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Abstract-Selective Compliance Articulated Robotic Arm placed a vital role in research especially in the field of control tracking 

techniques. The main objective of the SCARA is to stabilize the positioned tracking and it is applicable to the system where it 

reduces Signal to Noise Ratio, perturbations and disturbances. Previous literature, authors proposed various controllers to stabilize 

the positioned tracking by neglecting restraints like gravitational effects and without knowing the mass at the tip including 

coulomb friction term in the motor dynamics. In the present paper, proposed the Generalized Proportional Integral (GPI) 

controller to determine the tracking position of the system by considering restraints.  
Keywords:SCARA,ZN-PID,GPI controller. 
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I. INTRODUCTION 

Selective Compliance Articulated Robotic Arm 

(SCARA) is widely used for pick and place operations. 

This manipulators mainly applied in space robot, 

microsurgery, collision control, contouring control and 

pattern recognition. Surveys of the literature dealing with 

applications and challenging problems related to flexible 

manipulators may be found in [1], [2] and [3]. 

           Till now so many authors proposed several 

controllers like linear control [4], optimal control [5], 

Adaptive control [6], sliding-mode control [7], or fuzzy 

logic [8] techniques. To obtain an accurate trajectory 

tracking these methods require several sensors, for all of 

these we need to know the system parameters to design a 

proper controller. Here we propose a new method, an 

online identification technique with a control scheme is 

used to cancel the vibrations of the flexible beam, motor 

angle obtained from an encoder and the coupling torque 

obtained from a pair of strain gauges are measured as 

done in the work in [11]. Coulomb friction torque requires 

a compensation term as they are the non-linearity effects 

of the motor proposed in [12]. To minimize this effect 

robust control schemes are used [13]. However, this 

problem persists now a days. Cicero at al. [14] used 

neural network to compensate this friction effect. 

            In this paper, proposed an output-feedback control 

scheme with generalized proportional integral (GPI) is 

found to be robust with respect to the effects of the 

unknown friction torque. Hence, compensation is not 

required for these friction models. Output-feedback 

controller is the control scheme here; velocity 

measurements, errors and noise are produced which are 

not required. Some specifications of the bar are enough 

for the GPI control. Unknown parameters should not 

affect the payload changes. Hence this allows us to 

estimate these parameter uncertainties, is necessary. 

           The objective of this paper is unknown parameter 

of a flexible bar of fast online closed-loop identification 

with GPI. 

This paper is organized as follows: section II describes the 

dynamic model of SCARA, section III is devoted to 

explain the conventional controller and section IV 

describes the design of GPI controller. 

 

II. DYNAMIC MODEL OF SCARA 

The dynamics of the complete system, actuated by a DC 

motor are formulated by given simplified model: 

                            (1)

               (2) 

                              (3) 

 
Fig 1. Two-link SCARA Robot 

Where m and L are the mass in the tip position and the 

length of the flexible arm, respectively, assumed to be 

unknown, and c is the stiffness of the bar, which we 

assume to be perfectly known, ĉ is the unknown coulomb 

friction torque, Γ stands for the coupling torque measured 

in the hub, k is the known electromechanical constant of 

the motor, u is the motor input voltage, m
̂

And m
̂

are the 

angular acceleration of the motor and the angular velocity 

of the motor, respectively. n is the reduction ratio of the 

motor gear. 

Equation (1) represents the dynamics of the flexible beam; 
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Equation (2) expresses the dynamics of the dc motor; and 

Equation (3) stands for the coupling torque measured in the 

hub. 

 
Fig 2. Structure of the SCARA 

 

III. CONVENTIONAL CONTROLLERS 

Conventional controllers are the controllers which are 

attempts to minimize the error by adjusting the process 

through use of a manipulated variable. Conventional 

controllers like ZN-PID, trail and error and IMC are widely 

used in process control applications, but they exhibit the 

poor performance when applied to systems, which are 

nonlinear, as controller tuning is difficult due to 

insufficient knowledge of the parameters of the system. In 

conventional controllers robustness is less and gives less 

sturdiness response. It cannot give corrective action in 

advance, it can only initiate the control action only after 

error has developed. To overcome this drawbacks, GPI is 

proposed in next section. 

 

IV. GPI CONTROLLER 

 GPI controller is a two stage controller. Robustness is 

more in GPI compared to other conventional controllers. 

GPI achieves a good accuracy in tip trajectory tracking of 

rapid manoeuvres. It is extremely robust to large changes 

of the tip payload, in the sense of not only keeping the 

closed loop system stable but also maintaining the tip 

tracking performance nearly unaltered. It is a very simple 

linear controller that can be tuned in a very straightforward 

manner. GPI controller used as adaptive controller as it at 

any instant the value of the output doesn’t change. It will 

adapt the given input to track the output.   

 

A. Mathematical Modelling 

The flexible-bar transfer function in Laplace notation from 

(1) can be rewritten as 
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2
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Where ω = (c/(mL
2
))

1/2
 is the unknown natural frequency as 

done in [11]. In the case, the voltage applied to the motor is 

of the form 
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Fig 3.Compensation of the coupling torque measured in the hub 

Where cu is the voltage applied before the compensation 

term.  The system in (2) is then given by 

cmmc vJku  ˆˆˆ 


                                       
(6) 

  The controller to be designed will be robust with respect 

to the unknown piecewise constant torque disturbances 

affecting the motor dynamics. Then the perturbation-free 

system to be considered is the following: 

mmc vjku   
                                              (7)

 

Where nkK /  .To specifies the developments, let 

JKA / and JvB /  . 

The transfer function of a DC motor is written as 
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To synthesis the feedback-control law, we will use only the 

measured coupling motor position m  and coupling 

torque .  

 
Fig 4.Flexible-link dc-motor system controlled by a two-

stage GPI- controller design 

 

B. Outer loop controller 

Consider the model of the flexible link, given in (1). The 

parameterization of  tm in terms of  tm is given, in 

reduction gear terms, by: 

ttm
c

mL
  

2

                                           (9)

 

     tt
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                                          (10)

 

Subtracting (2) from (1), we obtain an expression in terms 

of the angular tracking errors: 

 tmt ee
mL

c
e  

2


                                             (11)
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Where    tete tttmmm

** ,   . The outer 

loop feedback incremental controller could be proposed to 

be the following PID controller, 
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We proceed by integrating the expression (11) once, to 

obtain: 

           dee
mL

c
ete

t

tmtt  
0

2
0         (13) 

Disregarding the constant error due to the tracking error 

velocity initial conditions, the estimated error velocity can 

be computed in the following form: 

       dee
mL

c
e

t

tmt  
0

2
                                   (14) 

    The integral re-constructor neglects the possibly nonzero 

initial condition  0te  and, hence, it exhibits a constant 

estimation error. The design gains  2,10 , kkk  need to be 

changed due to the use of the integral re-constructor. 

Substituting the integral re-constructor 
te



 (6) by into the 

PID controller (8) and after some rearrangements we 

obtain: 

   ttmm
s
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 The tip angular position cannot be measured, but it 

certainly can be computed from the expression relating the 

tip position with the motor position and the coupling 

torque. The implementation may then be based on the use 

of the coupling torque measurement. Denote the coupling 

torque by  it is known to be given by: 

  couptm nmLc


 2                           (16) 

Thus, the angular position is readily expressed as, 


c

mt

1
                                              (17) 

To specify the parameters,  210 ,,  we can choose   to 

locate the closed loop poles in the left half of the complex 

plane. All three poles can be located in the same point of 

the real line, s = −a, using the following polynomial 

equation,               

033 3223  asaass                                       (18) 

Where the parameter a represents the desired location of 

the poles. The characteristic equation of the closed loop 

system is, 
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C. Inner loop controller 

  The angular position m , generated as an auxiliary control 

input. We denote this reference trajectory by mr
* . 

 

 The following feedback controller is proposed: 
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 The following integral re-constructor for the angular 

velocity error signal 
m

ê  is obtained: 
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 Replacing 
m

ê  in (21) into (20) and, after some 

rearrangements, the feedback control law is obtained 
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     The open-loop control )(* tu c  that ideally achieves the         

open-loop tracking of the inner loop is given by 

.             )()(
1
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    The inner loop system is exponentially stable. We can 

choose to place all the closed-loop   poles in   desired 

location of the left half of the  complex plane to design the 

parameters   

  As done with the outer loop, all poles can be located at the 

.same real value, 123 ,,   and 0 can be uniquely 

obtained by equalizing the terms of the two following 

polynomials: 
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Where the parameter p  represents the common location of 

all the closed-loop poles, this being strictly positive. 

 

D. Identification 

     As explained in the previous section, the control 

performance depends on the knowledge of the parameter 

ω. In order to do this task, in this section, we analyse the 

identification issue, as well as the reasons of choosing the 

algebraic derivative method as estimator. Identification of 

continuous-time system parameters has been studied from 

different points of view. The surveys led by Young in [17] 

and Unbehauen and Rao in [18] and [19], respectively, 

describe most of the available techniques. 

a. Algebraic estimation of the natural frequency. 

In order to make more understandable the equation 

deduction, we suppose that signals are noise free. The main 

goal is to obtain an estimation of 
2  as fast as possible, 

which we will denote by oe .The constant parameter 
2  

of the noise free system described by (1)–(3) can be exactly 

computed, in a non-asymptotic fashion, at some arbitrarily 

small time t = Δ >0, by means of the expression. 
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Where )(tne and )(tde  are the output of the time-varying 

linear unstable filter 

1

2 )()( ztttn te  
      3)( ztde   

)(421 ttzz t
            43 zz   

            )(22 tz t
      

))()((2

4 tttz tm  
              

(27) 

 

Consider equation (1) 
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After some rearrangements, we obtain 
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Let L denote the usual operational calculus transform 

acting on exponentially bounded signals with bounded left 

support (see [20]). Recall that  
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)/1(1 .))(()(   taking this into account, we can 

translate (29) into the time domain 
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The time realization of (30) can be written via time-variant 

linear (unstable) filters 
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The natural frequency estimator of 
2  is given 

by
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Note that we only need to measure θm and Γ, since θt is 

available according to (17). Unfortunately, the available 

signals θm and Γ are noisy. Thus, the estimation precision 

yielded by the estimator in (26) and (27) will depend on the 

signal-to-noise ratio SNR). 

b. Unstructured noise 

We assume that θm and Γ are perturbed by an added noise 

with unknown statistical properties. In order to enhance the 

SNR, we simultaneously filter the numerator and 

denominator by the same low-pass filter. Taking advantage 

of the estimator rational form in (30), the quotient will not 

be affected by the filters. This invariance is emphasized 

with the use of the different notations in frequency and 

time domain such as 
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Finally, the parameter 
2  is obtained by 
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V. SIMULATION RESULTS: 

Fig 5. shows the step response of ZN-PID. Fig 6. shows 

that the output track the input transactions using GPI with 

less settling time 3sec.Fig 7. shows the exact trajectory 

tracking of GPI at different poles with different operating 

points. 

 
 

Fig 5.For A=8.94, B=0.69, ω=17.2(rad/sec) 

 

 
      Tuned         Block 

Rise time (sec)       1.08        0.411 

Settling time (sec)       3.52        0.504 

Overshoot (%)       9.07        1.65 

Peak       1.09        1.02 

Table 1.Performance of the ZN-PID 

 

 
 

Fig 6. Exact trajectory tracking of GPI for A=8.94, B=0.69, 

ω=17.2(rad/sec) 
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Fig 7.Output of the GPI with different operating points at 

different poles 

 

VI. CONCLUSION 

A two-stage GPI controller design scheme is proposed in 

connection with a fast online closed-loop continuous-time 

estimator of the natural frequency of a flexible robot. This 

methodology only requires the measurement of the angular 

position of the motor and the coupling torque. Thus, the 

computation of angular velocities and bounded derivatives, 

which always introduces noise in the system and makes 

necessary the use of suitable low-pass filters, is not 

required. The method proposed establishes the basis of this 

original adaptive control to be applied in more complex 

problems of flexible robotics. 
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