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Abstract 

Load torque disturbance and the variations of parameters are contained in speed 

discrete time control system for permanent magnet synchronous motor (PMSM). In order 

to improve the robustness of PMSM control system, an adaptive control scheme based on 

normalized least mean square (NLMS) algorithm for parameters estimation is proposed 

in this paper. The sufficient condition satisfied with model adaptive compensation is 

deducted in detail. Additionally, get the compensation functions by the value of estimating 

parameter and the control scheme can drive the system controlled output to track the 

command like the nominal plant. Finally, the stability and rapidity of this control scheme 

are fully verified by the experiment of PMSM speed control system. 
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1. Introduction 

In many industrial drives, advanced digital control strategies for the control of field-

oriented PMSM drives with a conventional speed controller, proportional-integral (PI) 

controller, have gained the widest acceptance in high-performance ac servo systems [l]. 

Due to the existence of load torque disturbance and variable parameters for PMSM 

control system, many papers have been published on the on-line and off-line motor 

parameters estimation algorithms [2-5]. Adaptive control based on parameters estimation 

can overcome well load torque disturbance and variable parameters [6-8]. Load torque is 

looked as state variables and estimated by the reduction observer of the augmented 

normal system, then the estimated load torque feed-forward compensates PI controller for 

PMSM speed system [9]. The disturbance rejection can also be achieved based on a multi-

objective observer in which observation error is purposely retained and utilized in load 

torque disturbance compensation [10]. However, in both methods other variable 

parameters are regarded as a constant. So in [11] the neural network identification 

estimates variable parameters and another neural network estimates load torque. In [12] 

the model-following error is used to adaptively update the gains of the PI controller and a 

disturbance observer based on the time delay control approach is used for torque feed 

forward control.  

PMSM speed discrete time control system is a linear system and may be described by 

the controlled autoregressive moving average model (CARAM). The system parameters 

and load torque can be estimated from available input-output data. This paper presents an 

adaptive control scheme based on NLMS algorithm that estimates the parameters and load 

torque of PMSM at the same time. Get the compensation functions by the value of 

estimating parameters and the control scheme can drive the system controlled output to 

track the command like the nominal plant. And the sufficient condition satisfied with 

model adaptive compensation is also deducted and result of the experimental shows that 
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this control scheme can enhance the robustness of the controller and make system rapidly 

track the command speed signal. 

 

2. PMSM Online Parameters Estimation 

The discrete time SISO control linear system, only considering the perturbations of the 

state variable data, the controlled object parameters estimation will be simple. The 

implication is illustrated by the solution of a CARAM equation  
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Where ( ) nx k R is the state variable matrix and ( )y k R  is the output vector. ( )k  is 

white noises known means and variance. nR   is the controlled object parameters 

vector, k is time sequence and d is system delay time. The error of parameters estimation  

T ˆˆ( ) ( ) ( ) ( )e k y k x k d k                                                    (2) 

Thus, the parameters vector estimation problem can be obtained by solving the 

optimization problem 

2
Tˆ ˆ ˆmin ( 1) ( ) , ( ) ( ) ( 1) 0k k y k x k k                                         (3) 

Considering Multi constrained Lagrange operator method, the following information 

criterion defines as 

12
T

0

ˆ ˆ ˆ( ) ( 1) ( ) [ ( ) ( ) ( 1)]
P

i

i

J k k k y k i x k i d k   




                          (4) 

Where   is the Lagrange multiplier. The ˆ( 1)k   derivative of the function (4) is 
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According to [13], an iterative NLMS algorithm for parameters estimation is  

T 1ˆ ˆ( 1) ( ) ( )[ ( ) ( )] ( )k k x k x k x k e k                                               (6) 

Where  is a regularization factor that keep sufficient condition for convergence and 

the range is 0 1  . 

In rotating coordinate based field-oriented axes, the model of PMSM can be expressed 

as follows 
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Where d
u and qu  are the d-q axis stator voltages, d

i and q
i are the d-q axis stator 

currents, L and sR  are the d-q axis stator inductances and the stator resistance,  , eT , 

nP and p are the mechanical angular velocity, the motor torque respectively, motor pole 

pairs and the differential operator respectively. f , J , B  and LT are the flux linkage of 

the rotor magnets, the inertia momentum, the damping factor and the load torque 
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respectively and they are the estimated parameters of PMSM speed loop in this paper. The 

discrete equation (7) for PMSM speed loop can be expressed as  

 

q L( ) ( 1) ( ) ( 1)k k i k T k        
                                          (8) 

Where
( / )

n f n f, (1 ) / , /sBT Je P B P          , sT is discrete sampling period. The 

load torque is time variant and is difficult to measure directly. It is better that ,  ,  and 

LT can finish online real-time estimating at the same time. So the online parameters 

estimation structure of the PMSM speed loop is shown on Figure 1.  
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Figure 1. Structure of Online Parameters Estimation 

In the PMSM speed control system, get the speed ( )k  by differential calculation 

using the photoelectric position sensor, and then ( )qi k  by the current sensor. The state 

variable matrix and the output vector of parameters estimation algorithm both have the 

perturbations.  Hypothesize 
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In conclusion, 
n mf

ˆˆ / P    is defined as the state variable and LT̂  as the estimated 

parameters. Substituting (9) into (6), we can get the estimation of PMSM parameters. 

 

3. PMSM Speed Adaptive Control 

The proposed control scheme consists of a conventional PI controller, the 

compensation function G1,2 and online parameters estimation algorithm. Get the 

compensation functions by the estimating value of the PMSM parameters. They are used 

to compensate the PI controller designed on the basis of the nominal plant.  

Theorem: For the adaptive control for the PMSM speed loop as shown in Figure 2, 

provided that satisfying the following condition 

n mf
ˆˆ / P   ,

1 m 2 m
ˆ ˆˆ/ , ( ) /G G a                                                (10) 
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Figure 2. Structure of Adaptive Control 

Then the PMSM speed control system can drive the system controlled output to track 

the command like the nominal plant 

m m q( ) ( 1) ( )k k i k    
                                               (11) 

Proof: By calculation of the online parameters estimation algorithm, the estimated 

parameters must be satisfied with 

q L
ˆ ˆˆ ˆ( ) ( 1) ( ) ( 1)k k i k T k                                             (12) 

From Figure 2, the q axis stator current is expressed as  

q q 1 2 L n mf
ˆ( ) ( ) ( 1) ( 1) /i k i k G k G T k P 

                                     (13) 

Substituting (13) into (12), the q-axis current is  

2 1 q L n mf L
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According to (10), noting that 

* *
2 1 q m m q
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This completes the proof of Theorem. 

Then, with the help of on-line adaptive compensation, the closed loop system is 

equivalent to nominal model without load torque disturbance and parameters variable, 

provided that the compensation functions and the parameters estimation algorithm 

satisfying equation (10) and (12). The estimated value of the parameters need not 

converge to the real value of the system parameters.  

The specific steps of the proposed adaptive control can be described as follows 

1)Initialize the value of ˆˆ ˆ, ,    to the nominal value 
m m m

ˆˆ ˆ, ,   and the initial value of 

LT̂ to zero 

2)Design PI controller for the nominal plant 

3)Processing in sampling internal, calculate q
ˆˆ ˆ( ), ( ), ( ), ( )q q qi k k k k  

from (6)→

calculate 1 2G G、  from (10)→calculate q( )i k  from (13) 

4)Repeat the calculation of 3) 

 

4. Experiment Results and Its Analysis 

PMSM with rated values are shown in Table 1. The maximum output current of q axis 

stator is defined as 2.5A. In the proposed control scheme, μ is selected as 0.8 and the 

nominal value of α and β are selected as 0.9998 and 1.3662 respectively. 
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Table 1. PMSM Rated Parameters 

Rated power(W) 200 Rated speed(rpm) 3000   

Stator resistance(Ω) 12.4 Stator inductance(mH) 31.9 

Moment of inertia(kg.cm2) 0.167 The flux linkage of rotor 

magnets(wb) 

0.0825 

operating frequency of IPM(kHz) 5 position optical encode(ppr) 2500 

 

The overall experiment systems for PMSM speed control is shown in Figure 3. The 

systems created a time-varying load torque by adopting the magnetic powder brake in the 

experimental systems. It can help to demonstrate the effectiveness of the proposed 

control. The PI controller and the adaptive speed controller with field-oriented control are 

implemented using TMS320F28335. The system collects real-time experiment data of 

speed and parameters through TCP/IP communication, thereby verifying the merits of the 

proposed control scheme. 

 

Magnetic Powder Brake

PMSM
Driver 

Module

Control Module DataTransmission

 

Figure 3. PMSM Experiment Systems 

      

(a) No-load Torque                             (b) Rated Load Torque 

Figure 4. Curve of Tracking Speed with Two Control Methods 

Under a no-load disturbance, a speed command is 300rad/s. Figure 4(a) shows that the 

proposed controller can track more quickly the rated speed and the overshoot is smaller 

than PI controller. Due to the moment of inertia of PMSM servo experiment system being 

large as rated load torque, the response of PI controller becomes slow shown in Figure 

4(b). The speed signal is got by M/ T speed detection method in the experiment. The 

reference slow speed is 10πrad/s and the speed curve is original signal without a low-pass 

filter in Figure 5. Obviously, the steady state error of two control method is 3rad/s for the 

proposed controller and 10rad/s for PI controller. The slow speed performance for the 
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proposed controller is better than PI controller.  

Figure 6 shows the online estimated value of the parameters and the load torque. The 

error of equation (2) can be quick to approximately converge zero and it satisfies the 

sufficient condition of the proposed model adaptive compensation algorithm. The 

estimated value of the other parameters need not converge to the real value.  

In Figure 7, external force 0.2N.m is applied to the experiment system. Due to the load 

torque disturbance, the speed output of PI control can not track a given reference speed 

and there is a big error in terms of the load torque disturbance shown as Figure 7(a). The 

proposed controller can overcome quickly the reference speed and the error is smaller 

shown as Figure 7(b).  

 

   

(a) No-load Torque                                (b) Rated Load Torque 

Figure 5. Curve of Tracking Speed with Two Control Methods 

 

(a) No-load Torque                           (b) Rated Load Torque 

Figure 6. Curve of Online Estimated Parameters and Error 
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(a) PI                                               (b) Adaptive Control 

Figure 7. Curve of Tracking Speed with Two Control Methods 

5. Conclusion 

Carrying out simulation and experimental studies under different conditions of PMSM 

speed control system, the proposed adaptive control can overcome well the load torque 

disturbance and parameter variations of PMSM speed control system. Especially the good 

performance of the slow speed control is also verified. So the result of experimental 

studies indicates the proposed control scheme has superior performance for the speed 

tracking. And constituting structure with online computing is extremely simple and easy 

to implement in industrial drives and machine arm drive. 
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