
 

 

 
Abstract—The problem of finding control laws for underactuated 

systems has attracted growing attention since these systems are 
characterized by the fact that they have fewer actuators than the 
degrees of freedom to be controlled. The acrobot, which is a planar 
two-link robotic arm in the vertical plane with an actuator at the elbow 
but no actuator at the shoulder, is a representative in underactuated 
systems. In this paper, the dynamic model of the acrobot is 
implemented using Mathworks’ Simscape. And the sliding mode 
control is constructed using MATLAB and Simulink. 
 

Keywords—Acrobot, MATLAB and Simulink, sliding mode 
control, underactuated systems.  

I. INTRODUCTION 

NDERACTUATED mechanical systems have fewer 
control inputs than degrees of freedom (D.O.F) and arise 

in applications, such as space and undersea robots, mobile 
robots, walking, brachiating, and gymnastic robots. Since there 
are tight couplings between actuated and unactuated D.O.Fs in 
such systems, the control input cannot accelerate the state of the 
system in arbitrary directions. Consequently, underactuated 
mechanical systems cannot be commanded to follow arbitrary 
trajectories [1]. A mechanical system may be underactuated in 
several ways. The most obvious way is from intentional design 
as in the brachiation robot of Fukuda, the passive walker of 
McGeer, the acrobot, or the Pendubot [2]. The control of 
underactuated systems is an open and interesting problem in 
controls. Recently many control researchers have concerned 
such control problems for underactuated mechanical systems 
and several methods have been developed [3]-[5]. 

The acrobot, which is a representative in underactuated 
systems, is a planar two-link robotic arm in the vertical plane 
with an actuator at the elbow, but no actuator at the shoulder. In 
contrast, the pendubot has an actuator at the shoulder but not at 
the elbow [1], [2].  

In this paper, the dynamic model of the acrobot is 
implemented using Mathworks’ SimscapeTM. And the sliding 
mode control is constructed using MATLAB and Simulink. 

II. DYNAMIC MODEL AND CONTROL 

Consider the Lagrangian dynamics of an nth mechanical 
system. 
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where nRq is the vector of generalized coordinates, mR  

is the input generalized force (m<n), and mnRqB )( has full 

rank for all q. 
 

 

Fig. 1 Two-link robot 
 

Now consider a two-link robot shown in Fig. 1. 1q  is the 

shoulder joint angle and 2q is the elbow joint angle. The 

dynamic equation of the two link robot is as: 
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where m1 and m2 are masses of link 1 and link 2, respectively. 
And xxc cos , xxs sin , and ).(sin yxyxs    If 

01   this system represents the acrobot, while if 02   the 

system represents the pendubot [2]. 
In this paper, we used Mathworks’ SimscapeTM to model the 

acrobot dynamics described in (2). Simscape is a tool for 
modeling and simulating multidomain physical systems, such 
as those with mechanical, hydraulic, pneumatic, electrical, and 
electromagnetic components. Unlike other Simulink blocks, 
which represent mathematical operations or operate on signals, 
Simscape blocks represent physical components or 
relationships directly [6]. 

Conventional Simulink model and Simscape model of the 
acrobot are shown in Figs. 2 and 3, respectively. And the 
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acrobot parameters that we have chosen are summarized in 
Table I. 

 

 

Fig. 2 Acrobot model using Simulink 
 

 

Fig. 3 Acrobot model using SimscapeTM 
 

Similarly, we could easily build a pendubot model with 
parameters in Table I using Simscape as shown in Fig. 4. 

 

TABLE I 
ACROBOT MODEL PARAMETERS 

Symbol Description Value 

m1 mass of link 1 1.0 kg 

m2 mass of link 2 1.0 kg 

l1 length of link 1 1.0 m 

l2 length of link 2 1.0 m 

lc1 center of mass of link 1 0.5 m 

lc2 center of mass of link 2 0.5 m 

I1 moment of inertia of link 1 0.083 kg·m2 

I2 moment of inertia of link 2 0.083 kg·m2 

 

 

Fig. 4 Pendubot model using SimscapeTM 
 

We chose an integral sliding function as: 
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where idii qqe   for i=1, 2 and idq  is the desired angular 

position for link i. Γ and Λ are positive definite diagonal 
matrices. Simulink model for the integral sliding function is 
shown in Fig. 5. 
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Fig. 5 Simulink model for a sliding function 
 
Based on well-known parametric characteristics of the 

acrobot, we designed a sliding mode control as: 
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where 1K  and 2K  are positive constant gains and ε is a small 

constant. 1 and 2 are the boundary values for nonlinearities/ 

uncertainties of link 1 and link 2, respectively. Figs. 6 & 7 show 
Simulink model for boundary of nonlinearities/uncertainties for 
the acrobot. Simulink model for the sliding mode control is 
shown in Fig. 8. 
 

 

Fig. 6 Simulink model for boundary of nonlinearites 
 

 

Fig. 7 Simulink detail model for 1  

 

 

Fig. 8 Simulink model for sliding mode control 
 

Simulink model for the whole system is shown in Fig. 9. 
 

 

Fig. 9 Simulink model for the whole system 

III. SIMULATION 

For computer simulations, the acrobot parameters that we 
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have chosen are summarized in Table I. The illustrative 
example of the balancing task for the acrobot is as follows. The 
initial position is chosen as )4/,4/(),( 21 qq  and the 

initial velocity and desired position of the robot are chosen as 
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dd qq

qq 
                                 (8) 

 
The simulation result is presented in Fig. 9. 

IV. CONCLUSION 

In this paper, to model and control for the acrobot which is 
one of underactuated mechanical systems, we used Mathworks’ 
Simulink/Simscape. And the controller using the sliding mode 
was constructed using Simulink. 

 

 

Fig. 9 Illustrative Example 
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