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Abstract—Servo drives are widely employed in a large 
range of industrial applications where the load inertia and 
torque are varying. This paper proposes a control approach 
utilizing the load parameters adaptive observers to provide a 
stable servo drive operation under mechanical parameters 
variation. In contrast to other solutions, the observers are 
processing real speed and acceleration values instead of their 
command. It was shown that the observers are capable of 
estimating the load torque and total inertia of the drive system 
under different types of commands. The simulation of the 
proposed control approach demonstrated that the proportional 
gain of the speed controller tunes automatically according to 
the estimated inertia ensuring the required quality of the 
transient regardless variation of the mechanical subsystem 
parameters.  

Keywords—adaptive observer, servomotors, torque 
measurement. 

I. INTRODUCTION  
Servo motors are usually used in industrial applications 

required high-precision control of speed and shaft position. 
These systems often operate under fluctuating load 
conditions where the load inertia and torque are varying (for 
example, a robot arm manipulating the objects having 
different masses). Such fluctuations can significantly impact 
overall system performance and reduce the accuracy of speed 
control and shaft positioning. In order to minimize the 
influence of changing factors on the system operation, the 
dynamic load parameters have to be determined and included 
in the control algorithm processing. 

A significant number of studies were conducted focusing 
on the identification of load inertia and torque for the 
purpose of drives control tuning. Zhao et al. [1] proposed a 
feed-forward control strategy, which requires the estimated 
total inertia, load torque and friction coefficient to be 
implemented into the process of adaptation of the drive 
control. Although this approach shows improvement in the 
drive performance, it results in an unacceptably large number 
of coefficients that have to be adjusted by many trials and 
errors iterations. Another research [2] suggests an original 
control approach integrating the inertia and torque observers, 
but the corresponding adaptation method remained 
unstudied. A simple and well-described method of 
mechanical parameters’ identification was proposed by 
Kwon et al. [3]. However, the paper does not detail how this 

control technique can provide the required accuracy results 
of the parameters’ identification if the load characteristics are 
varying during the drive operation. Different control 
approaches comprising the load parameters’ identification 
are reported in other studies. For example, [4], [5] proposed 
control systems based on recursive least-square (RLS) 
observer, whereas a neural network was suggested in [6], and 
a variable structure control was introduced in [7]. 

Some of these studies have two major drawbacks. Firstly, 
there are disturbances in the system that are caused by the 
operation of an encoder. This noise influences the accuracy 
of parameters estimation; hence, it should be considered 
while modeling the system. Secondly, these methods are 
based on a model that uses acceleration command instead of 
actual motor acceleration for inertia estimation. Although 
this approach allows preventing inaccuracy during inertia 
estimation, it results in a long estimation time and makes the 
observer operation inefficient under particular types of 
commands. Also, some mathematical equations in these 
studies are unclear and, therefore, difficult to analyze. 

This study provides an investigation of a simple adaptive 
controller utilizing the load parameters estimated by the 
observers. Each observer is processing the actual values of 
speed and acceleration instead of their commands. This 
method reduces estimation time but requires filtering of the 
data. The model of the proposed controller was tested under 
different rates of load variation and various types of position 
(or speed) command profiles.  

II. OBSERVER DESIGN AND MODELING 

A. Electromechanical Subsystem 
Servo drives can utilize different types of motors, e.g. 

synchronous or induction drives. Under field-oriented 
control, any motor can be replaced with a first-order lag, 
which produces a command torque. To simplify the proposed 
approach analysis, a DC motor control system has been 
selected for the modeling. 

The block diagram of the DC motor control system is 
shown in Fig. 1. Since the mechanical time constant is much 
larger than the electrical one, the system under consideration 
can be represented as: 

,m LT T J− = ε   (1) 
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Fig. 1. DC motor and its nested loop control system.

where Tm is the motor torque, TL is the load torque, J is the 
total system inertia and ε is the motor acceleration. 

Fig. 1 shows a DC motor and its nested loop control 
system, where e is back-EMF, kΦ is a back-EMF constant 
which in case of DC motor is equal to kt–torque constant, CC 
is current controller, and SC is speed controller.  

B. Inertia Estimation 
Typical control system often lacks the actual values of 

load torque and total inertia. In addition to that, these 
parameters can be changed during the motor operation. Most 
of the time, the only information available is the rated 
parameters such as the motor inertia. Then (1) can be 
rewritten as:  

 m e Le e L errT J T J T T= ε + = ε + + , (2) 

where Je is an estimated inertia, TLe is an estimated load 
torque Terr is a torque error caused by inertia mismatch. From 
(2), it is evident that Je can be calculated if TL and Terr are 
measured. 

For ease of reading, this paper does not provide the 
derivation of the adaptation law for inertia identification. It is 
given as: 

 0 ,err j
e

T k
J J

s
ε

= +  (3) 

 ,err Lerr LactT T T= −  (4) 

where kj is an adaptation rate, J0 is the initial value of inertia, 
TLact is the actual load torque, TLerr is the load torque that 
includes an error in inertia estimation and s is a derivative. 
Fig. 2 shows the block diagram of the proposed observer. 

From (3) and (4) it can be concluded that inertia 
identification depends on both acceleration and torque error. 

 
Fig. 2. Inertia observer block diagram. 

C. Torque Error Observer 
According to the nested control method, the motor torque 
reference is formed by the speed loop. In order to obtain a 
torque that contains the inertia identification error, the same 
speed controller can be used. It has the actual rotor speed as a 
reference signal and estimated speed as a feedback signal. 
The controller output is the required load torque TLerr that 
consists of both the actual load torque and the inertia 
estimation error. This signal provides the information to the 
inertia observer that indicates whether inertia must be 
increased or decreased. The model of this observer is shown 
in Fig. 3, where ω is the actual motor speed, ωest is the 
estimated speed, SC is the same speed controller which is 
used in the drive control system, and Tm is the motor torque. 
The TLerr is used to identify the inertia. When the inertia is 
identified correctly, TLerr becomes equal to the actual load 
torque TLact. 

D. Load Torque Identification 
Inertia observer requires the motor acceleration and the 

actual load torque. Equation (1) shows that the motor torque 
Tm is equal to the load torque TL over the time periods when 
the motor is operating at a constant speed. That means that 
the load torque can be equalized to motor torque during these 
time periods. The motor torque can have various noises 
which can increase dramatically just before the motor begins 
to accelerate. This can lead to a wrong load torque 
identification. In order to avoid this problem, a low-pass 
filter with a high time constant can be used. In this case, 
peaks in the motor torque will not affect the load torque and 
it will be identified correctly. 

 
Fig. 3. Load torque and speed observer scheme (SC is a speed controller). 



 
Fig. 4. System with observers and adaptation mechanism (IO–inertia observer,  SC–speed controller, CC–current controller, EN–encoder noise)

E. Speed Controller Tuning  
In general, the proportional gains of the speed controller 

are in direct proportion to the inertia of the system. The feed-
forward control scheme proposed in [1] has many 
coefficients which could be difficult to calculate. Thus, the 
proposed system is more robust. The system proportional 
gain for a DC motor control can be calculated as follows: 

 ,
4

est
p

c

J
K

k T
=

Φ
 (5) 

where Tc is the converter time constant.  

The speed controller proportional gain is tuned according 
to the calculated inertia. It may be limited by some value of 
KPmax as the higher gain makes the system unstable. 

III. MODELING RESULTS 
The parameters of the DC motor system used in the 

simulation are shown in Table I. Simulation was performed 
in MATLAB/Simulink.  

In order to test the implemented models, the system 
under different rates of loads and commands was examined, 
and all possible advantages and drawbacks were outlined. 
For the test purpose, the system with adaptation algorithm 
was build as shown in Fig. 4, where IO is inertia observer, 

TABLE I.  MAIN PARAMETERS OF DC MOTOR SYSTEM 

Parameter Value 

Rated voltage  110 V 

Rated current 10 A 

Rated speed 110 rad/s 

Rated back-EMF constant 1V*s/rad 

Rated inertia 0.02 kg*m2 

Armature resistance 1 Ohm 

Armature inductance 0.05 H 

Converter time constant 0.001 s 

 

EN is encoder noise represented as white noise with the 
sampling ratio of about 1-2 PWM cycles and variation in the 
range ±1.5 rad/s with 95% probability, TLaO is the actual 
load torque observer, TLeO is the observer of load torque that 
consists of both the actual load torque and the inertia 
estimation error. 

Following the fact that all mechanical parameters of the 
load may be varying at the same time, the case of changing 
load torque and inertia was modeled. Fig. 5 shows the speed 
command, the estimated speed and the actual speed of the 
motor; the estimation of two types of the load torque (as 
discussed in sections C and D), the estimated total inertia of 
the system when the real inertia is constant at the initial 
moment of time and then grows constantly. 

 In order to test the quality of estimation of all load 
parameters under the condition when only one value is 
varying, the system affected by the load torque fluctuation 
was examined. Fig. 6 shows the results of the estimation of 
all kinds of the load torque, the system inertia and the speed. 

It can be seen that in both cases all observers estimated 
all required parameters and provided information which is in 
agreement with the actual values of all load characteristics. 
Hence, the first significant advantage of the implemented 
system is independence from a waveform of position (speed) 
command. Also, the system tracks any parameter varying 
over the operation time and, in any considered cases, all 
parameters were estimated. Another benefit of the proposed 
model is the simplicity of implementation of the adaptation 
method. 

However, it should be noted that the introduced system 
has some disadvantages related to the adaptation ratio of the 
inertia observer. This coefficient requires a highly accurate 
tuning; otherwise, it can result in the system being unstable 
and results being obtained incorrectly. In addition to that, 
the estimated load torque should be filtered in order to 
prevent inaccurate inertia identification. 

In order to analyze the quality of speed tracking, two 
cases were modeled. The first, the proportional gain of the 
speed controller adjusted to the system`s inertia and the 
second, it did not change when the total system`s inertia was 



 
Fig. 5. Parameters’ references and their estimation under the varying condition of all mechanical parameters; load torque LPF constant is 1 s 

 

varying. Fig.7 shows the result of the estimation of the total 
inertia and the speed error in both cases. It can be seen that 
when the speed controller tunes according to the new 
system`s parameters, the error decreases. 

IV. CONCLUSION 
To minimize the impact of the changing load parameters 

on the stability of a servo drive operation, the identification 
and adaptation methods were proposed and discussed. The 
suggested observers are capable of estimating the load inertia 
and torque. The adaptation algorithms consist of a simple 
self-adjustment of the speed controller proportional gain 

according to the calculated inertia. The system can operate 
under different load rates and waveforms of the speed 
command. The proposed system modeling demonstrated that 
it operates effectively and stable even under the noise 
condition occurred in the controller. Speed-tracking error 
decreases when the speed controller tunes according to the 
estimated inertia. 

Future work will be devoted to the experimental 
verification of the proposed method using a servomotor and 
modification of the observer for the operation with a two-
mass system. 

 
Fig. 6. Estimated load torque at constant inertia; estimated load torque LPF constant is 1 s, estimated load torque with error LPF constant is 0.2s 



 
Fig. 7. Speed command, system`s inertia and speed error in two case
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