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Abstract— In this paper, we proposed a new task-space setpoint
control scheme for robots with uncertainties in kinematics, actuators
and dynamics. The stability problem of the robot in the presence
of these uncertainties is formulated and solved. Sufficient conditions
for choosing the feedback gains and approximate models are given to
guarantee the convergence of the task-space position error. Simulation
results based on a 3-link robot are presented to illustrate the
performance of the proposed scheme.

I. INTRODUCTION

A great many control schemes for robotic manipulators have
been developed in the literature during the past few decades. In
most of the control methods [1-11], the controllers are designed at
the torque input level and the actuator part is neglected. However,
as shown by Good et.al. [12], the actuator model constitutes
an important part of the complete robot system and may cause
detrimental effects when neglected in the design procedure. Some
research work that deal with this problem can be found in [13-20].
The control schemes proposed thereby can deal with the dynamic
and actuator model uncertainties existing in the robot systems.

In most applications of robots, the desired path of the robot
manipulator is specified in task space. Therefore, one principal
limitation associated with the joint-space controllers including the
results mentioned above [1-20] is that the desired joint position
must be obtained by solving the inverse kinematics problem. To
avoid the problem of solving the inverse kinematics, Takegaki
and Arimoto [1] proposed a task-space controller for setpoint
control in Cartesian space using a transposed Jacobian matrix.
Many other task-space control schemes are proposed later [21-
24]. Recently Cheah [25] proposed a task-space control scheme
that can deal with actuator model uncertainty. In these methods,
inverse kinematics problem is avoided and the feedback errors
of the control law are defined and computed directly in the task
space such as Cartesian space and visual space. However, to
apply these task-space control schemes, an exact knowledge of
the Jacobian matrix from joint space to task space is required. If
uncertainties exist in the kinematics, these controllers [1-25] may
give degraded performance and may incur instability. To overcome
the problem of uncertain kinematics, Cheah et.al.[26-29] proposed
several task-space feedback laws with uncertain kinematics from
joint space to task space. However, it is again assumed in these
papers [26-29] that the actuator model is known exactly.

The objective of this paper is to develop task-space control
scheme that can deal uncertainties in kinematics and actuator
model at the same time. To our knowledge, this problem has not
been studied before. Hence, it is unknown whether the stability
of the robot’s motion can still be guaranteed in the presence of
these uncertainties. We propose an adaptive SP-D control law for
the task of setpoint control with uncertainties existing in kine-
matics and actuator model. Sufficient conditions for choosing the
feedback gains, estimated Jacobian matrix and estimated actuator

model are given to guarantee the stability. Simulation results are
presented to illustrate the performance of the proposed control
scheme.

II. ROBOT KINEMATICS AND DYNAMICS

In order to describe a task for the robot manipulator, the desired
path for the end effector is usually specified in task space. Let
X ∈ Rm represents the position vector of the manipulator in task
space defined by [22], [26]:

X = h(q), (1)

where q ∈ Rn is a vector of generalized joint coordinates, h(·) ∈
Rn → Rm (m ≤ n) is generally a nonlinear transformation
describing the relation between the joint and task space. The
velocity vector Ẋ is therefore related to q̇ as:

Ẋ = J(q)q̇, (2)

where J(q) ∈ Rm×n is the Jacobian matrix of mapping from
joint space to task space. Note that if the robot’s kinematics is
uncertain, the Jacobian matrix becomes uncertain too.

The equations of motion of the robotic manipulator with n
degrees of freedom in joint-space is given as [6], [22]

M(q)q̈ + (
1

2
Ṁ(q) + S(q, q̇))q̇ + g(q) = τ, (3)

where M(q) ∈ Rn×n denotes a positive definite inertia matrix,
g(q) ∈ Rn denotes a gravitational force vector, τ ∈ Rn denotes
the control inputs, S(q, q̇) is a skew-symmetric matrix,

S(q, q̇)q̇ =
1

2
Ṁ(q)q̇ − 1

2
{ ∂

∂q
q̇T M(q)q̇}T , (4)

g(q) = (∂P/∂q1, · · · , ∂P/∂qn)T , (5)

and P (q) is the potential energy due to gravitational force. The
gravitational force can be completely characterized by a set of
parameters φ = (φ1, · · · , φp)T [2, 3, 6] as

g(q) = Z(q)φ, (6)

where Z(q) ∈ Rn×p is the gravity regressor
If a permanent-magnet DC motor driven by an amplifier op-

erating in current mode is used as an actuator at the ith joint,
then the differential equation of motion describing the rotational
behavior of the motor is given by [6], [22]:

Jmiθ̈i + Bmiθ̇i = KτiIai − riτi, (7)

where θi denotes the angle of the motor rotor shaft, Jmi the inertia
moment, Bmi the rotor damping coefficient, Iai the motor arma-
ture current, Kτi the motor torque constant. ri is the transmission
gear ratio defined as:

qi = riθi. (8)



From equations (3), (7) and (8), the dynamics of the robot with
actuators can be given as:

(M0 +M(q))q̈+(B0 +
1

2
Ṁ(q)+S(q, q̇))q̇+g(q) = KτIa, (9)

where M0 = diag(Jm1/r1
2, · · · , Jmn/rn

2),
B0 = diag(Bm1/r1

2, · · · , Bmn/rn
2), Kτ =

diag(Kτ1/r1, · · · , Kτn/rn), Ia = (Ia1, · · · , Ian)T .
If a permanent-magnet DC motor driven by a voltage amplifier

is used as the joint actuator, the differential equation of motion of
the motor is described by [6], [22]:

Jmiθ̈i + Boiθ̇i = Koivi − riτi, (10)

where vi is the armature voltage, Boi = Bmi +
KτiKbi/Rai, Koi = Kτi/Rai, Rai is the armature resistance
and Kbi the constant of motor back electromotive force. In this
case, we assume that armature inductances are negligible, because
the electrical time constant is much smaller than the mechanical
time constant [6], [22]. Then, from equations (3), (8) and (10),
we can get the dynamics of the robot with actuators as follows:

(M0+M(q))q̈+(B1+
1

2
Ṁ(q)+S(q, q̇))q̇+g(q) = Kvva, (11)

where B1 = diag(Bo1/r1
2, · · · , Bon/rn

2), KV =
diag(Kτ1/Ra1r1, · · · , Kτn/Ranrn), va = (v1, · · · , vn)T .

Since the dynamic equation (9) is in a similar form as equation
(11), we can write the dynamics of robot with actuators in a
general form as:

(M0 + M(q))q̈ + (B +
1

2
Ṁ(q) + S(q, q̇))q̇ + g(q) = Ku, (12)

where u = Ia, K = Kτ , B = B0 if current amplifiers are used,
and u = va, K = Kv, B = B1 if voltage amplifiers are used.

In actual implementations of the robot controllers, calibration is
necessary to identify the exact parameters of matrix K in equation
(12). However, since both Kτi and Rai are temperature sensitive,
the actuator model K may change as temperature varies due
to overheating of motor or changes in ambient temperature. In
addition, the robot kinematics may be uncertain in the presence
of modeling error and when the robot picks up a tool of unknown
length or gripping point. Hence, in the presence of modeling
uncertainties or calibration errors of both actuator and robot
kinematics, position error may be resulted. It is also unknown
whether the stability of the system can still be guaranteed in the
presence of these uncertainties. In this paper, we solve this problem
with an adaptive SP-D control scheme with approximate models
of kinematics and actuators. We shall show that the proposed
controller can guarantee the asymptotic convergence of the robot
motion.

III. ADAPTIVE SATURATED-PROPORTIONAL,DIFFERENTIAL

(SP-D) CONTROL WITH APPROXIMATE JACOBIAN MATRIX

AND ACTUATOR MODEL

In this section, we propose the adaptive SP-D control scheme
for setpoint control of robotic manipulators in the presence of
uncertainties in both kinematics and actuator model. The gravita-
tional force vector in the dynamic equation (12) can be completely
characterized by a set of parameters φ = (φ1, · · · , φp)T as [6]

g(q) = Z(q)φ = [z1(q)φ, · · · , zn(q)φ]T , (13)

where zi(q) ∈ R1×p for i = 1, · · · , n, φ is the p × 1 unknown
parameter vector of Z(q). In the presence of uncertainty in the

parameters of the gravitational force, we have

ĝ(q) = Z(q)φ̂ = [z1(q)φ̂, · · · , zn(q)φ̂]T , (14)

where φ̂ ∈ Rp is an estimated parameter of φ which will be
updated by an updating law.

Let K̂ and Ĵ(q) be the approximate actuator model and the
approximate Jacobian matrix respectively chosen so that

‖I − KK̂−1‖ ≤ β̄, (15)

‖JT (q) − ĴT (q)‖ ≤ γ̄, (16)

where β̄ and γ̄ are positive constants to be defined later. Using
the approximate Jacobian matrix and actuator model and the exact
gravity regressor the control input is proposed as:

u = −K̂−1[ĴT (q)Kps(e) + ĴT (q)Kv
ˆ̇X

−Z(q)φ̂ − Y (q, φ̂)ϕ̂], (17)
˙̂
φ = −L1Z

T (q)(q̇ + αĴ+(q)s(e)), (18)
˙̂ϕ = −L2Y (q, φ̂)(q̇ + αĴ+(q)s(e)), (19)

where ˆ̇X = Ĵ(q)q̇ is the estimated task velocity vector, e =
X −Xd = (e1, · · · , em)T is a positional deviation from a desired
position Xd ∈ Rm and si(·), i = 1, · · · , n are saturated functions
of e, X is measured by sensor [29], Kp, and Kv are positive
definite diagonal feedback gains for the position and velocity
respectively, L1, L2 are positive definite diagonal matrices, α is a
positive constant, Ĵ+(q) = ĴT (q)(Ĵ(q)ĴT (q))−1 is the pseudo-
inverse of Ĵ(q) such that Ĵ(q)ĴT (q) ∈ Rm×m is non-singular,
and Ĵ(q)Ĵ+(q) = I . The regressor Y (q, φ̂) is a diagonal matrix
whose ith diagonal element is the ith entry of estimated gravity
force vector ĝ(q) = [z1(q)φ̂, · · · , zn(q)φ̂]T (see equation (14)):

Y (q, φ̂) =




z1(q)φ̂ · · · 0
...

. . .
...

0 · · · zn(q)φ̂


 , (20)

and ϕ̂ ∈ Rn is the adaptive parameter vector whose updating law
is given by equation (19).

Remark 1: In the controller, the gravity regressor Z(q)
and φ̂ are used to cope with the uncertainty in gravity force
and the regressor Y (q, φ̂) and ϕ̂ are used to compensate the
uncertainty in actuator model. The role of ϕ̂ would be clearer
in the later development. It is interesting to note that the novel
regressor Y (q, φ̂) makes use of the updated information from φ̂
instead of fixed information.

Let us define a scalar function Si(e) and its derivative si(e) as
shown in Figure 1 and with the following properties [6]:

1) Si(e) > 0 for e �= 0 and Si(0) = 0.
2) Si(e) is twice continuously differentiable, and the derivative

si(e) = dSi(e)
de

is strictly increasing in e for |e| < γi with
some γi and saturated for |e| ≥ γi, i.e. si(e) = ±si for
e ≥ ±γi, and e ≤ −γi respectively where si is a positive
constant.

3) There are constants ĉi > 0 such that for e �= 0,

Si(e) ≥ ĉisi
2(e). (21)

Some examples of the saturated function can be found in [6],
[9].



Fig. 1. (a)Quasi-natural potential: S(e) (b)derivative of S(e) : s(e)

Substituting equation (17) into equation (12), we have the
closed-loop dynamic equation

(M0 + M(q))q̈ + (B0 + 1
2
Ṁ(q) + S(q, q̇))q̇

+KK̂−1ĴT (q)Kv
ˆ̇X + KK̂−1ĴT (q)Kps(e) + g(q)

−KK̂−1Z(q)φ̂ − KK̂−1Y (q, φ̂)ϕ̂ = 0. (22)

Since (I − KK̂−1) is a diagonal matrix, according to the
definition of Y (q, φ̂) in equation (20), we have

(I − KK̂−1)Z(q)φ̂

= (I − KK̂−1)(z1(q)φ̂, · · · , zn(q)φ̂)T

= Y (q, φ̂)φk, (23)

where φk = (1 − k1
k̂1

, · · · , 1 − kn

k̂n
)T is unknown since the exact

actuator model is unknown, and ki and k̂i are the ith diagonal
elements of K and K̂ respectively.

Substituting equation (23) into (22) and using equation (13), the
dynamic equation can be written as:

(M0 + M(q))q̈ + (B0 + 1
2
Ṁ(q) + S(q, q̇))q̇

+KK̂−1ĴT (q)Kv
ˆ̇X + KK̂−1ĴT (q)Kps(e) + Z(q)φ

−Z(q)φ̂ + Y (q, φ̂)φk − Y (q, φ̂)KK̂−1ϕ̂ = 0, (24)

where we note that Y (q, φ̂), KK̂−1 are diagonal matrices.
Next, we define a Lyapunov function candidate V as:

V = 1
2
q̇T (M0 + M(q))q̇ + αq̇T (M0 + M(q))Ĵ+(q)s(e)

+
∑m

i=1
(αkvi + kpi)Si(ei) + 1

2
(φ − φ̂)T L−1

1 (φ − φ̂)

+ 1
2
(K̂K−1φk − ϕ̂)T L−1

2 KK̂−1(K̂K−1φk − ϕ̂), (25)

where kpi, kvi denote the ith diagonal elements of Kp and Kv

respectively, L−1
2 KK̂−1 is a positive diagonal matrix. Since

1
4
q̇T (M0 + M(q))q̇ + αq̇T (M0 + M(q))Ĵ+(q)s(e)

+
∑m

i=1
(αkvi + kpi)Si(ei)

= 1
4
(q̇ + 2αĴ+(q)s(e))T (M0 + M(q))(q̇ + 2αĴ+(q)s(e))

−α2s(e)T (Ĵ+(q))T (M0 + M(q))Ĵ+(q)s(e)

+
∑m

i=1
(αkvi + kpi)Si(ei)

≥ ∑m

i=1
(αkviĉi + kpiĉi − α2λm)s2

i (ei), (26)

where α can be chosen small enough or kpi and kvi can be chosen
large enough to satisfy the inequality,

αkviĉi + kpiĉi − α2λm > 0, (27)

and λm = λmax[(Ĵ+(q))T (M0 + M(q))Ĵ+(q)], λmax[A] de-
notes the maximum eigenvalue of a matrix A and λmin[A] denotes
the minimum eigenvalue.

If we substitute the inequalities (26) and (27) into equation (25),
we have

V ≥ 1
4
q̇T (M0 + M(q))q̇ + 1

2
(φ − φ̂)T L−1

1 (φ − φ̂)

+
∑m

i=1
(αkvic̄i1 + kpic̄i2 − α2λm)s2

i (ei)

+ 1
2
(K̂K−1φk − ϕ̂)T L−1

2 KK̂−1(K̂K−1φk − ϕ̂) > 0. (28)

Hence, V is positive definite. Note that α must be chosen
sufficiently small or Kv , Kp must be chosen sufficiently large
to guarantee the positive definiteness of V .

Differentiating V with respect to time and substituting equations
(18) and (19) into it, we can get

d
dt

V = q̇T (M0 + M(q))q̈ + 1
2
q̇T Ṁ(q)q̇

+αsT (e)(Ĵ+(q))T Ṁ(q)q̇ + αsT (e)(Ĵ+(q))T (M0 + M(q))q̈

+αq̇T (M0 + M(q))
˙̂

J+(q)s(e) + ẊT Kps(e)

+αq̇T (M0 + M(q))Ĵ+(q)ṡ(e) + αẊT Kvs(e)

+(q̇ + αĴ+(q)s(e))T Z(q)(φ − φ̂)

+(q̇ + αĴ+(q)s(e))T Y (q, φ̂)(φk − KK̂−1ϕ̂). (29)

Substituting (M0 + M(q))q̈ from equation (24) into equation
(29), we have:

d

dt
V = −W, (30)

where

W = q̇T {B0 + KK̂−1ĴT (q)KvĴ(q)}q̇ − q̇T {JT (q)Kp

−KK̂−1ĴT (q)Kp − αĴT (q)KvĴ(q)K̂−1KĴ+(q)

+αJT (q)Kv}s(e) + αsT (e)(Ĵ+(q))T KK̂−1ĴT (q)Kps(e)

+α{sT (e)(Ĵ+(q))T (B0 − 1
2
Ṁ(q) + S(q, q̇))q̇

−ṡT (e)(Ĵ+(q))T (M0 + M(q))q̇

−sT (e)(
˙̂

J+(q))T (M0 + M(q))q̇}. (31)

From the last term of equation (31), since s(e) is bounded, there
exist constants c0 > 0 and c1 > 0 so that [6]:

α|s(e)T (Ĵ+(q))T [B0 − 1
2
Ṁ(q) + S(q, q̇)]q̇

−s(e)T (
˙̂

J+(q))T (M0 + M(q))q̇

−ṡ(e)T (Ĵ+(q))T (M0 + M(q))q̇| ≥ −αc0‖q̇‖2 − αc1‖s(e)‖2. (32)

Substituting inequality (32) into equation (31) and defining
∆K = I − KK̂−1, ∆J = JT (q) − ĴT (q), we have

W ≥ q̇T [B0 + ĴT (q)KvĴ(q) − ∆K ĴT (q)KvĴ(q) − αc0I]q̇

+αs(e)T [Kp − (Ĵ+(q))T ∆K ĴT (q)Kp − αc1I]s(e)

−q̇T [∆K ĴT (q)Kp + ∆JKp + αĴT (q)KvĴ(q)∆K Ĵ+(q)

+α∆JKv]s(e) ≥ {λmin[B0 + ĴT (q)KvĴ(q)] − c2β̄λmax[Kv]

−αc0}‖q̇‖2 + {αλmin[Kp] − αc5β̄λmax[Kp] − αc1}‖s(e)‖2

−{c3β̄λmax[Kp] + γ̄λmax[Kp] + αc4β̄λmax[Kv]

+αγ̄λmax[Kv]}‖q̇‖‖s(e)‖, (33)

Since,

−‖s(e)‖ · ‖q̇‖ ≥ −1

2
(‖s(e)‖2 + ‖q̇‖2), (34)



we have

W ≥ {λmin[B0 + ĴT (q)KvĴ(q)] − c2β̄λmax[Kv]

− 1
2
c3β̄λmax[Kp] − 1

2
γ̄λmax[Kp] − 1

2
αc4β̄λmax[Kv]

− 1
2
αγ̄λmax[Kv] − αc0}‖q̇‖2 + {αλmin[Kp]

−αc5β̄λmax[Kp] − 1
2
c3β̄λmax[Kp] − 1

2
γ̄λmax[Kp]

− 1
2
αc4β̄λmax[Kv] − 1

2
αγ̄λmax[Kv] − αc1}‖s(e)‖2, (35)

where c2 = bĴT bĴ , c3 = bĴT , c4 = bĴ+T bĴT bĴ , c5 = bĴ+T bĴT ,
and bĴT , bĴ , bĴ+ , bĴ+T are the bounds for ĴT (q), Ĵ(q), Ĵ+(q),
(Ĵ+(q))T respectively. Then we have

W ≥ (λmax[Kv]la − αc0)‖q̇‖2 + (λmax[Kv]lb − αc1)‖s(e)‖2,
(36)

where

la = λ̂1 − β̄(c2 + 1
2
c3a1 + 1

2
αc4) − 1

2
γ̄(a1 + α),

lb = αλ̂2a1 − β̄(αc5a1 + 1
2
c3a1 + 1

2
αc4) − 1

2
γ̄(a1 + α),

λ̂1 = λmin[B0+ĴT (q)Kv Ĵ(q)]
λmax[Kv ]

; λ̂2 =
λmin[Kp]

λmax[Kp]
; a1 =

λmax[Kp]

λmax[Kv ]
.

Hence, if the following conditions are satisfied:

λ̂1 − β̄(c2 +
1

2
c3a1 +

1

2
αc4) − 1

2
γ̄(a1 + α) > 0, (37)

αλ̂2a1 − β̄(αc5a1 +
1

2
c3a1 +

1

2
αc4) − 1

2
γ̄(a1 + α) > 0, (38)

That is

min{ 2λ̂1 − γ̄(a1 + α)

c3a1 + 2c2 + αc4
,

2αλ̂2a1 − γ̄(a1 + α)

2αc5a1 + c3a1 + αc4
} > β̄, (39)

min{2λ̂1 − β̄(2c2 + c3a1 + αc4)

α + a1
;

2αλ̂2a1 − β̄(2αc5a1 + c3a1 + αc4)

α + a1
} > γ̄, (40)

then la > 0 and lb > 0 and hence Kv can be chosen large enough
so that

la − αc0

λmax[Kv]
> 0, lb − αc1

λmax[Kv]
> 0, (41)

and hence W is positive definite in q̇ and s(e).
Graphical illustrations of conditions (39) and (40) are shown in

Figure 2 and 3. Figure 2(a) shows the relation between β̄ and a1

with γ̄ = 0, i.e., with the actuator model uncertainty only, and
figure 2(b) shows the relation between γ̄ and a1 with β̄ = 0,
i.e., with Jacobian matrix uncertainty only. The shaded area is the
region where stability can be guaranteed. The figures show that
with one kind of uncertainty existing, a smaller a1 allows more
uncertainty in the system. Figure 3 shows a 3-D illustration of the
conditions when both uncertainties exist. Surface S1 is described
by condition (37) and surface S2 is described by condition (38).
The region between the two surfaces as indicated by the arrow is
the region where stability can be guaranteed. From the figure, we
can see that the allowable bound β̄ of actuator model uncertainty
and bound γ̄ of Jacobian uncertainty are inversely proportional to
the ratio a1 of maximum eigenvalue of positional feedback gain
to that of velocity feedback gain. If the actuator model uncertainty
β̄ and/or the Jacobian uncertainty γ̄ increase, a smaller a1 is
required. Hence, to allow more uncertainty in Jacobian matrix
and/or actuator model, a1 should be kept smaller.

We are now in a position to state the following Theorem:
Theorem The closed-loop system described by equation (18), (19)

Fig. 2. (a)Variation of β̄ with a1 (with actuator uncertainty only)
(b)Variation of γ̄ with a1 (with Jacobian uncertainty only)

Fig. 3. Variation of β̄ and γ̄ with a1(with both actuator uncertainty and
Jacobian uncertainty)

and (22) gives rise to the convergence of X → Xd and q̇ → 0
as t → ∞ if the feedback gains Kp and Kv are chosen to satisfy
conditions (27), (39), (40), (41), K̂ and Ĵ(q) are chosen to satisfy
the condition (15) and (16) respectively.
Proof Since V and W are positive definite in s(e) and q̇, from
equation (30), we have

d

dt
V = −W ≤ 0. (42)

Hence, V is a Lyapunov function whose time derivative is
negative definite in (s(e), q̇). Since W = 0 implies that q̇ = 0
and e = X − Xd = 0, by LaSalle’s invariance Theorem, the
proof is complete.

Remark 2: The stability conditions (27), (39), (40), (41),
presented in the Theorem are sufficient conditions to guarantee
the stability of robot system in presence of uncertain actuator
model and uncertain kinematics and dynamics. The conditions
are simple conditions to achieve in practice. Conditions (27),
(41) simply mean that the feedback gains should be chosen
sufficiently large. Conditions (15), (16), (39) and (40) imply that
the feedback gain Kp should be small as compared to Kv (see
Figure 2 and Figure 3 also). Hence tuning can be established
easily in practice.

IV. SIMULATION RESULTS

In this section, we present some simulation results to illustrate
the performances of the proposed controllers. Let us consider a
3-link planar robotic manipulator holding an object as shown in
Figure 4.



J(q) =
f1

z − f1

[
β1 0
0 β2

][
cosδ sinδ
−sinδ cosδ

][
−l1s1 − l2s12 − (l3 + lo)s123 −l2s12 − (l3 + lo)s123 −(l3 + lo)s123

l1c1 + l2c12 + (l3 + lo)c123 l2c12 + (l3 + lo)c123 (l3 + lo)c123

]
(41)

Ĵ(q) =
f̂1

ẑ − f̂1

[
β̂1 0

0 β̂2

][
cosδ̂ sinδ̂

−sinδ̂ cosδ̂

][
−l̂1s1 − l̂2s12 − (l̂3 + l̂o)s123 −l̂2s12 − (l̂3 + l̂o)s123 −(l̂3 + l̂o)s123

l̂1c1 + l̂2c12 + (l̂3 + l̂o)c123 l̂2c12 + (l̂3 + l̂o)c123 (l̂3 + l̂o)c123

]
(42)

Fig. 4. A three-link planar robot

Using a fixed camera placed some distance away from the robot
as the external sensor, the task space is defined in the vision
coordinates described by X = [xs, ys]

T . The Jacobian matrix
J(q) of mapping from joint space to visual space is given by
equation (41) [11]. Where s1 = sin(q1), s12 = sin(q1 + q2),
s123 = sin(q1 + q2 + q3) and c1 = cos(q1), c12 = cos(q1 + q2),
c123 = cos(q1+q2+q3). β1, β2 denote scaling factors in pixels/m,
δ represents the angle of rotation of the vision coordinates relative
to Cartesian coordinates, the offset of the origins of the coordinates
d = (dx, dy)T (see Figure 4) were set to 0 m, z is the
perpendicular distance between the robot and the camera, f1 is
the focal length of the camera, and lo is the length of the object
held, li is the length of link i.

The masses of the links m1, m2, m3 were chosen as 1kg, l1, l2
and l3 were set as 0.5m; and the mass of the object mo was chosen
as 0.5kg with a length of 0.3m. f1 was chosen as 16mm, z was
chosen as 1.5m and δ chosen as 45◦, β1 = β2 = 78333. The
amplifiers were operating in current mode. The exact parameters
of the actuator as mentioned in section II were set as Kτ1 =
18, Kτ2 = 14, Kτ3 = 16, r1 = r2 = r3 = 1. Hence, K =
diag(Kτ1/r1, Kτ2/r2, Kτ3/r3) = diag(18, 14, 16). The robot
was required to move from an initial position of [x(0), y(0)] =
[480, 120] pixels to a desired position of [xd, yd] = [975, 720]
pixels in image space.

In the simulation, the camera parameters are estimated as f̂1 =
12mm, ẑ = 1.2m, the scaling factors are estimated as β̂1 = β̂2 =
80000, the lengths of the links and the object were estimated as
l̂1 = 0.55m, l̂2 = 0.45m, l̂3 = 0.7m, l̂o = 0.4m respectively.

First, the rotation angle δ was estimated as δ̂ = 60◦ and
the actuator model as K̂ = diag(10, 10, 10), the approximate
Jacobian matrix Ĵ(q) can be obtained according to equation (42).

To show the effects of actuator model uncertainty on the system
performance, simulation result with only kinematic updating is
shown in figure 5 with Kp = 0.0001I , Kv = 0.0001I and
α = 1. Figure 6 shows the improved performance after adding
in the actuator model updating algorithm. Note that the overall
feedback gains are not small because the entries of Ĵ(q)Kp and
Ĵ(q)Kv are multiplied by the large scaling factors β1, β2.

Next, K̂ and estimated rotation angle δ̂ were varied to examine
the effects of different uncertainties in kinematics and actuator
model on the robot’s motion. Simulation result with δ̂ = 80◦,
K̂ = diag(60, 35, 35), Kp = 0.0001I, Kv = 0.0001I and α = 1
is shown in figures 7.

The results of the simulation study show that the control scheme
we proposed in this paper is effective in dealing with uncertainties
in the kinematics, dynamics and actuator model of the robot
system and convergence of the position errors is guaranteed.

V. CONCLUSION

In this paper, we proposed a task-space controller for setpoint
control of robotic manipulator with approximate models. The main
advantage of the proposed control scheme is that exact knowledge
of both Jacobian matrix and actuator model is not required.
Sufficient conditions for choosing the feedback gains, approximate
models were presented to guarantee the stability. The performance
of the proposed controller was illustrated by simulation results.
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