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 This paper conducts research on sensor fault diagnosis for a three-phase 

induction motor drive (IMD) in steady-state operation. An improving 

diagnostic technique based on the integration algorithm of the sinusoidal 

current signal is proposed for detecting and locating faulty current sensors in 

the induction motor drive. The IMD integrated a proposed fault detection-

isolation (FDI) system is investigated for operating characteristics when 

sensor failures occur. The faulty sensor needs to be accurately identified and 

quickly isolated from the control system. Then the estimated signal will be 

used to replace the fault signal to retain the IMD stability. 

MATLAB/Simulink software will be applied to simulate the speed-torque 

characteristics of the IMD system as well as sensor failures occurring during 

operation. The performance of the proposed method will be evaluated 

through the accuracy and timeliness in each fault case corresponding to each 

sensor. 
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1. INTRODUCTION 

By the end of the 18th century, induction motors (IMs) had become the most popular electrical 

machine in the industry, with outstanding advantages over direct current (DC) motors such as ruggedness, 

low rotor inertia, small size, and low cost [1], [2]. However, speed controlling of IMs is still challenging due 

to the nonlinear control characteristic. By applying mathematical models such as expert-system, fuzzy logic, 

neural-network control, and genetic algorithm, the induction motor drive (IMD) could be used to control the 

speed for industrial applications with high efficiency. 

The vector control method, typically the field-oriented control (FOC) method, has emerged as a 

highly effective solution in the field of electric machine speed control [3]–[5]. The feedback signals of the 

sensors that provide the instantaneous operating state of the drive play a crucial role in the motor control 

system [6]. Therefore, if there is any damage to the sensor, which leads to an inaccurate reflection of the 

motor’s operating state, the reliability of the vector control method will be degraded and may cause damage 

to equipment or economic loss [7], [8]. Many control methods integrating the fault sensor diagnosis 

technique have been focused on research to increase the stability, reliability, and continuity of the IMDs in 

recent years [9], [10]. Stator current and the rotor speed signals are the two most crucial feedback signal 
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types that determine the performance of the FOC method. If a feedback failure occurs, the FOC control 

algorithm can make a mistake, leading to an incorrect switching signal supplied to the inverter. In various 

approaches, sensor fault diagnosis algorithms may be implemented for analyzing the two types of current and 

speed failures separately or with mutual influence. In research corresponding to the speed fault diagnosis 

techniques, most algorithms are based on the similarity analysis of the estimated signal and the feedback 

signal from the encoder. In [11]–[13], the deviation between the measured rotor speed and the estimated 

signals from filters such as Kalman, flux observer, and Luenberger observer when exceeds one predefined 

threshold are applied for speed sensor fault detection.  

Various methods of fault detection of current faults have been developed depending on the number 

of current sensors used in the drive system and the type of fault diagnosis technique. Fault diagnosis 

techniques in IMD using three current sensors are often built based on Kirchoff’s law of current [14]. Three 

current-state observers are designed based on the respective two-phase currents. The output difference 

between these observers is the main factor in identifying the fault current sensor [15], [16]. However, in IMD 

designed to use only two current sensors, Kirchoff’s law cannot be applied to the location of the faulty 

sensor. Current sensor fault diagnosis methods using only two sensors in IMD are classified into main 

groups: i) the algorithms are based on a comparison of the measured and the estimated signals to determine 

the faulty sensor [17], [18], ii) the algorithms are based on verifying the abnormal change of each measured 

signal to evaluate the quality of the feedback signals [7], [19], iii) the algorithms for verifying the stability of 

a complex combination function to detect the abnormal state of the measured signals [20], and iv) algorithms 

combining the above methods. 

This paper aims to propose a diagnosis method based on the combination of the feedback signal, its 

integration algorithm to determine the fault state of the feedback current signal, a typical comparison 

algorithm between the measured signal, and the estimated signal of the rotor speed is applied to determine the 

operating status of the speed encoder. If the feedback signal is incorrect due to sensor failure, the signal is 

immediately isolated and replaced with the appropriate estimated signals [21]–[28]. The diagnosis results are 

used to evaluate the performance of the proposed methods with various sensor faults in the 

MATLAB/Simulink environment. 

 

 

2. METHOD: SENSOR FAULT DIAGNOSIS TECHNIQUE 

The state variable equations of the three-phase induction motor and the proposed sensor fault 

diagnosis algorithm are presented in this section. 

 

2.1.  The state variable equations of the three-phase IM 

The nonlinear characteristic of a three-phase IM is described in the form of state variable equations 

in the stationary frame [α-β] as (1): 

 

𝑋̇ = 𝑀. 𝑋 + 𝐼. 𝑈 (1) 

 

Where: 

 

𝑋 = [𝑖𝑆𝛼𝑖𝑆𝛽𝜓𝑅𝛼𝜓𝑅𝛽]
𝑇; 𝑈 = [𝑢𝑆𝛼𝑢𝑆𝛽];𝑀 = [

−𝐴0𝐵𝐶𝜔𝑟

0 − 𝐴 − 𝐶𝜔𝑟𝐵
𝐸0 − 𝐹 − 𝜔𝑟

0𝐸𝜔𝑟 − 𝐹

] ; 𝐼 = [
𝐷000
0𝐷00

]
𝑇

 

 

𝐴 =
𝑅𝑠𝐿𝑟

2+𝑅𝑟𝐿𝑚
2

𝜎𝐿𝑠𝐿𝑟
2 ; 𝐵 =

𝑅𝑟𝐿𝑚

𝜎𝐿𝑠𝐿𝑟
2 ; 𝐶 =

𝐿𝑚

𝜎𝐿𝑠𝐿𝑟
; 𝐷 =

1

𝜎𝐿𝑠
; 𝐸 =

𝑅𝑟𝐿𝑚

𝐿𝑟
; 𝐹 =

𝑅𝑟

𝐿𝑟
; 𝜎 =

𝐿𝑠𝐿𝑟−𝐿𝑚
2

𝐿𝑠𝐿𝑟
  

 

Where: “ωr=pωm”: the value of the rotor speed 

“p”: number of pole pairs 

“ωm”: mechanical rotor speed 

In this research, the FOC loop corresponding to the block diagram in Figure 1 is used in precise 

speed-torque control for the IMD. Clark-Park’s formulas are applied to transform feedback currents to the 

components in stationary [α-β] and rotating [x-y] systems. The mathematical formulas describing the method 

of transformation and estimating signals for the control are shown: 

 

[
𝑖𝑆𝛼
𝑖𝑆𝛽

] = [
10
1

√3

2

√3

] [
𝑖𝑎
𝑖𝑏
] (2) 
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[
𝑖𝑆𝑥
𝑖𝑆𝑦

] = [
𝑐𝑜𝑠 𝛾 𝑠𝑖𝑛 𝛾
− 𝑠𝑖𝑛 𝛾 𝑐𝑜𝑠 𝛾

] [
𝑖𝑆𝛼
𝑖𝑆𝛽

] (3) 

 

Rotor flux angular “γ,” magnetic current “im” are determined by using the current model 

corresponding to (4)-(7). The [d-q] is the rotating coordinate system corresponding to the rotor axis. 
 

[
𝑖𝑆𝑑
𝑖𝑆𝑞

] = [
𝑐𝑜𝑠 𝜃 𝑠𝑖𝑛 𝜃
− 𝑠𝑖𝑛 𝜃 𝑐𝑜𝑠 𝜃

] [
𝑖𝑆𝛼
𝑖𝑆𝛽

] (4) 

 

With: 
 

 𝜃 = ∫𝜔𝑟𝑑𝑡 
 

Corresponding to rotor angular 
 

[
𝑖𝑚𝑑

𝑖𝑚𝑞
] = [

1

𝑇𝑅.𝑠+1
0

0
1

𝑇𝑅.𝑠+1

] [
𝑖𝑆𝑑
𝑖𝑆𝑞

] (5) 

 

[
𝑖𝑚𝛼

𝑖𝑚𝛽
] = [

𝑐𝑜𝑠 𝜃 − 𝑠𝑖𝑛 𝜃
𝑠𝑖𝑛 𝜃 𝑐𝑜𝑠 𝜃

] [
𝑖𝑚𝑑

𝑖𝑚𝑞
] (6) 

 

{

𝛾 = 𝑎𝑟𝑐𝑡𝑔(
𝑖𝑚𝛽

𝑖𝑚𝛼
)

𝑖𝑚 = √(𝑖𝑚𝛼
2 + 𝑖𝑚𝛽

2 )
 (7) 

 

 

 
 

Figure 1. FOC block diagram in IMD 
 

 

The differences between the reference and the feedback signal in the [x-y] coordinate system will be 

used to create the command voltage for the switching pulse modulation of the inverter. The inverter will 

supply the modulation voltage to the three-phase IM corresponding to speed-torque requirements. 

 

2.2.  The sensor fault diagnosis technique applied to three-phase IM 

A sensor fault diagnosis function, referred to as the fault detection-isolation (FDI) unit, is integrated 

into the typical FOC method to solve the sensor failures occurring during IMD operation, as shown in Figure 2. 
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Figure 2. FOC integrated the FDI block diagram in IMD 
 

 

The FDI unit will receive the feedback signals from sensors, perform a signal quality assessment to 

decide on the status of sensors, and provide the appropriate output signal to the FOC controller. The diagnosis 

method will prioritize checking the operating status and quality of the speed feedback signal, as in (8). 

 

𝐼𝑓(|𝜔𝑚 − 𝜔𝑟𝑒𝑓| < 𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑𝑤) {𝐹𝑠𝑡𝑎𝑠𝑝 = 1; } 𝐸𝑙𝑠𝑒{𝐹𝑠𝑡𝑎_𝑠𝑝 = 0; } (8) 

 

Where: 𝜔𝑟𝑒𝑓: the reference speed 

𝐹𝑠𝑡𝑎_𝑠𝑝: the indicator corresponding stable speed condition 

“Threshold_w” is the maximum difference between the measured and reference speed. 

Indicator “Fsta_sp” is delayed for a period of 3τ to ensure that the motor is operating at a steady state. 

 

𝐼𝑓(𝐹𝑠𝑡𝑎_𝑠𝑝 = 1){𝐷𝑒𝑙𝑎𝑦[3𝜏]: 𝐹𝑠𝑡𝑎_𝑠𝑝
∗ = 1; } (9) 

 

Where: 

 

𝜏 =
𝐿𝑆
𝑅𝑆

 

 

The current fault diagnosis method will be performed when “Fsta_sp” and “F*
sta_sp” are at high levels 

(value of 1). The current for each phase will have the form of a sinusoidal function as follows: 

 

sin( )i m e ii I t = +  (10) 

 

Where: 𝐼𝑚: amplitude of the phase current 

𝜙𝑖: phase angle of the phase current corresponding to 0,120, -120 

𝜔𝑒: electrical angular frequency 

Multiply (10) with the angular frequency and do the integration in the time domain, and we can receive the 

following function: 

 

𝜔𝑒 ∫ 𝑖𝑖 = −𝜔𝑒
𝐼𝑚

𝜔𝑒
𝑐𝑜𝑠(𝜔𝑒𝑡 + 𝜙𝑖) = −𝐼𝑚 𝑐𝑜𝑠(𝜔𝑒𝑡 + 𝜙𝑖) (11) 
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The square root of the sum of squares (10) and (11) gives a constant value in the steady-state 

operation conditions, as shown in (12): 

 

𝐼𝑚 = 𝐼𝑚√𝑠𝑖𝑛
2(𝜔𝑒𝑡 + 𝜙𝑖) + 𝑐𝑜𝑠2( 𝜔𝑒𝑡 + 𝜙𝑖) (12) 

 

By combining the phase current signal and its integral signal according to the trigonometric 

algorithm (11), we can determine the state of the current signal in steady-state conditions. 

We can use the appropriate method to generate an estimated current space vector from voltage 

signals, measured speed, and machine parameters [26]-[28]. The amplitude of the estimated current space 

vector can be used for the comparison algorithm to display the fault indicators of the current sensor, as in 

(13), (14): 

 

𝐼𝑛𝑑𝑒𝑥𝑐𝑢𝑟_𝑖 = |(𝑖𝑖
2 + (𝜔𝑒 ∫ 𝑖𝑖)

2) − 𝐼𝑚
𝑒𝑠𝑡| (13) 

 

𝐼𝑓(𝐹𝑠𝑡𝑎_𝑠𝑝 = 1)&&(𝐹𝑠𝑡𝑎_𝑠𝑝
∗ = 1)&&(𝐼𝑛𝑑𝑒𝑥𝑐𝑢𝑟_𝑖 > 𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑_𝐼){𝐹𝑖 = 1; } (14) 

 

Where: 𝐼𝑚
𝑒𝑠𝑡: the amplitude of the estimated current space vector 

𝐹𝑖: the fault indicator corresponding to a or b phase current 

“Threshold_I”: a maximum amplitude deviation of the phase current and estimated current in the 

normal condition 

Using the appropriate method, such as RFMRAS, CB MRAS, Sliding mode [21]-[25], we can 

generate an estimated rotor speed from voltage signals, measured stator current, and machine parameters. If 

“Fsta_sp” is at a low level (value of zero), a comparison algorithm between measured and estimated speed will 

be performed to identify the speed sensor fault accurately, as in (15), (16): 

 

𝐼𝑛𝑑𝑒𝑥𝑤 = |𝜔𝑚 −𝜔𝑒𝑠𝑡| (15) 

 

𝐼𝑓(𝐹𝑠𝑡𝑎_𝑠𝑝 = 0)&&(𝐼𝑛𝑑𝑒𝑥𝑤 > 𝑇ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑_𝑤){𝐹𝑠𝑝 = 1; } (16) 

 

After the diagnosis algorithms are performed, the FDI unit will provide the appropriate output 

signals to the FOC loop. The fault indication status and corresponding output signals are shown in Table 1. 

This paper uses the sliding mode observer referred to [23] for estimating the rotor speed and the Luenberger 

observer referred to [28] for virtual current estimation. 

 

 

Table 1. Judgment principle of FDI unit 
Fault indicator  Sensor status Output 

Fsp=0, FA=0, FB=0 Healthy ωm, iSα, iSβ 
Fsp=1, FA=0, FB=0 Speed sensor fault ωest, iSα, iSβ 

Fsp=0, FA=1, FB=0 A-phase current sensor fault ωm, iSα_est, iSβ_est 

Fsp=0, FA=0, FB=1 B-phase current sensor fault ωm, iSα_est, iSβ_est 

 

 

3. RESULTS AND DISCUSSION 

In this simulation section, three studies corresponding to each sensor malfunction will be performed 

to evaluate the effectiveness of the proposed diagnostic method. Parameters of the three-phase motors used in 

the simulations are listed in Table 2. 

 

 

Table 2. The IMD parameter 
Description Value 

Rated Torque: Tn  14.8 Nm 
Rated Speed: ωn 1420 rpm 

Rated current: In 4.85 A 

Stator, Rotor Resistance: RS, RR 3.179/2.118 Ω 
Magnetizing Inductance: Lm 0.192 H 

Stator, Rotor Inductance: LS, LR 

Number of pole pairs: p 

0.209/0.209 H 

2 
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The induction motor is accelerated from zero to 250 rpm in 0.2 s and maintained to 1.0 s, then the 

reference speed is increased to 750 rpm as the step function, and the motor is kept operating at this speed, as 

shown in Figure 3(a). Despite the sudden change in the reference speed, the fault diagnosis function of the 

FDI unit still works correctly, without any sensor fault recording being warned in the period from zero to  

1.5 s. The total speed sensor malfunction occurs at 1.5s, and the value of measured rotor speed change from 

750 rpm to zero instantaneously. The diagnosis algorithm based on (8), (15), and (16) in the FDI unit 

immediately works to identify the failed sensor. In this case, because the feedback speed corresponds to ωm 

in (15) and affects the estimated current in (13); therefore, all three indexes increase highly, as in Figure 3(b). 

However, the diagnosis algorithm correctly identified the speed sensor fault by combining indexes, the Fstb-sp, 

and F*
stb-sp indicators, as shown in Figure 3(c). Figure 3(d) presents the outputs of the FDI unit corresponding 

to Table 1. 

In case 2, the current sensor faults are simulated corresponding to the A-phase current. The total 

current sensor fault occurs at 1.5s, as shown in Figure 4(a). The diagnosis algorithms based on (13) and (14) 

are immediately implemented to determine the faulty current sensor. As a result, the index corresponding to 

the false current phase will increase sharply, as shown in Figure 4(b). Figure 4(c) illustrates the correct 

diagnosis corresponding to the A-phase current through the fault indication flag. Figure 4(d) presents the 

outputs of the FDI unit corresponding to Table 1 and the stable operation of IMD. 

Similar to the above case, the current sensor faults are simulated corresponding to the B-phase 

current in case 3. The current failure occurs at 1.5 s, as shown in Figure 5(a). Figure 5(b) indicates that the 

index corresponding to the B-phase current increases sharply at the time of the occurring fault. The fault 

indication flag of B-phase current changes from low to high level immediately, as in Figure 5(c). The outputs 

of the FDI unit and the stable operation of IMD are demonstrated in Figure 5(d). 

Through the above three simulation results, the proposed method has accurately detected, located, 

and isolated each sensor fault, providing appropriate control signals to the FOC loop to maintain the stable 

operation of IMD even under sensor failure conditions. 

 

 

  
(a) 

 

(b) 

  
(c) (d) 

 

Figure 3. Speed sensor fault diagnosis: (a) rotor speeds, (b) indexes and steady-state indicators, (c) sensor 

indication flags, and (d) outputs of FDI unit 

 

 



Bulletin of Electr Eng & Inf  ISSN: 2302-9285  

 

Sensor fault diagnosis technique applied to three-phase induction motor drive (Tien Xuan Nguyen) 

3133 

  
(a) 

 

(b) 

  
(c) (d) 

 

Figure 4. A-phase current sensor fault diagnosis: (a) rotor speeds, (b) indexes and steady-state indicators,  

(c) sensor indication flags, and (d) outputs of FDI unit 
 

 

  
(a) 

 

(b) 

  
(c) (d) 

 

Figure 5. B-phase current sensor fault diagnosis: (a) rotor speeds, (b) indexes and steady-state indicators,  

(c) sensor indication flags, and (d) outputs of FDI unit 
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4. CONCLUSION 

The paper presents a diagnosis strategy integrated into the FDI unit for speed and current sensor 

faults of an IMD that operates with two current sensors and a speed encoder. Speed sensor failure is 

diagnosed based on a measured and estimated rotor speed comparison algorithm. An amplitude value based 

on the combination of the integral signal and the current signal of each phase is compared to the estimated 

current for detecting a faulty current sensor. The proposed method accurately diagnoses sensor failures and is 

not confused with normal operating situations, such as a change in the reference speed of the step function. 

After evaluating the quality of the feedback signals, the FDI unit will provide appropriate control signals to 

the FOC-controller to maintain the stable and reliable operation of the IMD. The feasibility of the proposed 

diagnosis strategy has been verified through simulation results in the fault cases of three sensors. 
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