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A NUMERIC METHOD TO DETERMINE WORKSPACE
OF INDUSTRIAL ROBOTS

Pham Thanh Long", Le Thi Thu Thuy
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SUMMARY

Shape and capacity of robotic workspace are critical information when selecting robot for
particular purpose. This paper presents a humeric method to determine workspace of any dumb
robot. This method is the consequence of the application of GRG algorithm when transforming the
robot kinematic problem into optimization combined with the bisect method. The shape and
capacity of robot workspace resulted from the method in 3D format with adjustable accuracy can
be chosen. This results can be used in robot designing.
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ROBOT WORKSPACE

Robot workspace is the movement field of the final activator. This is a continuous space with
particular shape and capacity. The determination of this space is not so difficult in flat or simple
robots. However, in parallel or serial robots with 6 degrees of freedom, the inference is not
simple.

Workspace can be defined in two ways:

- The zone in which the final activator can reach and direct the tool (Type I).
- The pure reachable zone (Type II).
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Figure 1.Workspace by compounding the basic geometric shapes for each joint (a) and workspace in front
view 2D (b)

Workspace type Il always contains workspace type | as the strict requirements of the Type |
eliminated a large number of points which are not satisfied the tooling orientation. The
description of the two types in detail helps to build boundary conditions to find the shape and size
of workspace.

In fact, in the catalogsprovided by robot manufacturers,workspace type Il is presented in front
view and top view without 3D view. In this paper, the determination of both types in 3D view is
presented.
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ALGORITHM TO DETERMINE WORKSPACE

If we use the definition of workspace as the
reachable space of final actuator then the
equivalent technical interpretation is the
inverse kinematic problem which must have
its solution at the point where the final
actuator is reachable. To actualize this, the
following steps need to be done:

- Meshing the whole robot space using such
rule that is easy to investigate and coordinate
points in motion field.

- In each simple investigation line, in both
increase and decrease direction, the boundary
between the root-point and non root-point is
required to point out. The middle point of
these points is considered belong to limit
surface with the fine grid.

- Scanning all points on the edge of
investigating space to show the clear
boundary between workspace and the
remaining.

- With the workspace type Il, the condition
for a point p; considered belonging to the
workspace is thekinematic equation at
that point has root.

f(@ ) = p;
qimin < qi < qimax (1)
i=1+n

In the equation above, the inequality constraint
presents the mechanical structure condition.
However, the kinematic equation does not
present the orientation of the actuator.

With the workspace type I, mathematical
model has constraints describing the
orientation of the actuator basing on the
particular conditions of the problem. Beside
that, constraints describing mechanical
structure of the robot isstill the natural
constraints.

f(OOn) = Py

Oimin = i = Oimax

Ajmin <0 = 0jmax )
i=1+n

j=n+1l+m
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The orientation constraints in the model
restricted the workspace. Due to this reason,
the trajectory problems should be simulation
checked before applying on robot as robot
may not be able to move its final actuator
through a hole in the workspace, at which the
Jacobian matrix becomes zero.

To show a point belong to the boundary on
Workspace,flet look closer to schema in figure 2.

Figure 2. Describing the boundary of workspace
of robot
As can be seen from figure 2, with the
moving orientation through pi, pi, Pi-1poINts,
searching space 2d, the problem has root at p;.
1. Continue searching to point pi., the
problem has no root. With d small enough, it
can be approximately considered p; which is a

middle point of p,_,p,, belong to the

boundary of workspace. To increase the
accuracy of the algorithm, the roots of
equation (1) at p; can be checked to determine

either P4 P, or p, p;,, contains point

belonging to the boundary of workspace.

The searching result is complete when the
algorithm is completely done in all searching
directions. Set of boundary points describes
the form and space of the workspace.

If the searching mesh is not done at the
beginning, the bisect method can be done as
alternative. Searching process stops when
accuracy conditions of the results are satisfied
equation (3)

d>p,,-p @)

In (3), pi and pi.; are two points appearing in
consecutive searching round. One of these is
belong to workspace and the other is not,
equivalent to be a root or non-root of equation
(2), respectively.
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Robot needs identifig Meshing and search in three Find the opposite point pi-1
workspace and directions x, y, z of the base and pi + 1 on ox axial test

Repeat the

search on the

characteristics eguation reference  frame, solve conditions (3), show the user oy and oz

(1) repeat (1) or (2) for the point pi on the wings of the of reference
point Piwithi=1-n workspace frame

Figure 3. Schema of solution steps
ALGORITHM FOR INVERSE KINEMATIC PROBLEM

As the problem (1) or (2) is solved repeatedly, the effectiveness of the algorithm depends on the
time to solve the problem. In this paper, to conform to the requirements of surveying all kinds of
different robot, we present the numeric method mentioned in [1].

Basis of problem transforming can be presented in figure 4.

base point

work space

tool point

Figure 4. Vectors forming in serial and parallel robots

It can be seen that in terms of modeling principle of the two robot kinds, their kinematic
problems can be described in the same vector form:

AA.AT=XER (4)
Or in algebraic expression:

Sy =8y

a, =3

a, =y 6

Py =2ay,

Py =8y

P, =8y

This problem can be transformed into an optimization problem
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L=f(q,,0,,.0,) > min
g, € D;
i=1+n 6)

The solution of (6) must be the root of (5). Therefore, the objective function of (6) is described as
L= (Sx —812)2 + (a‘x —313)2 + (ay —623)2 +(px —314)2 +(py _a24)2 + ( P, _a34)2 (7)

Problem (6) is stably solved using GRG algorithm with high accuracy [1]. This method is
suitable for technical problems on a great scale.

NUMERIC SIMULATION

Considering a robot describing in figure 5, to determine the 3D workspace of this robot, the
following parameters need to be examined:

650 Three orientation components
a12=-(((C1.Cz.C3-C1.Sg.83).C4+Sl.S4).C5+(-C1.C2.Sg-
C1.5,.C3).S5).Set+(-(C1.C,.C5-C1.S,.S3).S4+S:.Cy).Co
13~ ((C1.C,.C3-C1.S,.55).C4+51.S4).S5-(-C1.Co. S5
C1.5,.C3).Cs
3.23=((Sl.Cg.C3'81.SZ.S3).C4'C1.S4).85-('81.02.83'
$1.5,.C;3).Cs
Three position components
214=500.((C;.C,.C3-C1.S,.S3).C4+S,.S4).S5-500. (-
C1.C,.S;- C1.S,.C3).C5+650.C;.C,.S3+650.C1.S,.Cs
+125.C;.C,.C5-125.C,.S,.53+580.C;.C,+160.C,
4 224=500.((S;.C,.C5-S1.S,.S3).C4-C;.S4).S5-500. (-
Z % $1.C,.53-51.5,.C3).C5+650.5,.C,.S53+650.S,.S,.Cs
_160

125

=P
|100

400

580

430

+125.5,.C,.C5-125.5,.5,.535+580.5,.C,+160.S;
a34=430+500.(Sz.C3+C2.83).C4.S5-500.(-
S$5.535+C,.C3).C5+650.S,.S3-650.C,.C5+125.5,.C5
+125.C,.55+580.5;

Figure 5. Robot VR006-CII and its feature kinematic equation set

. Mem | VRWSCH  VROGCH
[Tyvpe [ YA-11IKMRS1 || YA-IKMR61 |
Degree of freedom 6 axes
Max. allowable loading weight Skg || kg
Rotation (RT) £1550
(Referenced from front)
Arm g{?}:eilcic?&iil vertical) +130°-90°
) Front arm (FA) +180°-180°
Operation range (Referenced from herizontal) +90°-80°
Fotating (RW) +180°
Wrist ?R?fiﬁié Ec‘lv;;onl fore arm) 9391550
Twisting (TW) +400°

Figure 6. Boundary conditions for movement when finding workspace of VR006 Cl|

Meshing the space with grid length of 50 mm, using bisect method to have smaller grids at the
boundary, the results of numeric investigation of workspace type Il in top view and front view
are shown in figure 7.
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Figure 7. Describing of workspace when connecting points in boundary of robot VR006- ClI

Figure 8. Describing of workspace in 3D of robot VR006- ClI.

CONCLUSION

The combination of the bisect algorithm and
GRG algorithm makes the determination of
workspace of robot VRO006-CIl easy and
effective. The expansion of this method into
any dumb robots depends only on the ability
to solve its feature kinematic equation set as
described in (1) or (2). This ability to solve
the set is proved in [1,2].

The algorithm is especially effective when
being applied in parallel robots with high
complexity in structure due to the limitation
in imagination. In this situation, it is difficult
for other methods to find workspace to be
applied.

The method is especially suitable to construct
3D workspace. Therefore this method can be
used as a critical part in designing and testing
robot before manufacturing or operating.
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TOM TAT

MOT PHUONG PHAP SO XAC PINH VUNG LAM VIEC
CUA ROBOT CONG NGHIEP

Pham Thanh Long’, Lé Thi Thu Thiiy
Truong Pai hoc Ky thudt Cong nghiép — PH Thai Nguyén

Hinh dang va thé tich ving 1am viéc cua robot 14 théng tin quan trong khi lya chon tmg dung vao
cac muc dich cu thé. Bai bao nay gidi thiu mot phwong phap sd, giup xac dinh ving lam viéc cua
bat ky robot nao khong tu hanh. Phuong phap giéi thiéu ¢ ddy 1a hé qua cua viéc tng dung
phuong phéap General Reduce Gradient khi chuyén bai toan dong hoc robot sang hinh thirc tdi vu
két hop v&i phuong phap chia d6i. Két qua dat dwoc 14 hinh déang va kich thudc ving lam viée cta
robot dudi dang 3D véi d6 chinh xéac tiiy chinh boi ngudi giai. Két qua ciia bai toan nay co thé ing
dung vao qua trinh thiét ké robot néi chung.

Tw khoa: vung lam viéc cia robot, phwong phap $6, thudt todng rg, phwong phép chia déi, thiét
ke robot
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