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Considering the wire core which is easily damaged because of the instability of the power distribution robot during the process of
peeling the insulation layer, we have proposed a cutting force tracking control algorithm based on impedance control that is suitable
for the end peeling instrument. At present, the task requirement of sudden changes about environment stiffness cannot be ac-
complished by many impedance control approaches due to the complexity of working environment stiffness about power dis-
tribution robot; then, the Recursive Least Square (RLS) method was introduced into the impedance control algorithm to identify the
cable insulation layer and cable core stiffness online to achieve accurate and stable tracking of the cutting force. Furthermore, the
impedance control of peeling cable insulation layer and the proposed RLS method were simulated and tested contrastively, and the
high-voltage cable peeling experiment was performed. (e results of simulation and experiment showed that the force control
algorithm based on RLS parameter identification still has good force tracking performance during the environment stiffness changes
suddenly, and the steady-state error approaches zero, demonstrating the feasibility and effectiveness of the RLS impedance control
algorithm, which has important practical significance for improving power distribution efficiency.

1. Introduction

(e role of the power distribution robot is to peel the cable
insulation layer of the transmission wire and guided current
wire in the field of power networks in order to fulfill the
parallel connection between the guided current wire and the
main high-voltage transmission wire. But two situations
usually occur when the end effector of the power distribution
robot peels the cable insulation layer due to the complexity
of the process, one of which is that the cutting force is so
heavy that the wire core is damaged directly by the cutter and
the other is that the wire insulation layer cannot be com-
pletely removed because of insufficient cutting force, both of
which will affect the power distribution effect. It is necessary
that the enough and accurate cutting force should be pro-
vided by the end effector to improve the power distribution
work efficiency; some researchers have tried to design a
novel peeler structure to overcome the problem of easy

damage to the wire core in terms of structural design;
however, the problem of easy damage to the wire core cannot
be settled because the accurate cutting force cannot be
grasped only through depending on the pure mechanical
structure. Considering the fact that the problem cannot be
solved purely depending on structural design in the working
environment of power distribution robot, some control
methods are applied to the wire peeling operation link by
many later scholars. (e embedded control technology was
applied to this field in [1, 2]; it could appropriately reduce the
wire core damage rate to a certain extent through combining
with embedded control algorithm based on the experiment,
but the embedded control algorithm was limited to its low
stability and could not be effectively adapted to the working
environment of the power distribution robot. (e authors in
[3, 4] have introduced the master-slave control combined
with impedance control method into the operation process
of power distribution robot to initially achieve compliant
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contact between the end peeler and wire, but the stiffness
between the wire core and insulation layer is different whose
stiffness parameter cannot be identified by impedance
control; especially, when the environment stiffness changes,
the stability of impedance control is so poor that the cutting
force error biases largely.

As we know, the impedance control was first proposed
by the scholar Hogan in [5–8] in order to achieve the
purpose of compliance control by adjusting the stiffness
parameter of the end effector to obtain the ideal dynamic
relationship between position and force, but the control
accuracy closely relies on sufficient knowledge on the en-
vironment. In real engineering, the cognition of the envi-
ronment is limited due to the collection of various practical
factors, which results in force errors in impedance control;
especially, the task requirements cannot be satisfied when
the environment stiffness changes suddenly. (is paper
focuses on the inaccuracy problem of contact force between
wire peeler and wire during the peeling process of power
distribution robot to propose an impedance force tracking
control algorithm based on the Recursive Least Squares
(RLS)method of parameter identification, which can achieve
stiffness parameter identification between wire core and wire
insulation layer to make the cutting force quickly and ac-
curately track the reference force and achieve the compliant
peeling of wire insulation and mainly can provide important
practical guiding significance for improving the efficiency of
power robot.

2. Impedance Control Strategy on Wire Peeler

2.1. +e Structure Design of End Peeler. Compared with the
complicated and bulky structure of end peeler designed by
scientific researchers over the past, the peeler designed in
this paper is more flexible and compact, its structure is
composed of a cable clamping motor, cable clamping block,
and cutting blade, as shown in Figure 1, the inner surface of
the clamping block is equipped with oblique thread, a
cutting blade is mounted on one side, and the clamping
motor rotates forward or backward to separate or close the
clamping device. Before operation, the cable clampingmotor
rotates to separate the cable clamping block and align the
thread hole with the cable, then, the clamping motor will
rotate toward opposite direction to drive the cable clamping
block to close when the cable is clamped, the cutting blade
synchronously starts cutting in cable insulation layer, and
the depth of the blade cutting in the insulation layer is
controlled by force sensor. After the wire clamp block
clamps the wire, the rotating motor is controlled to run the
drive gear counterclockwise, one side of the drive gear is
connected to the cable peeling device which is driven to
rotate around the center of the gear, and the cable peeling
device clamps the wire, making a circular motion around the
central axis of the wire to cut the wire insulation layer,
relying on the cutting force to realize the axial feed, and
converting the output shaft’s rotary motion into the per-
pendicular circumference motion of the peeling device,
which can enhance the smoothness of the peeling device.

2.2. +e Design of Cutting Force Impedance Controller.
(e process of contact between the end peeler of the robot
and the cable can be regarded as a second-order dynamic
relationship which can be described by the following dy-
namic equation:

Mt X − €Xr  + Bt
_X − _Xr  + Kt X − Xr(  � F − Fr, (1)

where Mt, Bt, andKt are the inertia matrix, damping
matrix, and stiffness matrix, respectively, which com-
monly determine the dynamic characteristic, Xr andX

are the reference position and actual position of the end
peeler, respectively, _Xr and _X are the expected velocity
and actual velocity, €Xr and €X are the expected accelera-
tion and actual acceleration, respectively, and Fr andF

are the reference contact force and the actual cutting
force during the contact between the end peeler and
cable. (e contact force is zero before the end peeler
contacts the wire; this process can achieve position
tracking when the end peeler gradually contacts the wire;
the impedance controller will generate the correction
arguments of position control and combine the desired
reference position values to form position control
command, which can achieve the purpose of compliant
and nondestructive contact between the end peeler and
the wire; the entire process can be explained as shown in
Figure 2, including the two-subsystem impedance of the
end peeler and wire.

(e process in which the end peeler is cut into the wire
insulation layer can be regarded as a one-dimensional sit-
uation, and the force tracking impedance controller can be
designed as follows:

mt €x − €xr(  + bt _x − _xr(  + kt x − xr(  � f − fr. (2)

We can obtain the transfer function of impedance
control after taking Laplace transform to equation (2) in the
frequency domain:

xf �
ef(s)

mts
2

+ bts + kt

. (3)

Equation (3) can be regarded as a low-pass filter; we
combine the correction of the position obtained by filtering
the force errors with the reference position value to form the
position control command:

xd � xr + xf. (4)

Finally, the obtained position control command is
converted into the drive voltage of the servo motor
through the position controller. As we know, the pro-
portional link can effectively suppress the system devia-
tion and accelerate the system response in PID domain,
and the integral link can eliminate the steady-state de-
viation in [9–12], so the incremental PI control was taken
to use in position control and the incremental PI control
algorithm is as follows:
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x(k + 1) � x(k) + Δx(k + 1),

Δx(k + 1) � kp(e(k + 1) − e(k)) + kie(k + 1),

e(k + 1) � xd(k + 1) − x(k + 1),

xd(k + 1) � xr(k + 1) + Δxf(k + 1).

(5)

In the above formula, x(k) and x(k + 1) represent
the(k) th, (k + 1) th position output value, x(n + 1) repre-
sents the (n + 1) th increment, kp and ki are the proportional
gain and integral gain, respectively, xr(k + 1) is the reference
position of the peeler during the (k + 1) th sampling, and
xd(k + 1) represents the desired input value of the position
controller.

2.3. +e Steady-State Analysis of Impedance System. It is
necessary to analyze the stability of the system to improve
the force control accuracy of the power distribution robot
when the wire insulation layer is being peeled and simul-
taneously to strengthen the cutting force tracking perfor-
mance; f is equal to zero in equation (2) before the wire
peeler contacts the wire; when the time t approaches∞, then
x approaches xr, which means that the position tracking is
realized, and when the end peeler is in stable contact with the
wire, something should be satisfied as follows:

x � xe +
f

ke

. (6)

Here, xe and ke represent the initial contact position and
the stiffness of wire, respectively, and xr represents the
reference position value, so

€xr � _xr � 0. (7)

Substituting equation (6) into equation (2), we can
obtain the following equation:

mt €e f + bt _ef + kt + ke( ef � mt
€fr + bt

_fr + ktfr

− ktke xr − xe( , (8)

where ef � fr − f, and when fr is constant, the steady-state
deviation can be obtained as

ef(s) �
kt

ke + kt

fr + ke xe − xr(   � keq
fr

ke

+ xe − xr ,

(9)

where keq is the equivalent stiffness of end peeler and wire,
which is similar to the series connection of two different
stiffness springs, shown as follows:

keq � k
−1
t + k

−1
e 

−1
�

ktke

kt + ke

. (10)

Furthermore, we can obtain the steady-state contact
force:

fst � fr − ef(s) � keq
fr

kt

+ xr − xe . (11)

Combining equation (9), we can see that when we know
the initial contact position xe and the wire stiffness value ke,
the force deviation can be made to be zero, in which ke can
be estimated by experiment or obtained through experi-
ence, and when xe � xr, according to equation (2), we can
know the natural frequency and damping ratio of the
second-order system during the contact between end peeler
and wire:

kt

ke

Bt

Mt

F

Figure 2: (e contact impedance model between cable peeler and
wire.

1

2

3

4

9

8

7
5

6

10

Figure 1: Schematic diagram of cable peeling structure. (1) Cable clamping block; (2) cable clamping motor; (3) bidirectional screw; (4)
peeling cutter; (5) driving gear; (6) openable gear; (7) rotatory motor; (8) control system; (9) lithium battery; and (10) force sensor.
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kt + ke( mt
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(12)

(e stability during the contact between the peeler and
the wire depends on the target impedance controller pa-
rameters, and the dynamic performance depends on the
damping ratio and natural frequency. As we know, the
greater the inertia is, the greater the impact of the system is,
and the greater the damping is, the smaller the system
overshoot is, but the system energy consumption will in-
crease.(e smaller the stiffness is, the smaller the steady state
of force control will be and the system response will slow.
(e estimation error Δxe of xe satisfies the following
formula:

−k
−1
t fr <Δxe ≤ k

−1
t fr. (13)

At this time, the desired cutting force is not affected by
the position control error, which has strong robustness to
the uncertainty of the system model and the disturbance of
the contact force.

3. The Impedance Control Based on
RLS Method

3.1. +e Deduction of Recursive Least Square Algorithm.
When the end effector of the power distribution robot is in
contact with the environment, to accurately measure the
contact force, we must rely on full cognizance to the en-
vironmental stiffness which cannot be measured directly, so
we need to obtain the environment stiffness through an
indirect method. (e Recursive Least Square (RLS) algo-
rithm is more and more used by virtual of its simple
principle, a small amount of calculation, and online pa-
rameter identification [13–15], which can be effectively in-
tegrated with other control algorithms to improve
performance [16], so we can use the iterative characteristics
of the RLS algorithm to get the stiffness information of
environment and further to get the best control effect
approaching to ideal situation. In this paper, the RLS al-
gorithm is introduced into impedance control to perform
online identification of wire insulation stiffness and core
stiffness, which can effectively improve the force control
accuracy of power distribution robots during peeling the
insulation.

In Section 2.3, the stable contact force deviation ef

(equation (9)) is obtained, and we set the difference between
the actual displacement and the assumed displacement to be
Δxe and the difference between the actual environmental
stiffness and the assumed environmental stiffness to be Δke;
then

Δxe � xe − xe,

Δke � ke − ke.
 (14)

Further, we can obtain

es �
kt

ke + kt

keΔxe −
Δke

ke

fr . (15)

(erefore, the main factors that cause force deviation
are environment stiffness and position deviation; usually,
the position error is not so large that the main factors
causing the deviation are environment stiffness during the
operation of the power distribution robot. So we can
update the reference position xr timely by using the
method of online parameter identification based on the
RLS algorithm to obtain the wire stiffness information and
further to achieve accurate control of the cutting force. Let
φ(i), ϕ(i) be the expected output signal and the actual
output signal of the impedance controller, respectively; the
signal error can be described as

e(i) � ϕ(i) − φ(i). (16)

(e recursive calculation function can be shown as

L(n) � 
n

i�1
e
2
(i) � 

n

i�1
[ϕ(i) − φ(i)]

2
,

e(i) � ϕ(i) − Z
T
X(i),

⎧⎪⎪⎪⎨

⎪⎪⎪⎩

(17)

where Z is the weight function, the forgetting factor
λ, λ ∈ (0, 1] is introduced when the control system is un-
stable, and the recursive calculation function is synchro-
nously modified as

L(n) � 
n

i�1
λn−1

e
2
(i) � 

n

i�1
λn−1

[ϕ(i) − φ(i)]
2

� 

n

i�1
λn−1 ϕ(i) − Z

T
X(i) 

2
.

(18)

To deploy the above function into a power series,

L(n) � e
2
(n) + λe

2
(n − 1) + λ2e2(n − 2) + · · · + λn−1

e
2

+ λn
e
2
.

(19)

From the above equation, we can find that the coefficient
of the quadratic to error is 1; suppose that λ is so smaller that
the energy signal approaches closely the latest quadratic to
the error, and the proportion of errors in front of the
equation become more and more small, meaning that the
parameter identification effect is better. (e function of the
forgetting factor is to avoid data saturation in the process of
obtaining the environmental stiffness parameters [13, 14],
and simultaneously, the forgetting factor has been intro-
duced to improve the convergence speed of the algorithm
and update the stiffness parameters in time [17, 18], which is
beneficial to the reliability of the data. (e identified per-
formance generally can be expressed through the minimum
variance of the error during the process of parameter
identification, and the average errors usually are chosen to be
the threshold, when the errors are less than the threshold,
meaning that the system gradually approaches stability
during this period and the value of forgetting factor λ is
finitely close to 1, which can reduce the identification error.
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On the other hand, λ is greater than the error threshold,
meaning that the system parameters have mutated and λ has
approached λmin along a curve. Considering that the value
range of forgetting factor is λ ∈ [0, 1) and in order to ac-
celerate the identification speed, the correction principle of
forgetting factor is shown in Figure 3 and can be expressed
by the following equation:

λ(t) � 1 − α1
arctan α2 |e(t)| − α3( ( 

π + 0.5
 . (20)

Here, α1, α2, and α3 have played different roles in the
adjustment process of the forgetting factor according to the
size of the error; when the error is greater than the threshold
α3, the value of the forgetting factor is 1 − α1, which is smaller
during the period and can accelerate the process of adjust-
ment to reduce the error. When the error is so small that its
value infinitely approaches 1 to make the system stable and
the whole adjustment process makes the error stable around
α2 and changes smoothly, the problem of untimely cutting
force tracking caused by the excessive variation of the error
caused by the sudden change of input signal has been solved
according to adjustment of the forgetting factor, and the
defect that the ability of parameter correction in RLS becomes
weak with the increase of the number of iterations has been
settled, which has obvious advantages for the time-varying
stiffness parameter identification.

In order to make the identification effect of stiffness
parameters better, we need to get the best weight function

from theoretical analysis, and if we want to get the best
weight function Z, we should minimize the iteration
function Zk(n), so differentiate equation (21) to obtain

zL(n)

zZk(n)
� −2

n

i�1
λn−1

e(i)X(i) � 0. (21)

Further, simplify equation (21) to get



n

i�1
λn− 1 ϕ(i) − Z

T
X(i) X(i) � 0,

Z 
n

i�1
λn−1

X(i)
T
X(i) � 

n

i�1
λn−1

X
T
(i)ϕ(i).

⎧⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎩

(22)

For calculating conveniently, let us define the following
equation:

Q(n) � 
n

i�1
λn−1

X
T
(i)X(i),

P(n) � 
n

i�1
λn−1

XT(i)ϕ(i).

⎧⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎩

(23)

(en equation (22) can be expressed as

ZQ(n) � P(n), (24)

where Q(n) andP(n) are both functions of n; we can see that
Z is a function of n, so there is

Z(n) � Q
−1

(n)P(n) � R(n)P(n). (25)

Here, R(n) � Q− 1(n), and equation (23) can be denoted
as the following iterative form:

Q(n) � λQ(n − 1) + X(n)X
T
(n),

P(n) � λP(n − 1) + ϕ(n)X(n).

⎧⎨

⎩ (26)

Substitute R(n) into equation (26) to get

R(n) � λR
−1

(n − 1) + X(n)X
T
(n) 

−1

�
1
λ

R(n − 1) − K(n)X
T

(n)R(n − 1) .

(27)

Define the gain K(n) as follows:

K(n) �
R(n − 1)X(n)

λ + X
T
(n)R(n − 1)X(n)

. (28)

Substitute equations (28) and (26) into equation (25) to
get the final expression of weight function:

Z(n) � Z(n − 1) + K(n)e(n − 1). (29)
(e entire RLS algorithm can be represented as Figure 4

according to the flowchart.

3.2. +e Impedance Control Based on RLS Algorithm. (e
process of contact between the end peeler and the wire is

α1

α2

α3 e (t)

λ

λmin

1

Figure 3: Correction schematic diagram to the forgetting factor.
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regarded as the action borne force of the spring with stiffness
ke, which can be regarded as a one-dimensional situation
where f � kex, and f is the actual cutting force applied to
the wire by the end peeler and being collected by the force
sensor, x is the displacement of the end peeler which can be
measured by the motor encoder, any set of data (xt, ft) is
obtained during the sampling process, and ke is estimated by
the RLS algorithm.

So the following relation can be gained:

ke(t) � x
T
t xt 

−1
x

T
t ft, t ∈ N

∗
( ,

Rt+1 �
Rt

λt + x
T
t+1xt+1 

,

Ke(t + 1) � Ke(t) + Ke(t + 1) ft+1 − ke(t)xt+1 ,

ke(t + 1) � Rt+1xt+1.

(30)

(eRLS algorithm is applied to the wire peeling process
of the power distribution robot; in order to reduce the data
error, the average value obtained during the sampling
period is used to be the actual value of the cutting force to
the wire peeler. When the errors where the values are
compared with expected reference force to get are less than
0.01, the RLS impedance system can be regarded as stable,
the calculation based on the Recursive Least Square method
is being stopped, and the updating algorithm of reference
position to the cutting force based on RLS parameter
identification can be obtained:

xr(t + 1) �
fr

ke(t + 1)
+ xe,

xd(t + 1) �
fr

ke(t + 1)
+ xe + xf.

(31)

(e entire principle of impedance control process based
on RLS algorithm can be described by the following im-
pedance control system diagram frame shown in Figure 5.

4. Simulation Analysis

(e power distribution robot is taken to be research object in
this paper to consider the problem of the unstable cutting
force which is produced by the end peeler and the wire
during the peeling process, and we have proposed an im-
pedance control algorithm based on Recursive Least Square
(RLS) method of parameter identification to achieve a
smooth contact between the peeler and wire. To verify
whether the algorithm can achieve stable tracking of the
cutting force in the case of sudden changes to environmental
stiffness, the algorithm of each controller is written and
sealed in the Simulink environment.

4.1. Simulation of Impedance Control. In order to make the
response speed of each controller the best and the system
overshoot and the steady-state error the lowest, we have run
and debugged the simulation system many times, and the
parameters are set to be mt � 1, bt � 120N/(m/s), kt �

800N/m, kp � 4.07, and ki � 2.38, respectively, which can
refer to the effective literature [19, 20], the stiffness of wire to
be ke � 1000N/m, and the equivalent stiffness of system to
be keq � 444N/m. Considering that the wire insulation layer
is generally plastic and the wire core is metal whose stiffness
is different, when carrying out impedance simulation, we
perform the tracking simulation including the constant force

End operation

Yes

Start

Determine whether
φ(i) is stable

Revise the iterative function L(n)

Define the gain K(n)

Yes

No

No

Forgetting factor λ, λ ∈ (0 1]

Obtain the optimal weight function Z(n)

Δxe, Δke, ef, φ(i), L(n)

x xr, ef 0?

Figure 4: (e flowchart of RLS algorithm.
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F � 80N and the sine force F � 20 sin(0.8π) whose am-
plitude is 20 and frequency is 0.4Hz, respectively, assuming
that the environment stiffness mutates suddenly after sim-
ulating 3 s and the mutated environment stiffness is
ke
′ � 900N/m, setting the total simulation time to be 4 s, the

force sampling time to be 1mm, and the initial position of
the peeler to be 0.05mm; the simulation results can be
obtained and shown as in Figures 6–11.

4.2.+e ImpedanceControlBasedonRLSAlgorithm. In order
to verify that the RLS algorithm still has good force tracking
performance when the environment stiffness changes

suddenly, the impedance control algorithm of the power
distribution robot is comparatively simulated under the
same conditions, the parameters of each controller are set to
be the same as in Section 3.1, the forgetting factor which
belongs to Recursive Least Square method is set to be
λ � 0.975, and the following simulation results are obtained
as shown in Figures 12–17.

It can be seen from the simulation results that the
impedance control based on RLS can respond quickly and
stably in a relatively short period of time before and after
the environmental stiffness mutates, and the error is
always approaching zero whether it is a constant force
tracking or a sine force tracking, which should attribute
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to the superiority of the RLS impedance control algo-
rithm to a certain extent; it can reflect the feasibility and
effectiveness of the impedance control algorithm based
on RLS, compared with the impedance control algorithm
of the peeling link in the power distribution robot op-
eration. On the contrary, compared with the simulation
results of impedance control in Figures 10 and 11, we can
know that impedance control can only complete certain
tasks without any mutated environmental stiffness, but it
is difficult to complete tasks when the environmental
stiffness changes suddenly that is because ordinary impedance
control cannot identify the environmental stiffness.

5. Experiment

When performing the peeling experiment of the robot’s
high-voltage wire, we firstly select the commonly used wire
whose main core is steel and the subordinate material is an
aluminum strand in the 10 kV distribution networks (GB/
T1179-2008: round and overhead wire with concentric
strand), and the performance parameters of the high-voltage
are shown in Table 1.

(e experimental site is shown in Figure 18, and the
end peeler has been assembled with the end flange of the
UR10e, which is a collaborative 6-axis robot to verify the
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Figure 13: (e constant force tracking error curve of RLS on mutated stiffness.
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peeling effect of the cutting force control algorithm to the
peeler during the peeling process of the power distri-
bution networks. In the process of setting the force
controller parameters, the sampling interval of force

control is set to be Ts � 1ms, the time that is used to peel
the wire insulation layer is set to be 4 s, the speed of the
wire peeler which moves around the wire axial is
3.75 cm/s, the parameters to the target impedance

(a) (b) (c)

Figure 18: (e RLS impedance control experiment to peeler of power robot. (a) Preparation process before peeling. (b) Process of peeling
insulation. (c) Connect the lead current wire.

0 1 2 3 4
Cutting time t/sec

100

80

60

40

20

0

–20

–40

Th
e f

or
ce

 cu
tti

ng
 F

/N

2.8 3.2 3.6 4.0

85

80

75

70

The reference force
The simulation force based on RLS algorithm
The simulation force of impedance control
The experimental value based on RLS algorithm
The experimental value based on impedance control

(a)

100

120

80

60

40

20

0

–20

Th
e e

rr
or

 o
f c

ut
tin

g 
fo

rc
e F

/N 10
8
6
4
2
0

–2
–4
–6

2.8 3.0 3.2 3.4 3.6 3.8 4.0

The simulated force error of impedance control
The simulated force error of impedance control
based on RLS algorithm
The experimental value to impedance control
based on RLS algorithm
The experimental value to impedance control

0 1 2 3 4
Cutting time t/sec

(b)

Figure 19: Comparison of the simulated and experimental values.

Table 1: (e performance parameter of high-voltage wire.

Normal cross-section (aluminum/steel) 150/20
Steel proportion 13%

Number of single wires Aluminum 24
Steel 7

Standard thickness of insulation (mm) 3.4

Diameter (mm) Steel core 5.55
Helix line 16.7

(e insulation material XLPE
Density of XLPE (g/cm3) 0.92
Elastic modulus of XLPE (MPa) 12201
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controller are set to be the same as the previous chapter
during peeling the wire, and the test of impedance control
and the test being improved RLS impedance control are
carried out, respectively.

5.1. Analysis of Experiment. Comparing the experimental
values with simulated values in Figure 19, it can be seen that
they are basically identical, and what is most important is
that the errors of cutting force, experimental and simu-
lated, especially the force value to impedance control based
on RLS algorithm, are so small, approaching zero, which
proves that the proposed strategy to impedance control
based on RLS algorithm is accurate and feasible; last but not
least, the wire can be peeled clearly and not be damaged
during the robot peeling experiment, which has important
practical significance for improving power distribution
efficiency and the development of power distribution
networks.

6. Conclusion

Considering the wire core which is easily damaged due to the
instability of the power distribution robot in the field of
distribution networks operations, we have proposed an
impedance force tracking control algorithm based on RLS
algorithm, which can effectively identify the stiffness be-
tween the insulation layer of wire and wire core during the
peeling process and can provide more accurate cutting force
for the end peeler.

In order to verify the effectiveness and feasibility of the
proposed algorithm, a simulation model based on the RLS
impedance tracking control algorithm was built in the
Simulink environment. At the same time, both the simu-
lation and experiment on peeling link to the impedance
control of the power distribution robot and the proposed
impedance control algorithm based on RLS were imple-
mented; comparing the results of simulation and experi-
ment, which showed that the proposed RSL algorithm can
still have better force tracking performance in the case of a
sudden change to environment stiffness and the steady-state
error approached zero, this algorithm based on RLS has high
stability and feasibility compared with the traditional im-
pedance control, which can provide theoretical guide and
important practical significance for solving the problem that
the wire core is easily damaged during the operation of
power distribution robot. (e impedance control algorithm
based on RLS parameter identification will be further op-
timized and improved in the future; this is a difficult and
long-term process.

Nomenclature

RLS: (e Recursive Least Square method
Mt(mt): (e inertia matrix of system
Bt(bt): (e damping matrix of system

Kt(kt): (e stiffness matrix of system
€Xr( €xr): (e desired acceleration of peeler
_Xr( _xr): (e desired velocity of peeler
€Xr( €xr): (e desired displacement of peeler
F(f): (e contact force of end peeler
Fr(fr): (e reference force of controller
fst: (e steady-state contact force
xr: (e reference position
xe: (e initial position of peeler
xd: (e control command of position
ke: (e stiffness of wire
keq: (e equivalent stiffness of system
ξ: (e damping ratio of system
ωn: (e natural frequency of system
α: (e threshold of parameter λ
λ: (e forgetting factor
L(n): (e recursive calculation function
Zk(n): (e optimal weight function.
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