4 - cl*c2*c4) -
cl*c5%s2) - d2*sl; (12)
p, = cl*d2 + d6*(s5*(cl*s4 + c2*cd*sl) +
cS*s1*s2) + d3*s1*s2; (13)
p.=c2*d3 +d6*(c2%c5 - c4*s2%s5); (14)

If the values of the joint variables are known
then the matrix 7, is defined.

SOLVE THE DYNAMIC EQUATION OF ROBOT
STANFORD

The dynamic equation system of robot Stanford:

T,=A *A,*A,*A,* A, * A, (15)

Multiply (15) with inverse matrices of A, we
obtain:
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AR T =A% A AR A*A, (16)
Ay A KT, =AFAFAFA, (17)
A" FA AT RT = A, A KA, (18)
AN FAS KA A T = A, A, (19)
AN FAS A A R A R T = A, (20)

Solve the dynamic system equations {(16),
(17), (18), (19), (20)} we obtain:

0= arctg2(m,n) -
arctg2<d2/(r *d6), +

[m = (%— ay)

1 —(%)2) 1)

with: (sg—ax)
l=\/m +n*
—arctg2 Fpxtpy*sl—
d6* ax *cl+ay* Sl)pz dé * az

(22)
d,= 2 *(pz—d6*az)+cl *s2(px —d6 * ax)+

+ sl *s2(py—d6*ay) (23)
[94 = arctg2[ VY *cl —ax *sl,
3 ay*c2*sl+ax*cl*c2—az—s2
l0.=6,+180
(24)
0, = arctg2(sS,c5) (25)
0, = arctg2(s6,c6) (26)

Equations (21), (22), (23), (24), (25), (26)
determine the roots when solving the inverse
problem of robot Stanford.

2.3. Simulation Program

LabVIEW is a powerful graphical
programming language [4, 5] that supports
computation in measurement, control, culling and
simulation. The basic functions used in the article
are: 3D Picture Controls and Input Device Control.

Based on the dynamics problem of robots,
this article simulates motion of robot Stanford on
the LabVIEW platform with two modes: automation
mode and manual mode, according to the following
algorithmic flowchart (Figure 2):

36  Khoa hoc & Cong nghé - S6 18/Thang 6 - 2018

FALSE TRUE

READ T61& T62

Toi_uu.vi

Control every
step step

L LI

Figure 2. Flowchart of the simulation program

Control every

The parameters to be calculated are the joint
variables: 0, 0,, 0., 0,, 6, 0,. These parameters are
displayed immediately during the movement of

joints (Figure 3).

Figure 3. The main interface of 3D simulation
program of robot Stanford on LabVIEW environment

In automation mode: enter the substitution
parameters (position and direction) of the end points,
the joint variables will be calculated through the
reverse dynamic problem. Instantaneous parameters
are calculated and displayed in digital form.

Figure 4 and Figure 5 show the results of the
movement of robot Stanford in automatic run mode.
The joint variables are displayed immediately
during the movement.
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Figure 7 and Figure 8 show the result of

o robot Stanford controlled by a Joystick.

Figure 5. Robot Stanford is in the second place

In manual mode: the Joystick issues Figure 8. The program runs in joystick mode
commands via USB. Software written in LabVIEW

reads values from this port and gives output - Conclusions . .
in respond to input command. Instantaneous In addition to studying the theory of solving

coordinates will be calculated by solving the direct ~dynamic problems for robots in general and for
dynamic problem and displayed in digital form. robot Stanford in particular, the paper combined
LabVIEW graphical programming language with

solving problem on Matlab to put into the main
program core to construct visual objects with
instantaneous joint variables.
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MO PHONG 3D ROBOT STANFORD TREN MOI TRUONG LABVIEW

Toém tat:

Bai bdo trinh bay két qua mé phong 3D robot Sanford trén méi trieong Labview. Chicong trinh mé
phong 3D truc quan, dé dang quan sat qua trinh hoat dong cua robot Standford Mo phong hoat dong theo
hai ché dj: ché do chay tw dong va ché dg diéu khién tir thiét bi ngoqi vi. Ché dé chay tw dong sé chay theo
quy dao va nghiém s6 16i wu da doc gzal Trong ché d¢ diéu khién tir ngoai vi, robot mé phong sé chuyén
dong theo tin hiéu diéu khién tir tay cam bén ngodi.

Tir khéa: Piéu khién PID; Vit liéu na nd; Phdn phoi vit liéu na né; Mé hinh phi tuyén.
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