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USING THE FINITE - TIME DISTURBANCE OBSERVER (FT0)
FOR ROBOTIC MANIPULATOR ALMEGA 16

DUNG BO QUAN SAT NHIEU VGI THOI GIAN HU'U HAN CHO TAY MAY ROBOT ALMEGA 16

ABSTRACT

This paper presents build a finite time observator (FT0) and applies it to the
Almega16 robot motion system. The main content of the article is to design a
FTO so that the observation of the external noise of the Almega16 robot motion
system will converge to the desired true value over a period of time. finite, is
done by estimating the external noise quantities and then feeding them into the
available Robot controller. The advantage when applying the FTO disturbance
monitor is that it is possible to eliminate the inverse inertia matrix component in
the dynamic equation. The results achieved showed that the Almegal6 robot
movement system ensures that the errors of the rotating joints quickly reach
zero with a small transition time, making the closed system stable according to
Lyapunov standards.
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TOM TAT

Bai bao trinh bay xdy dung b quan sat nhiéu véi thoi gian hitu han (FT0) va
ting dung cho hé chuyén ddng Robot Almega16. Noi dung chinh bai bdo la thiét
ké bo quan sat nhiéu véi thai gian hitu han (FTO) sao cho viéc quan sat cac nhiéu
ngoai cia hé thdng chuyén dong Robot Almega16 sé hdi tu vé gid tri thuc mong
mudn vdi mdt khodng thai gian hitu han, dugc thuc hién bang cach la udc lugng
céc dai lugng nhiéu ngoai sau do dua vao bo diéu khién Robot c6 san. Uu diém
khi ting dung bd quan st nhiéu FTO 1a ¢6 thé loai bd thanh phan ma tran quan
tinh nghich dao trong phuong trinh ddng luc hoc. Két qud dat dugc, cho thdy hé
chuyén dong Robot Almega16 ddm bdo sai s6 cta cdc khép quay nhanh chéng
dat t6i khong vdi thdi gian qua do nh, lam cho hé thdng kin 6n dinh theo tiéu
chudn Lyapunov.

Tir khéa: Robot Almega 16, b quan sdt nhiéu vdi thoi gian hitu han, tiéu
chudn Lyapunov.
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1.INTRODUCTION

In the kinetic equation of industrial manipulator [26],
there are always external noise components and internal
noise. Especially the external noise components inside are
unknown or not exactly known and these are the
components that cause the movement of the hand
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machine not to stick exactly to the given trajectory.To
know the exact external noise components, it is necessary
to incorporate a noise observation device (DOB) to
estimate these disturbances. When applying the DOB noise
monitor in the mechanical hand movement system, control
can be based on the noise monitor [1-3], estimate and
compensate the friction component [4,5], control force or
tissue. non-sensor torque [6-8], error diagnosis and
isolation (FDI) [9-11]. The DOB turbulence monitor has been
widely used in hand machine motion control for a variety of
purposes. The basic idea of DOB is to use the motion state
variables of the robot and the torque of the joints as input
values and then estimate all the unknown internal and
external torque. In [5], the Nonlinear Noise Observer
(NDOB) was established to estimate the friction component
so that accurate real friction component values can be
known with fast time. The NDOB is done by choosing a
certain nonlinear function. But the downside of the NDOB
is that choosing such a nonlinear function is not
straightforward. In [9], the use of the generalized
momentum observer (GMO) has the advantage of not only
avoiding acceleration calculations to reduce the effect of
noise in site measurements, but also creating disturbance
observations at superlative form. GMOs are able to realize
FDI such as predicting random effects as well as saturation
actuator error. The GMO Observer is easy to implement and
has reliable results and the GMO has become a popular and
widely used method in many hand-operated applications.
However, the downside of GMOs is that the failure to return
diagnostic results and slow response isolation (FDI) results
in reduced sensitivity and response speed when the GMO is
used in the case of collision detection. In [10] there was a
solution for the GMO set, by treating the collision detection
case as an extrinsic perturbation. Although many DOB
observers have been developed and used for mechanical
hand movement systems [5,9,10,13,14]. However, this DOB
observer shows that the asymptotic convergence rate and
the estimated bias of the perturbations will not converge
quickly to zero. So for the conventional DOB convergence
rate is is best exponentially while the FTO can achieve a
faster convergence rate with convergence in finite time.
Given their finite time characteristics, a number of FTOs
have been designed and applied to different systems with
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versatile applications [15-20]. In this paper, a new DOB is
shown. form is based on the requirement of fast and
accurate estimation of robot disturbances. Based on the
robot's dynamic model, the finite time control concept is
used in the observer design. The resulting FTO can allow for
estimation of the disturbance for a finite time, this ensures
that the estimated error can disappear after a certain time.
The proposed FTO also eliminates the need for acceleration
calculation. Its finite-time convergence feature makes
observing perturbations more accurate and fast. The
structure of the paper is presented as follows: Part 1,
problematic, Part 2 is the introduction of the Almega robot
control object 16. Part 3 is detailed about robot dynamics
and stability in time. finite time. Part 4 is an introduction to
the FTO Observer. Part 5 is the application of the FTO
controller to the AlImega 16. Robot motion system. Part 6 is
the conclusion.

2. OBJECT CONTROL

The Almega 16 robot is shown in Figure 1, as follows
[25]. This is a vertical welding robot with fast, rhythmic and
precise movement characteristics, including six-link axes,
each one link axes is equipped with a permanent magnet
synchronous servo motor and closed loop control. In the
article using only three-link axes as the research object,
specifically the main specifications of the three joints as
follows.

Figure 1. Six-link Almega 16 arm

First joint: Rotation angle: £135°. Center tops from top
to bottom: 28cm. Center line of axis | to the center of the
cylinder: 35cm. Second joint: Rotation angle: +135°% The
length between the center of the axis | and Il is 65cm. Third
joint: Angle of rotation: 90° and -45° The length between
the two centers of axis | and Il is 47cm. The total volume of
the Almegal6 Robot: V = 0.12035m°. Total weight of the
robot: 250kg. The mass of joints is as follows: m, = 100kg,
m, = 67kg, m, = 52kg, m, = 16kg, m, = 10kg, m; = 4kg, m, = Tkg.

The motion system Almegal6 Robot is a nonlinear
system that has constant model parameters and is
interfering with the channel between the component
motion axes. According to the literature as follows [26], the
first three joints have fully integrated the dynamics of the
freedom arm. The motor connected to the joint is usually a
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planetary gear and Small air gap. It is influenced by friction
such as static friction, friction, viscous friction and so on.
Therefore, the first three joints are the basic chain that
ensures movement in 3D (X, Y, Z) space. The basis for the
study of the next steps in robot manipulator motion
systems. The problem with the controller is that: should
design the quality control ensures precise orbit grip that
does not depend on the parameters of the model
uncertainty and the impact on channel mix between
match-axis error between joint angles and the angle joints
actually put a small (< 0.1%).

3. PRELIMINARIES

3.1. Robot Dynamic Model

The dynamic of an n-link rigid manipular, [1-4, 6] can be
written as

41, = M(@)d+C(q, )4 + Gla)+ T, ()

Where q is the n x 1 joint variable vector, Tis a n x 1
generalized torque vector M(q) is the nxn inertia matrix,
H(q,q) is the n x 1 Coriolis/centripetal vector, G(q) is the n

x1 gravity vector. t, e R"denotes the lumped friction effect

from both the motor and link sides and are always
described with the following Coulomb-viscous model,
namely

T, =F.sgn(q)+F,q ()
with F. =diag{F,......F. }.F, =diag{F,......F,.} ,F,.F,(1<i<n)

are the Coulomb and viscous friction coefficients for the ith
joint. Such a friction model could capture most dynamic
property of the friction in a rigid joint. The equivalent
motor torque at the link side through a reduced

amplification is denoted as 1eR",1,eR"is the

internal/external disturbances which could be an external
force, unmodeled or uncertain robot dynamics. The exact
meaning of 1, decides on the specific application. The
observed disturbance for a manipulator can be further
utilized in FDI and disturbance rejection control. For
example, 14 is deemed as the physical impact with the
environment for collision detection scenario and, thus, T,
can indicate the occurrence of the collision. The robot
dynamics model in Equation (1) has the following property.

In which 1: The matrix M(q)-2C(q,q) is skew-symmetry
[21], and it follows that
M(q) = C(q, ) +C (q,9) (3)
3.2. Disturbance Observer GMO

In order to estimate the external beeb-type noise
components for hand-operated systems, there are many
different monitors. One of the most commonly used
observers is the observed (GMO) observed in Reference [9].
Combined with the generalized momentum p, in Equation
(1) could be rewritten to

p=1+C"(q,9)9-Glq)+T, (4)
The GMO component p is estimated as follows:
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p=T1+C"(q,4)9-G(q) +1, )
T, =K,(p-p) (6)
where (:)denotes the estimated value and

K, =diag{k,} >0. So the estimate of the external

disturbance is given is:
T, =K, [ (v+C7(q,9)q-Glq) + T,)dt | @
From equations (5) and (6), are determined:
T, =K, (T, - T,) (8)

or convert to a Laplace image which will be written in
the following format:

PO T ©)

_s+K°
According to reference [9] shows that the component
t,is a first order inertial function T, So the external

perturbation estimation t,component of the GMO will

converge exponentially and depend on the observation
matrix K,. Therefore, the GMO observer always has an
estimated bias in the outer perturbations.

3.3. Consider steady state in finite time
Consider the following nonlinear system

x = f(x),x <R",f(0)=0 (10)

where f satisfies the locally Lipschitz continuous
condition. Some basic knowledge about finite time
homogeneity and stability (FTS) in the document [22,23].

4. FINITE-TIME OBSERVER OF ROBOTIC DISTURBANCE

The main content of this paper is to design a finite time
observer so that the observation of the noise td can
converge to its true value in a finite time. In this section 4
will be presented on the content of constructing the FTO
observer to estimate the external perturbations. After the
estimation is complete, the state variables estimate the
external perturbations to the existing control system such
as the PID controller,.. When the FTO Observer is
connected, the calculation and elimination will be reduced.
remove the inverse inertial matrix in the kinetic equation.

4.1. Finite-Time Observer Design
From Equation (1), the acceleration ¢can be written as

(1

Put: T, = T-C(q,q)q- G(q) - T,, then (11) is rewritten as
follows as:

q=M"(q)t, +M'(q)(r—C(q,9)q-G(q)- T,)

q=M"(q)t, +M"(q)T, (12)

where M"(q)l’c| is treated as the system disturbances

with M™(q)t, the system input. According to reference
[20], the FTO monitor for manipulators is specifically
designed as follows:

z,, =z, +K, Leb Ja1 (13)
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2,=2,+ M (q)r, +K, Leb Jaz

z,;, =K, LebJ
Where z,,=4, z,, =4, z,, = M (q)t,

e, =q-q, K,, K,, K, eR™are diagonal gain matrices.

as

and

Moreover, the corresponding powers are selected as

2
a,=a,0, =2a-1,a, =3a-1 and —<a<1. The operator
3

|.]* is denoted as

|x "= |x|“ sgn(x),x cR" anda >0

Consequently, the disturbance observation

computed as
(17)

From (17) shows, the proposed FTO is a ternary system
that can simultaneously estimate the joint velocity and the
external perturbation component. It shows that the joint
velocity can be obtained instantly from the robot control
system. From the formula (13) - (15), it is possible to
downgrade the observational equation for external
disturbance state variables leading to a reduction in the
computational heavy process. Therefore, the downgrade
FTO is determined as follows:

ir1 = er + M-1 (q)Ta + K1 Ler Ja1
irz = KZ Ler Jaz
Where

T, =M(q)z,,

(18)
(19)

z,,=q,2z,, =M"(q)t, and

n 1
e, =q-q,a, =0q,a, =2a-1,5<u<1. From formula (19),

we determine the formula to calculate the estimate of the
external disturbance is determined as follows:

(20)

The decremented FOT observer will estimate the
perturbed state variables faster than the original
unremarked design. And from formula (12) shows that still
exists the inverse matrix component of M(q). To remove
the inverse inertial matrix component of M(q), it is
necessary to rearrange the original system from equation
(12) into a transformed equation with different state
variables. Multiplying both sides of Equation (12) by M(q)
yields the following:

t, =M@z,

M(q)g=T, +T, (21)
Additionally, the left side of Equation (21) could be
altered using the generalized momentum p, namely
pP-M(@g=r1, +T, (22)
Reorganizing Equation (22) and employing Property 1,

the derivative of the generalized momentum p is rewritten
as

P=T,+T, (23)
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Where T, =M(q)q+T, = T+¢(q,q) = C"(q, §)q- G(q) - T,.
The system should observe that the externally
implemented perturbation variables have been altered and
have different state variables. A set of FTOs reduced from
tertiary to quadratic is replaced as follows:

2 =2, +T,+K, [ e, " (24)

m

im2 = K2 Lem Jaz

where z_,=q,z_, =T, and e, =q-q.

(25)

The control structure diagram with FTO is shown in
figure 2.

Figure 2. The control structure diagram with FTO of robotic disturbance
finite-time observer

The obtained FTO given in Equations (24) and (25) is
structurally similar to the GMO defined in Equations (5) and
(6) as both observer shares the same system states and
input. The obtained FTO observer is represented in
Equations (26) and (27) and has an estimation structure of
external perturbation variables similar to that identified in
Equations (5) and (6), since both of these observers use
system state variables and as input signals.

4.2, Consider the stability and convergence of the FTO

The observation errors are given as:

. a4
e, =e,-K, LepJ

e, =K, \_ep _‘az

Where e, =p-p,e,=T1,-T,,e=[e_,e,].

Using Lyapunov standard to prove the stability of the
FTO is proposed as follows;

Given a positive defined function, (28):

o i mg . € o k
V=;kzijop LTJ dr+ dZd_;az+1 pi

T
2i ay+1 eded

(28)

where k,, is the ith diagonal element of K,. Then its
derivative is
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v,
oe’

=Skl ] (oK) e " -els e,
i=1
= eZKz \_epiJaz - iknkzi epi fﬁuz - eZKz I_epi Juz
i=1

=Y koky e, | <0
i=1

Where k,; is a positive defined diagonal element of K,
and such that e, = e; = 0. Apply to LaShalle's theorem, to
ensure that the asymptotic convergence of the deviation e
to 0 is guaranteed. The next content of the paper will
present about demonstrating the observer's finite
convergence of time. According to Definition 2 [27],
Equations (28) and (29) are orderly homogeneous with
respect to weight. Hence, consider equations (28) and (29)
that have a negative identity. From Theorem 1, [27], the
error system is the global FTO. In other words, the
estimated deviations of the turbulent state variables will
disappear for a finite time. From that it can be concluded,
the proposed downgrade FTO is stable and with
convergent efficiency in finite time...

5. SIMULATION RESULTS
Afer building up the algorithms and control programs,

we will proceed to run the simulation program to test
computer program. The FTO was Simulink with Table 1.

Table 1. The Parameter of FTO

v

(29)

Symbol The parameter The Pararjr;?;:;\)l(?slue of the
qq Desired joint position Qg = qgp = Ggs = Sint

K, Scalar K, = [200, 200, 200]

K, Constant K, = 10000, 10000, 10000]

a Power coefficient a=1

T, Disturbance sint

After simulation we have results position and position
tracking error is depicted Figure 3+ 7.

* Desired joint position is sin(t)

&% g

P-4
. I‘
A,

o 1 2 > . - " 7
Tevw (9
Joint 1
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Figure 3. Performing deviation between the angles q set and q real
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Figure 4. Express the response between the set angles q and real g
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Figure 5. Express the control moments of the controller joints
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Figure 6. Performing the response of the actual joint position and the actual
joint position
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Comment: The simulation results of the real state and
the above estimate prove that the synthesized FTO
observer is correct, showing that the joints of the Almega
16 robot are good with small setting time, less oscillation,
over-adjustment.

6. CONCLUSION

The order reduction FTO has omitted acceleration and
inverse matrix matrix, resulting in the FTO making the
estimation deviations converge to 0 in a finite time.
Although FTO has a more complex formula and thus the
calculation time increases slightly compared to other
observers. The theory and simulation results show that
using the FTO observatory to estimate the perturbation
components outside the Almega 16 robot motion system
has ensured the real joint position closely follows the
estimated joint position and ensures the actual matching
position is closely related to the matching position with
small error.
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