
Fuzzy Adaptive Controller Design for Double-
pendulum Tower Crane with Distribute Mass
Payload
Zheng Sun 

Nanjing Tech University
Huimin Ouyang  (  ouyang1982@njtech.edu.cn )

Nanjing Tech University https://orcid.org/0000-0002-5278-9563

Research Article

Keywords: Underactuated systems , Tower cranes , Distributed mass payload , Antiswing control , Fuzzy
adaptive control

Posted Date: October 20th, 2021

DOI: https://doi.org/10.21203/rs.3.rs-911408/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

https://doi.org/10.21203/rs.3.rs-911408/v1
mailto:ouyang1982@njtech.edu.cn
https://orcid.org/0000-0002-5278-9563
https://doi.org/10.21203/rs.3.rs-911408/v1
https://creativecommons.org/licenses/by/4.0/


Noname manuscript No.
(will be inserted by the editor)

Fuzzy Adaptive Controller Design for Double-pendulum Tower
Crane with Distribute Mass Payload

Zheng Sun · Huimin Ouyang

Received: date / Accepted: date

Abstract As a kind of high-efficiency transportation
tools, tower cranes are widely used in construction site.
With the increasing volume and mass of payload being

transported, the researches of distributed mass payload
(DMP) problems have been paid more and more atten-
tions. However, most of the existing control algorithm-

s designed for the concentrated mass payload (CMP)
are not enough to meet the needs of actual produc-
tion. The difference between DMP and CMP is mainly

manifested in that the remaining payload swing caused
by inertial torque of DMP cannot be effectively sup-
pressed, which leads to safety hazards. In addition, due

to the different working environment, accurate system
parameters (such as mechanical frictions, air frictions
) are hard to obtain, which leads to errors in their po-

sitioning. To solve the above issues, first, we establish
mathematical model of a double-pendulum tower crane
with distributed mass payload (DTCDMP) and carry

out dynamic analysis. Then we propose a fuzzy adap-
tive control method, which has a good tracking effect
against external disturbances and parameter uncertain-

ties, and the method can achieve accurate positioning
and effective anti-swing. Then, the Lyapunov technolo-
gy and LaSalle’s invariance principle are used to rigor-

ously prove the stability of the system. Finally, on the
basis of tracking the S-shaped trajectories, the effec-
tiveness and robustness of the proposed controller are
verified through multi-group comparative experiments.
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1 Introduction

With the development of modern industry, the crane

system has been widely used in various production de-
partments such as factories, mines, construction sites,
etc., due to its advantages of fewer actuators and simple

structure [1][2]. However, as an under-actuated system,
the number of independent inputs of a crane are less
than the number of degrees of freedom, and there is usu-

ally a high degree of coupling between the system states
(jib rotation, trolley movement and cargo swing). This
also makes eliminate the swing angles while ensuring

its positioning (jib rotation and trolley displacement)
become a very challenging problem during operation.

In recent decades, the control problem for cranes has

attracted attention by scholars from various countries.
In this regard, a series of control algorithms have also
been proposed, such as input shaping method [3]-[5],

trajectory planning method [6][7], partial feedback lin-
earization [8], nonlinear coupling control [9], adaptive
control [10][11], sliding mode control [12]-[14], neural

network [15][17] and other control algorithms. Through
careful analysis, it is found that the above literature is
mainly for the crane system with single pendulum ef-

fect. However, in practical applications, the mass of the
hook cannot be ignored. Therefore, it is easier to show
the double-pendulum effect during the swing process.

In addition, we also need to consider factors such as
payload volume and shape. In this case, the payload has
distributed mass characteristics. the swing phenomenon

of DMP is more complicated.
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For this reason, scholars have also put forward some

effective schemes and achieved certain results. Jaafar
et al. proposed a model reference command shaping
method for the payload multi-modal vibration control

problem in the bridge crane system. Compared with the
multi-modal zero vibration shaper and the derivative
zero vibration shaper, it has higher robustness [18]. Lu

et al. proposed an enhanced coupling adaptive control
method for the variable rope length double-pendulum
bridge crane system, and the effectiveness of the method

was verified by platform experiments [19]. In order to
realize the trolley positioning and payload swing sup-
pression in the double-pendulum bridge crane system,

Ouyang et al. proposed a controller based on energy
shaping [20]. Giacomelli et al. aimed at the residual
swing of the payload in the double-pendulum bridge

crane system. An input-output inverse control method
is proposed, and the effectiveness of the method is ver-
ified by simulation and experiments [21]. Sun et al.
proposed an energy/passivity-based adaptive nonlinear

controller for the double-pendulum bridge crane sys-
tem, and use the experiment verified the effectiveness
of the method [22]. Chen et al. also proposed an energy-

optimized controller for the dual-swing bridge crane
system. This method not only realizes the positioning
and swing suppression of the trolley, but also considers

the constraints of the system state and control vari-
ables. Finally, a comparative experiment verifies the
effectiveness of method [23]. Aiming at the horizon-

tal oscillation of the two-dimensional plant after the
distributed mass payload reaches the target position,
Wang et al. proposed an optimized and improved op-

timal anti-sway control method based on the system
response under the action of a first-order low-pass filter
to achieve higher hook oscillation. The faster suppres-

sion of distributed mass payload oscillation is verified
by experiment and simulation [24].

Through a large amount of literature analysis and

comparison, some important issues still remain to be
solved.

1. Many control methods are designed for the crane
system with CMP. However, there is no specific anal-
ysis for DTCDMP. Therefore, the effectiveness of

the existing control algorithms needs to be studied
in detail.

2. The design of most controllers for double-pendulum

tower cranes are based on linear model. While en-
countering external disturbances, the state variables
are easy to deviate from the equilibrium position,

and its stability cannot be guaranteed.
3. Most of the existing control algorithms require ac-

curate parameter information, and it is difficult to

ensure the robustness to uncertain parameters.

In response to the above problems, the main contribu-

tions of this paper are as follows:

1. The dynamic model of the DTCDMP is established

and analyzed.
2. Aiming at the complex dynamic characteristics of

DTCDMP, a fuzzy adaptive controller is proposed

without linearization. It can adjust controller pa-
rameters online to ensure accurate positioning and
fast sway elimination. Therefore, it has more excel-

lent control performance under different parameter-
s.

3. The Lyapunov technique and LaSalle’s invariance

principle are used to prove its stability, and through
comparative experiment analysis, the controller has
good anti-swing performance.

The remaining structure of this paper is as follows:
In Section 2, the mathematical model of DTCDMP is

established. Then, Section 3 describes the design of the
proposed controller. The adaptive controller is designed
according to the energy equation, in order to enhance

the real-time control, a fuzzy controller is added, and
the two are combined into the proposed controller to
further improve the positioning and sway function. Sec-

tion 4 introduces the self-built tower crane platform and
the discussion and analysis of the experimental results,
which proves the superiority of the proposed controller.

Section 5 summarizes the main work of this paper.

2 Problem Statement

2.1 Tower Crane Modeling

In order to clearly express the physical dynamic struc-
ture and operating mechanism of the DTCDMP, the

model diagram is shown in Fig. 1. It is roughly com-
posed of the jib, base, mast, trolley, hook and DMP.
The Lagrange’s equation of motion is used to establish

its mathematical dynamic relationship, and the results
is as follows:

M(q)q̈ + C(q, q̇)q̇ +G(q) = U − Fs −D (1)

where M(q) is system inertia matrix, C(q, q̇) is referred

to as the centripetal-Coriolis matrix, G(q) is the gravity
effects vector, U is the control input vector, Fs and D
are the system disturbances, q(t) is the state variable

of the system. For ease of reading, the specific content
is included in Appendix A.

Considering the actual operation of the crane and
the convenience of the controller design and the proof
of stability, we make the following reasonable assump-

tions.
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Fig. 1 Structure diagram of tower crane with DMP.

Assumption 1 : Ropes and rigging can be regarded

as a massless rigid link.
Assumption 2 : During transportation, the swing an-

gles of the hook and payload are:

θi ∈ (−
π

2
,
π

2
), i = 1, ..., 4. (2)

2.2 Control Objective

The control objectives of the tower crane system in-
clude fast and accurate positioning of the trolley and
jib, and effective suppression of payload swing. In or-

der to achieve the entire control goal, it is defined as
follows:

lim
t→∞

χ = χr (3)

where χ = φ or x, χr is the target position (jib/trolley).

lim
t→∞

θi = 0, i = 1, ..., 4. (4)

At the same time, the trolley and jib operation meet

the following reference trajectories,
case 1: t ≥ tχd

χr(t) = χd, χ̇r(t) = 0, χ̈r(t) = 0, (5)

case 2: 0 < t < tχd

χr, χ̇r, χ̈r ∈ L∞, (6)

case 3: t = 0

χr(0) = χ0, χ̇r(0) = 0, χ̈r(0) = 0 (7)

where χ0 is the initial position (jib/trolley).

3 Main Results

In this section, aiming at DTCDMP, a fuzzy adaptive
controller is proposed. Then we use Lyapunov technique

and LaSalle’s invariance principle to prove its stability.

3.1 Adaptive Controller Design

The total energy of the DTCDMP system is the sum
of its kinetic and potential energy. The mathematical

expression is:

E =
1

2
q̇TMq̇ + (m1 +m2)gl1(1− C1C2)

+ m2gl2(1− C3C4) (8)

It is worth mentioning that, for ease of reading, let

sin(θi)
∆
= Si, cos(θi)

∆
= Ci (i = 1,...,4.) and l22 = l2r −

l2p
4

in the following sections.
The energy function is E derived with respect to

time, and Ė is expressed as follows:

Ė = q̈TMq̇ +
1

2
q̇T Ṁ q̇ + (m1 +m2)gl1(S1C2θ̇1

+ C1S2θ̇2) +m2gl2(S3C4θ̇3 + C3S4θ̇4)

= (Tφ − Tf −Dφ)φ̇+ (Fx − Ff −Dx)ẋ

+ D1θ̇1 +D2θ̇2 +D3θ̇3 +D4θ̇4 (9)

Dφ = dφφ̇,Dx = dxẋ, D1 = d1θ̇1,

D2 = d2θ̇2, D3 = d3θ̇3, D14 = d4θ̇4. (10)

where Dℓ (ℓ = φ, x, 1, ..., 4) is the air friction forces and
dℓ are the damping coefficients.

Inspired by Eq. (8), combined with the control ob-

jectives of Eq. (3) and Eq. (4), construct the following
positive definite functions as Lyapunov candidate func-
tions:

VE =
1

2
q̇Te Mq̇e + (m1 +m2)gl1(1− C1C2)

+ m2gl2(1− C3C4) (11)

where qe = [eφ ex θ1 θ2 θ3 θ4]
T ,

q̇e = [ėφ ėx θ̇1 θ̇2 θ̇3 θ̇4]
T , eφ = φ − φr, ėφ =

φ̇− φ̇r, ex = x− xr, ėx = ẋ− ẋr.

Then taking the time derivative of Eq. (11), we have

V̇E = q̇Te Mq̈e +
1

2
q̇Te Ṁ q̇e + (m1 +m2)gl1(S1C2θ̇1

+ C1S2θ̇2) +m2gl2(S3C4θ̇3 + C3S4θ̇4)

= q̇Te (Mq̈e + Cq̇e) + (m1 +m2)gl1(S1C2θ̇1

+ C1S2θ̇2) +m2gl2(S3C4θ̇3 + C3S4θ̇4)

= q̇Te (U − Fs −D −Mq̈ς − Cq̇ς −G) + (m1

+ m2)gl1(S1C2θ̇1 + C1S2θ̇2) +m2gl2(S3C4θ̇3

+ C3S4θ̇4)

= q̇Te (U − Fs −D −Mq̈ς − Cq̇ς)

= (Tφ − γT
φϖφ)ėφ + (Fx − γT

xϖx)ėx + ∂1

+ ∂2 + ∂3 + ∂4 (12)

where q̈ς = [φ̈r ẍr 0 0 0 0]
T
,

q̇ς = [φ̇r ẋr 0 0 0 0]
T
, ∂i (i = 1, ..., 4) are in-

cluded in Appendix B.
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Fig. 2 Fuzzy controller structure diagram

Because the tower crane system is very complicated
in the actual working environment, many parameter-

s cannot be obtained easily, thus we estimate them in
ϖ̂φ and ϖ̂x, respectively, the nonlinear controller is de-
signed as follows:

Tφ = −kφpeφ − kφdėφ + γT
φϖ̂φ (13)

Fx = −kxpex − kxdėx + γT
xϖ̂x (14)

where in kφp, kφd, kxp, kxd ∈ R+ represent positive
control gains. ϖ̂φ and ϖ̂x denote the estimations for
uncertain vectors ϖφ and ϖx, which are expressed as:

ϖ̂φ = [m̂1 m̂2 m̂1l1 m̂2l1 m̂2l2 m̂1l21

m̂2l22 m̂2l1l2 m̂t Ĵ f̂φ1 f̂φ2 d̂φ]
T (15)

ϖ̂x = [m̂1 m̂2 m̂1l1 m̂2l1 m̂2l2 m̂t f̂x1

f̂x2 d̂x]
T (16)

The parameter update laws are designed as follows:

˙̂ϖφ = −Λ−1
φ γφ(φ− φr) (17)

˙̂ϖx = −Λ−1
x γx(x− xr) (18)

where Λφ = diag (µφ1, µφ2, ..., µφ14) ∈ R14×14, Λx =
diag (µx1, µx2, ..., µx9) ∈ R9×9 are positive definite di-

agonal matrices, their parameters can be designed.

3.2 Fuzzy Controller Design

Based on the frequency and complexity of the actual

operation of the crane, in order to complete the control
requirements more effectively, we added a fuzzy control
method to adjust its parameters kφp, kφd, kxp and kxd
online to achieve stronger real-time performance and
higher control accuracy.

Two fuzzy controllers are added in the adaptive con-
troller. Considering the similarity of the fuzzy controller

in Tφ and Fx, the controller with Tφ in Eq. (13) is tak-
en as an example. Taking the displacement and speed
error of φ as input, the output signals are the corrected

∆kφp and ∆kφd.

Trolley driven

       motor

Jib  driven

   motor

moter drivers

      Swing angle 

measuring mechanism

Detail

PC

Controller plate

Fig. 3 Tower crane experiment platform diagram.

In Fig. 2, NB (negative big), NM (negative medi-
um), NS (negative small), ZE (zero), PS (positive s-
mall), PM (positive medium) and PB (positive big) are

chosen for eφ, ėφ, ∆kφp and ∆kφd. Among them, The
basic domain of the jib displacement and velocity er-
rors are all φ ∈ [-3, 3]. The basic domains of revision

are ∆kφp ∈ [1, 12] and ∆kφd ∈ [3, 12]. Their quantiza-
tion factors are 0.25, 20, 10 and 10 respectively and use
trimf and gaussmf type functions as membership func-

tions. According to the rules in Fig. 3, the adaptive
adjustment of kφp and kφd parameters are:

kφp = k0φp +∆kφp (19)

kφd = k0φd +∆kφd (20)

where k0φp and k0φd are the initial values of the controller
parameter, and ∆kφp, ∆kφd are the two modified val-

ues.

The fuzzy rules for tuning the control gains are ex-

pressed generally as:

If E isMi1 and ECisMj1then kφp isQi1 and kφd isQj1(21)

where Mi1, Mj1, Qi1 and Qj1 represent different mem-

bership curves. In addition, set two inputs and seven
fuzzy sets, the total rule is forty nine, as given in Fig.
3.

3.3 Stability Analysis

Theorem 1: Under the controller and update laws Eqs.
(13)-(18), the trolley and jib track the reference tra-

jectories and the swing of the hook and DMP will be
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suppressed, that is:

[eφ ex] ∈ eχ
∗, [θ1 θ2 θ3 θ4] ∈ θι

∗

lim
x→∞

[eχ
∗ θι

∗]
T
= [0 0 0 0 0 0]

T

lim
x→∞

[
ė∗χ θ̇∗ι

]T
= [0 0 0 0 0 0]

T

lim
x→∞

[
ë∗χ θ̈∗ι

]T
= [0 0 0 0 0 0]

T
(22)

Proof: See the Appendix C.

4 Experimental Results And Discussions

This section will be divided into three parts. The first
part is the introduction of the self-built tower crane

experiment platform, the second part presents exper-
imental conditions, and the third part is the compar-
ative experiment and analysis with the existing con-

trollers. The comparative controllers are chosen linear-
quadratic-regulator (LQR) [25] and partial enhanced-
coupling (PEC) [26].

4.1 Experimental Equipment

The tower crane platform is shown in Fig. 4. The plat-
form consists of PC, control plate, trolley, jib, motor
driver and swing angle measuring mechanisms. In terms

of specific operation, use Matlab/Simulink to build and
generate code on the PC, and send it to the Digital Sig-
nal Processing (DSP) with a control cycle of 5[ms], and

then monitor and record feedback through the serial
port data. It is worth mentioned that the four swing
angle measuring mechanisms are used to monitor the

swing of the hook and DMP (the details are shown in
Fig. 4).

4.2 Experimental Conditions

In order to avoid the adverse effects of too fast or too

slow positioning of the control process, and to meet the
preset control target, the following reference trajecto-
ries are adopted:

q(χ)r =





( t
tq(χ)d

−
sin( 2πt

tq(χ)d
)

2π )(q(χ)d − q(χ)0

+q(χ)0, t ∈
[
0, tq(χ)d

)

q(χ)d. t ∈
[
tq(χ)d ,+∞

)
(23)

where q(χ)0, q(χ)d and tq(χ)d respectively represent the

initial target position/angle, the final target position/angle,
and the time required to reach. In addition, q(χ)0 =
0[m], tq(χ)d = 3[s], q(φ)r = φr = −30[deg], q(x)r =

xr = 0.3[m]. Model parameters are shown in TABLE I.
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Fig. 4 Fuzzy control rules.

Table 1 Tower crane model

mt[Kg] 3.0 m1[Kg] 0.5 m2[Kg] 0.5

l1[m] 0.4 J0[Nm] 6.8 g[m/s2] 9.80

According to the time response of the crane system, we

choose the adaptive laws Λφ and Λx to be as 0.02 and
10, respectively. The initial fuzzy controller gains of Tφ

and Fx are:

k0φp = 20, k0φd = 5, k0xp = 10, k0xd = 5 (24)

4.3 Existing Controller

In this section, the proposed controller is compared with
the existing controllers (LQR and PEC) for experimen-
tal comparison and analysis. First, linearize the model

for the following controller design.

M∗q̈ +G∗(q) = U (25)

where

M∗ =
[
m

′

ij

]
∈ R6×6.

i = 1, ..., 6, j = 1, ..., 6.

and m∗

11 = J + (m1 +m2 +mt)x
2
d, m

∗

22 = m1 +m2 +

mt, m
∗

33 = (m1 + m2)l
2
1, m

∗

44 = (m1 + m2)l
2
1, m

∗

55 =
m2lp/12 +m2l

2
2, m

∗

66 = m2l
2
2, m

∗

16 = m∗

61 = −m2l2xd,
m∗

14 = m∗

41 = −(m1 + m2)l1xd, m
∗

23 = m∗

32 = (m1 +

m2)l1,m
∗

25 = m∗

52 = m2l2,m
∗

35 = m∗

53 = m2l1l2,m
∗

46 =
m∗

64 = m2l1l2. The rest of the elements are all zero.

G∗(q) = [g∗1 g∗2 g∗3 g∗4 g∗5 g∗6 ]
T

where g∗1 = 0, g∗2 = 0, g∗3 = (m1 + m2)l1gθ1, g∗4 =

(m1 +m2)l1gθ2, g
∗

5 = l2m2gθ3, g
∗

6 = l2m2gθ4.

U = [Tφ Fx 0 0 0 0]
T
.
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Then, the first controller LQR based on Eq. (25) is

designed as follows:

T lqr
φ = −kφ1eφ − kφ2ėφ − kφ3θ2

− kφ4θ̇2 − kφ5θ4 − kφ6θ̇4 + Tf (26)

F lqr
x = −kx1ex − kx2ėx − kx3θ1

− kx4θ̇1 − kx5θ3 − kx6θ̇3 + Ff (27)

where Tf and Ff are friction forces in Appendix B.
Through multiple experiments and analysis, the friction
parameters are selected as fφ1 = 2.2, fφ2 = 0.8, fx1 =

0.5, fx2 = 0.5, ε1 = 0.01, ε2 = 0.01. Then, the gain
parameters of the controller as follows:

kφ1 = 56.6, kφ2 = 14.5, kφ3 = 8.9,

kφ4 = 3.4, kφ5 = −2.5, kφ6 = −1.1,

kx1 = 40.0, kx2 = 9.2, kx3 = −19.1,

kx4 = −0.9, kx5 = 13.3, kx6 = 0.8. (28)

The second controller PEC is designed as follows:

T pec
φ = −k11eϑϕ

− k12ėϑϕ
− k1(θ̇

2
2 + θ̇24)ėϑϕ

+ m∗

11(ηφ(m
∗

41θ̇2 +m∗

61θ̇4) + φ̈r) + Tf (29)

F pec
x = −k21eϑx

− k22ėϑx
− k2(θ̇

2
1 + θ̇23)ėϑx

+ m∗

22(ηx(m
∗

32θ̇1 +m∗

52θ̇3) + ẍr) + Ff (30)

where

eϑϕ
= φ(t)−

∫ t

0

ηφm
∗

41θ2 + ηφm
∗

61θ4dτ − φr

eϑx
= x(t)−

∫ t

0

ηxm
∗

32θ1 + ηxm
∗

52θ3dτ − xr

andm∗

11, m
∗

41, m
∗

61, m
∗

22, m
∗

32 andm∗

52 are the lineariza-
tion variables of the system. Besides, the parameters of
the controller are selected as follows [26]:

k11 = 80, k12 = 15, k1 = 10, k21 = 150,

k22 = 10, k2 = 10, ηφ = 0.8, ηx = 0.51. (31)

4.4 Peformance Comparison

We let the three controllers follow the target trajecto-
ries in Eq. (23). The experimental comparison results

are shown in Fig. 5, which are analyzed and compared
from three aspects. The first one is for positioning accu-
racy. Compared with the proposed control, within 0[s]-

2[s], PEC and LQR controllers show hysteresis effects,
and within 3[s]-4[s], PEC and LQR show leading effect-
s, which is very easy to produce overshoot. Beside, the

contrast controllers did not reach the target position in
the rotation angle (see the enlarged image for details).
The second one is for the swing suppression time. The

proposed controller completes sway elimination in 6[s].

Fig. 5 Results of experiment A: m2 = 0.5kg, l2 = 0.15m.

Table 2 Experimental results with m2 = 0.5 [kg],lh = 0.15
[m]

Control method tαr[s] txr[s] θ1max[deg]

Proposed controller 3.04 3.00 1.01

PEC 2.97 3.03 1.26

LQR 2.82 3.00 1.37

θ2max[deg] θ3max[deg] θ4max[deg]

Proposed controller 0.67 0.81 0.92

PEC 0.93 0.72 1.10

LQR 1.07 1.25 1.03

Nevertheless, PEC and LQR complete the swing elimi-
nation at 10[s]. The third one is for the maximum swing

angles. The overall swing of the proposed controller is
smaller than that of the comparison controllers. The
specific content is shown in TABLE II.

4.5 Robustness Verification

This section will verify the robustness of the proposed
controller from two parts.

In the first part, by changing the mass/rope length
of the DMP, the mass m2 and the rope length l2 are
respectively 0.5[kg]-1.5[kg] and 0.15[m]-0.25[m]. In Fig.

6 and Fig. 7, we analyze from two directions. In the as-
pect of anti-swing, the proposed controller can complete
the anti-swing within 6.5[s]. However, the comparison

controllers PEC and LQR generally extend 4[s]-6[s] for
the sway time, and the sway elimination is completed
in about 14[s]-16[s]. Moreover, the maximum swing an-

gles obtained by the proposed controller is still smaller
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Fig. 6 Results of experiment B: m2 = 1kg, l2 = 0.2m.

Fig. 7 Results of experiment C: m2 = 1.5kg, l2 = 0.25m.

than that obtained by the comparison controllers. It can

be concluded that under different parameter changes,
the proposed controller still has good performance. In
contrast, PEC and LQR performed poorly. The main
reason is that the contrast controllers require a higher

model accuracy. Therefore, this makes performance of
the contrast controllers change drastically.

In the second part, considering the payload swing
caused by loading goods, a non-zero initial swing an-
gle experiment was further carried out. Specifically, the

initial angles of θi (i = 1 · · · 4) under the proposed con-
troller were set as −0.5[deg], −0.4[deg], 0.2[deg] and
−0.1[deg], and the corresponding values of PEC and

LQR were set as−0.1[deg],−0.5[deg],−0.2[deg],−0.3[deg],
−0.1[deg], −0.8[deg], −0.1[deg] and −0.4[deg], respec-
tively. The results are shown in Fig. 8. Due to the dif-

ferent initial angles, we only study the problem of posi-
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Fig. 8 Non-zero initial swing angle experiment D: m2 =
1.0kg, l2 = 0.2m.

tioning and eliminating swing. In terms of positioning
accuracy, the fuzzy controller online adjustment avoids

the failure of the LQR positioning. At the same time,
it also avoids the large swing angles caused by the PEC
lagging in the φ direction and the leading in the x direc-

tion. In terms of swing suppression, the LQR controller
has the worst performance ( the payload swing angles
are suppressed in 16[s].), followed by PEC ( the anti-

swing effect of θ1 and θ3 are better, while the effect
of θ2 and θ4 are poor ). In contrast, it is not difficult
to find that the proposed controller still has a greater

advantage.

5 Conclusion

In this paper, a fuzzy adaptive controller was designed

for the controlling goal of DTCDMP. The proposed con-
troller consists of two parts: the adaptive controller and
the fuzzy controller. This paper first given the expres-

sion of system energy. According to the expression of
system energy, a scalar function was proposed, and an
adaptive controller was designed based on this. Then,

considering the real-time control of actual operation, we
added fuzzy control to further improve its positioning
accuracy and anti-sway function. Finally, a large num-

ber of comparative experiments shown that the pro-
posed controller still has excellent performance regard-
less of the uncertain model parameters, non-zero initial

angles and external disturbances.
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