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Abstract— Fault Tolerant Control Systems (FTCS) have emerged as a critical area of study for enhancing the 
safety, reliability, and efficiency of modern control systems. The FTCS technique might be active or passive 
control in general. In this paper, the active control branch's Fault Detection and Diagnosis (FDD) is used to detect 
faults in DC motor speed sensors. FDD methodologies can be divided into two types based on the process and the 
type of data available: model-based methods and data-based methods. The proposed method here investigates the 
use of the Luenberger observer technique, which is part of the model-based approach. The selected method was 
implemented and experimentally evaluated. This observer is dependent on the residual signal, which serves as a 
fault indicator in the overall system and represents the difference between the measured and estimated speed 
signals from the plant. Due to the increasing demand for these motors, particularly in electro-mechanical 
applications such as robotics, elevators, and electric-driven railways, a DC motor was chosen as a benchmark to 
test the proposed method. The output speed of the motor was subjected to four sensor faults: sensor fault, abrupt 
fault, intermittent fault, and incipient fault. The effectiveness of the suggested approach is demonstrated using 
MATLAB simulations, and the results show that faults are detected as anticipated with a high-performing response. 
Therefore, the proposed method was also implemented experimentally in real time and the obtained results showed 
a close match with those from simulation, thus proving the accuracy and reliability of the proposed methodology 
for fault detection in the DC motor speed sensor.  

Index Terms— Luenberger Observer Controller; Faults; DC motor.  

 

I INTRODUCTION

High levels of system safety are provided by fault-tolerant 

control systems (FTCS), a class of extremely sophisticated 

control functions designed in a unified framework. There are 

two kinds of FTCS: passive and active [1]. This study looks 

into fault detection and diagnosis (FDD), a kind of fault-tol-

erant active control. Fault Tolerance Control (FTC) has re-

ceived a lot of attention in sensitive industrial applications 

over the last two decades. There is a growing need to improve 

the dependability and safety of electrical systems in many in-

dustrial applications. Electric motors, aircraft, and robotic 

systems are examples of industrial applications. These appli-

cations have a great need for speed control tasks. One of the 

most well-known electric motors, the DC motor is commonly 

used in industrial appliances like electric vehicles, robot arms, 

cranes, and elevators [2]. DC motors are suitable for applica-

tions that require frequent and adjustable starting, good speed 

regulation, braking and reversing [3]. DC motors have several 

advantages over other types of motors such as: higher starting 

torque, speed variation, adjustable speed, applicability for 

low-speed torque and the required maintenance is easy in gen-

eral [4]. FDD is a technique used by researchers interested in 

fault tolerance control to improve the efficiency and safety of 

electric motors [5]. A sudden failure of a motor while it is in 

the operation mode can result in costly downtime, environ-

mental damages, equipment faults or even human danger [1]. 

Due to the slow rate of deterioration of some faults, they can 

be identified early on, enhancing safety, preventing system 

failures and product damage, and extending the useful life of 

the equipment [6]. Electrical motor faults are classified into 

two types: electrical and mechanical. A short circuit in the sta-

tor winding, rotor failure, an inverter fault, and a damaged end 

ring are all examples of electrical faults. Gearbox failure, 

bearing damage and shaft bending are examples of mechani-

cal faults [7], [8]. Sensors play a crucial role in the operation 

of motors.  When it comes to motor fault detection and diag-

nosis, sensor faults provide a significant issue. The two most 

common methods for monitoring and detecting faults in elec-

tric motors are model-based and data-based approaches. The 

model-based approach is based on comparing the behaviors 

of the real plant with those of the system's mathematical 

model. It employs the residual signal, which is the difference 

between the real (measured) and model processes (estimated 

signal). There are several techniques to generate residuals : 

parity equations, observer based generation and parameters 

estimation [9]. The most popular fault detection techniques 

are parameter estimation and observer-based techniques [10]. 
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Data-based methods, on the other hand, are defined as " a dy-

namic model of an real process is not required ". To identify 

and diagnose faults, the entire fault detection method is based 

on physical quantities that are measured and examined [11]. 

There have been numerous contributions to the field of DC 

motor fault detection. Using a Luenberger observer to detect 

a speed sensor fault on a BLDC motor was simulated by a 

software technique using MATLAB in [12]. In [13] a robust 

method for fault-tolerant control (FTC) of a permanent mag-

net DC motor has been created and tested  in the presence of 

various actuator fault types. A Luenberger observer based on 

the Bond Graph model was suggested in [14] as a method of 

fault detection. The authors in [15] presented an online sensor 

FDD via the model-based method using a Luenberger ob-

server applied on DC motor. Robust design of unknown in-

puts (UI) propositional–integral (PI) observer to estimate the 

state of the system with UI and detect the existing fault has 

been presented in [16]. The authors in [17] presented an im-

provement for Luenberger observer using fuzzy logic for de-

tecting sensor faults. In this paper, the main contribution is 

that the model-based sensor fault detection methods is applied 

to DC Motor (YA-070) in real time scenario where a Luen-

berger observer is proposed to detect a speed sensor fault on 

the motor. Fig. 1 illustrates the schematic diagram of the pro-

posed method. In [12] we applied the proposed method to 

BLDC motor in MATLAB simulation environment.  

 

Figure 1.  Speed Luenberger observer for YA-070 DC motor. 

This paper is organized as following: In Section II, the 

mathematical model of the classical DC motor is presented. 

Section III provides descriptions of the Luenberger observer 

background. Section IV presents the design and implementa-

tion of the hardware and the algorithm used. Section V pro-

vides simulation and practical results of the proposed Luen-

berger observer method. Finally, some conclusion is dis-

cussed in Section VI 

II    DC MOTOR MATHEMATICAL MODEL 

A  DC Motor 
The DC motor was introduced as a speed control target. The 

parameters of the DC motor model type (YA-070) are 

calculated practically [18]. Equivalent circuit of DC motor is 

shown in Fig. 2, that uses the armature voltage control 

method. 

 

 

Figure 2.  DC motor equivalent circuit                 

 

The specifications for the parameters are listed in Table 1 
and were derived from the motor's datasheet [19]. 

TABLE 1 

YA-070 DC MOTOR SPECIFICATIONS. 

 

Motor Specifications Value 

Nominal drive voltage 24 V 

Nominal rotational speed 3000 RPM 

Nominal current 200 mA 

Resistance Ra 7 Ω 

Inductance La 0.008436 H 

Rotor of inertia J 2.2097e-04  Kg.m^2 

Friction coefficient B 1.65e-04 N .m/rad/sec 

Back EMF constant Kb 0.094 V/rad/sec 

Torque constant Kt 0.094 N .m/A 

B Transfer Function of DC Motor 

The final speed transfer functions for DC motor relative to the 

input voltage can be written as follows [18]: 

 𝜔(𝑆)

𝑉𝑎(𝑆)
=

𝐾𝑡

𝐿𝑎𝐽𝑆2+(𝑅𝑎𝐽+𝐿𝑎𝐵)𝑆+(𝑅𝑎𝐵+𝐾𝑡𝐾𝑏)
 () 

The transfer functions of the DC motor in (1) are obtained in 

this study using the parameters in Table 1. As a result, the re-

sulting transfer function is: 

 T. F =
0.094

1.864𝑒−6𝑆2+0.001548 𝑆+0.00991
 () 

C State Space Model of the DC Motor 
State space modeling was used in the design of the observer 

of fault detection for DC motors. The following is the general 

form of a state-space model [20]: 

 �̇�(𝑡) = 𝐴𝑥(𝑡) + 𝐵𝑢(t) () 

 𝑦(𝑡) = 𝐶 𝑥(𝑡) () 
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where  𝑢(𝑡) is the input, 𝑥(𝑡) is the state, A is the state 
matrix, B is the input matrix, C is the output matrix and 𝑦(𝑡) 
is the output. 

State vector  𝑥(𝑡), has been chosen so that [21]: 

 𝑥1(𝑡) = 𝜔(𝑡) =
𝑑𝜃(𝑡)

𝑑𝑡
 () 

 𝑥2(𝑡) = 𝑖(𝑡) () 

 �̇�(𝑡) = (�̇�
𝑖
) = (

−
B

J

Kt

J

−
Kb

La
−

Ra

La

) 𝑥 + (
0
1

La

) 𝑢 () 

 𝑦(𝑡) = 𝜔(𝑡) = (1   0)𝑥 () 

where:𝜔(𝑡)  is the angular  velocity and 𝑖(𝑡) is the current 

of the motor.  
As a consequence, the A, B, and C matrices are as follows: 

 𝐴 = (
−

𝐵

𝐽

𝐾𝑡

𝐽

−
𝐾𝑏

𝐿𝑎
−

𝑅𝑎

𝐿𝑎

) , 𝐵 = (
0
1

𝐿𝑎

) , 𝐶 = (1    0) () 

The A, B, and C matrices are given by substituting the pa-
rameter values in (9): 

A = (
−0.7467 425.4
−11.14 −829.8

) , B = (
0

118.5
) , C = (1     0) 

III  LUENBERGER OBSERVER METHOD 

The primary principle behind the Luenberger observer 
method is to estimate the states of the real system using meas-
ured data [22]. The purpose of generating the residual signal 
is to compare the observed states to the measured states of the 
real system. After that, the residue is calculated by subtracting 
the outputs of the observed and measured signals [23]. Fig. 3 
depicts the functioning diagram of the actual system as well as 
the Luenberger observer model that was utilized for fault de-
tection methods. The Luenberger observer design for fault de-
tection was really developed based on the state space theory. 
The following equations can be used to create the observer 
[22]: 

 �̂̇� = 𝐴�̂�(𝑡) + 𝐵𝑢(𝑡) + 𝐿𝑒(𝑡) () 

 �̂�(𝑡) = 𝐶�̂�(𝑡) () 

 𝑒(𝑡) = 𝑦(𝑡) − �̂�(𝑡) () 

Where �̂�(𝑡)is the estimated system state, �̂�(𝑡) is the esti-
mated output, L is the observer gain and e(t) is the output error 
(difference between the real measured output y(t) and its esti-
mate  �̂�(𝑡)  ). Replacing (12) in (10):  

 �̂̇�(𝑡) = [𝐴 − 𝐿𝐶]�̂�(𝑡) + 𝐵𝑢(𝑡) + 𝐿𝑦(𝑡) () 

The estimated error is given by: 

 𝑒(𝑡) = 𝑥(𝑡) − �̂�(𝑡) () 

By using the first derivative of e(t) , we may obtain the 

following:  

 �̇�(𝑡) =
𝑑

𝑑𝑡
(𝑥(𝑡) − �̂�(𝑡)) = 𝐴𝑥(𝑡) + 𝐵𝑢(𝑡) − 𝐴�̂�(𝑡) −

𝐵𝑢(𝑡) − 𝐿𝐶(𝑥(𝑡) − �̂�(𝑡))  () 

The dynamics of the error is given by: 

 �̇�(𝑡) = (𝐴 − 𝐿𝐶)(𝑥(𝑡) − �̂�(𝑡)) () 

Setting the eigenvalues of matrix (A-LC) to impose faster 
observer dynamics in comparison to real system dynamics de-
fines the observer error dynamics [22].  

 

 

Figure 3.   Observer model and real system's functional diagram. 

 

The estimated and measured speeds are used to calculate 
the residual r(t). The residual r(t) is calculated  as follows: 

 𝑟(𝑡) = 𝑦(𝑡) − �̂�(𝑡) () 

To detect faults, the residual value will be checked automati-
cally. Hence, if the residual signal vanishes or approaches to 
zero, the system will be fault-free; otherwise, a specific fault 
would arise. Fig. 4 depicts the flowchart of the proposed tech-
nique for creating the Luenberger observer for fault detection 
[24]. 
 

IV   HARDWARE AND SOFTWARE DESIGN & IM-

PLEMENTATION 

The experiments contain various hardware and software 
parts, which are described in this section. Drive circuits for DC 
motor are designed using Proteus software. Luenberger ob-
server was also designed using Simulink-MATLAB. Arduino 
Mega 2560 board is used as the data acquisition card which 
can be programmed with the Simulink environment. Recently, 
the programmers can use the Simulink Support Package for 
Arduino Hardware to generate and run Simulink models on the 
Arduino Mega 2560 board [25].  
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Figure 4.  Luenberger observer flowchart for fault detection. 

 

A Design and Implementation for DC Motor Using 
Simulink 

Based on the step response of an armature-controlled DC mo-

tor, we constructed the model in Simulink. The speed com-

mand module generates a step signal with a range 0-255. This 

model explains how to use the Simulink blocks in order to 

generate pulse width modulation (PWM) output signals to 

control the DC motor. The PWM signal is sent through Pin 5 

of the Arduino Mega 2560 board as shown in Fig. 5. 

The DC motor speed is determined by optical encoder. The 

encoder type is the A-B phase incremental encoder. Each cir-

cle outputs 200 pulses. We used the pulse output of channel A 

to plot the speed curve and the output channel B to measure 

speed in RPM. The encoder pulses are counted on the Arduino 

Mega 2560 board via two of the board's digital inputs (pin 2, 

pin 3) [26]. Simulink is used to create the logic for predicting 

the motor's speed based on encoder counts. The Simulink sup-

ports a new package for Arduino hardware includes a tachom-

eter. Sensors was used to measure motor speed in RPM 

through digital pin 2 of the Arduino Mega 2560, as shown in 

Fig. 5. 

 

 

Figure 5.  Overall Simulink design for DC motor. 

 

B Experimental Setup for DC Motor 

The control system consists of a DC motor with a sensor (optical 

encoder) , an Arduino mega 2560 controller, DC motor drive 

(L298N H-Bridge) and DC power supply. A schematic diagram 

of the equipment setup for this  experiment is shown in Fig. 6 and 

a corresponding photo of the experimental setup  is shown in Fig. 

7. 

 

 

Figure 6.  Schematic diagram of the equipment setup. 

 

 

Figure 7.  Photograph of equipment used. 

C   Details of Hardware Implementation 

Motor controller (Arduino Mega 2650): The Arduino Mega 

2560 is a well-known microcontroller board based on the 
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ATmega 2560, which is shown in Fig. 8. A 16 MHz crystal 

oscillator, 54 digital input/output pins (some of them can be 

programmed as PWM output signals), 16 analog inputs, 4 

UARTs (hardware serial ports), a USB connection, a power 

jack, an ICSP header, and a reset button. Other specifications 

are given in [27]. 

 

 

Figure 8.  Arduino Mega 2650 board (motor controller). 

Motor Drive: The L298N is a dual H-bridge motor driver 

board that is used to control the speed and direction of two 

DC motors with the required currents and voltages [28]. The 

motor drive circuit is designed by using Proteus software. The 

practical implementation of the PCB for the motor drive cir-

cuit shown in Fig. 9. 

 

Figure 9.                  Motor driver (L298N H-bridge). 

 

Optical encoder: The feedback used here is an optical incre-

mental encoder, which is a linear or rotational electromechanical 

device with two output signals A and B that give out pulses when 

the device moves. More Details about optical encoder can be 

found in [29]. Fig. 10 shows the output signals of optical encod-

ers where the sensor provides incremental position feedback, 

which can be extrapolated to accurate speed or position infor-

mation. 

 

Figure 10.  Optical encoder signals. 

The optical incremental encoder used in the YA-070 DC motoris 

the H9700, as shown in Fig.11. 

 

 

Figure 11.  H9700 optical incremental encoder. 

A Digital Storage Oscilloscope has been used to store the 

waveform of optical incremental encoder signal pulses. 

The sampled speed signal is shown in Fig.12 . In this pa-

per, the speed sensor signal is sampled as an analog signal 

using a low-pass filter. 

 

Figure 12.   Optical sensor output (Scale:2 V/div). 

V  SIMULATION AND PRACTICAL (REAL TIME) 

RESULTS 

Both simulation and real-time experiments were used to ver-

ify the effectiveness and accuracy of the suggested Luen-

berger observer for the DC motor. In the experimental system, 

all experiments were performed in real time, and they were 
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carried out at a sampling time of  Ts=1ms. For the DC motor 

(YA-070), all experiments are carried out with an input volt-

age of 1 V (which corresponds to 2100 RPM). DC motor 

models are created in the MATLAB/Simulink environment. 

Several types of well-known faults were tested on the motor 

speed sensor, which is defined in [24]: 
 

• Additive fault: occurs as a result of a change in inter-
nal temperature or calibration issues. When there is 
an additional constant value in the speed sensor out-
put, this fault occurs. There are two sorts of additive 
faults: abrupt (occurs instantly) and intermittent  (ap-
pears and disappears repeatedly). Abrupt faults are 
frequently caused by hardware damage, whereas in-
termittent faults are caused by partial wire damage 
[5]. While the abrupt fault model can be created as a 
step function in Simulink, the intermittent fault 
model can be created as a series of pulses with vary-
ing amplitudes. 

• Multiplicative fault: this type of fault can happen due 
to multiplier coefficients which are applied to the 
sensor. This kind of fault, known as an incipient fault, 
is characterized by gradual changes in its parameters. 
It is frequently the outcome of the system's aging [5]. 
The incipient defect model in Simulink can be pro-
duced as a ramp function. 

• Sensor fault: this catastrophic fault happens when a 
sensor malfunctions at a particular moment (possibly 
because of a disconnect) and generates a constant 
zero after the fault arises [5]. Simulink allows for the 
simple multiplication of the speed signal by zero to 
simulate the sensor fault. This fault was practically 
implemented by separating the speed sensor from the 
motors for a short time period, then reconnecting 
them again, or by cutting off the power to the motors. 

Fault detection thresholds are defined according to the maxi-

mum values achieved by residuals over several experiments. 

There are two types of thresholds, one of which is the fixed 

threshold, whereas the other is the adaptive threshold [30]. In 

this paper, a fixed type threshold was used, and many tests 

were performed on the motors in a fault-free state to deter-

mine the values of both upper and lower thresholds. As soon 

as the residual exceeds a specific threshold, the alarm is trig-

gered to denote a fault. A buzzer device was used as an alarm. 

Moreover, the alarm is activated when this fault occurs. The 

Luenberger observer for DC motor simulation design is 

shown in Fig. 13, which includes the four types of faults men-

tioned above. A Simulink design of the fault detection method 

based on the Luenberger observer (real-time) for the DC mo-

tor as represented in Fig.14. 

 
 

  

Figure 13.  Luenberger observer simulation design for DC motor. 
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Figure 14.  Luenberger observer simulation design for DC motor (real-time). 

In this research, very close results have been demonstrated 
between simulation and practical implementation for every 
type of fault. 

A. Simulation Results without any  Faults  in 

DC Motor 

Here, no faults with the DC motor's speed are present in 
this simulation. The output speed (measured), estimated speed, 
and residual output are shown in Fig. 15, Fig. 16, and Fig. 17, 
respectively. 

 

Figure 15.  Simulation of faultless output speed. 

 

Figure 16.   Estimated speed simulation without fault. 

 

Figure 17.  Simulating the residual output of a DC motor without a 

fault 

As illustrated in Fig. 17, residual generation signal, which 
is nearly negligible, that the threshold value is error-free. 

B. Experimental  Results without any  Faults  

in DC Motor 

This experiment was performed with no fault in the speed 
sensor for DC motor. It was implemented in real-time. Fig. 18 
and Fig. 19 show the measured and estimated output speeds. 
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Figure 18.  The measured speed of DC motor. 

 

 

Figure 19.  The estimated speed of DC motor. 

Experimentally, tests were applied to the DC motor while 
it was fault-free in order to determine the threshold value from 
the residual generation. The upper threshold value was 0.0157 
while the lower threshold value was -0.009 as shown in Fig. 
20. It is important to find these threshold values in order to 
develop an alarm when faults occur in the motor speed. 

 

Figure 20.  Residual output without any fault, upper threshold 0.0157, 

lower threshold value was - 0.009. 

Obviously, the residual generation illustrated in Fig. 20 is 
not equal to zero due to the noise that is presented in the DC 
motor and errors in the parameters of observer design. Hence, 
the higher threshold value of 0.0157 and a lower value of -
0.009 were chosen in order to avoid false alarms for the resid-
ual value. 

C. Simulation Results of Aprupt Fault in DC 

Motor 

By adding a constant value to the sensor reading at the 
fourteenth second, as seen in Fig. 13, an abrupt fault is applied 
to the DC motor speed sensor. Fig. 21 depicts the output sim-
ulation and estimated DC motor speeds, whereas Fig. 22 de-
picts the residual output. At the time of its appearance, the fault 
detection method was clearly carried out successfully. 

 

Figure 21.   Output and estimated speed simulation with an abrupt 

fault 

 

Figure 22.  Simulating residual output with an abrupt  

From Fig. 22, it is obvious that the residual value at the 
fourteenth second exceeds the threshold value, which matches 
the simulation result in Fig. 21. 

D. Experimental Results of Aprupt Fault in DC 

Motor  

This experiment was performed with abrupt fault in the 
speed sensor for DC motor. It was implemented to the output 
speed at the third second. The experimental of the output and 
estimated DC motor speeds are presented in Fig. 23 and the 
residual output is presented in Fig. 24. Here, the fault detection 
process was executed perfectly, where the fault detection was 
carried out successfully at the time of its appearance. 
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Figure 23.  Measured and estimated speeds  of DC motor with Abrupt 

fault.  

 

Figure 24.   Residual output with an abrupt fault. 

From Fig. 24, it can be noted that the residual value at third 
second is greater than the threshold level. As a consequence, a 
fault in the speed sensor occurred. At this moment, the alarm 
is triggered. 

E. Simulation Results of Incipient Fault in DC 

Motor 

The incipient fault that applied to the DC motor speed sen-

sor is shown in Fig. 13. At the eleventh second, it was applied 

to the output speed. Fig. 25 depicts the output simulation and 

estimated DC motor speeds, whereas Fig. 26 depicts the resid-

ual output. These  figures show that, at the time the fault first 

appeared, the fault detection method 

worked. 

 

Figure 25.  Simulation of output and estimated speeds with incipient 

fault.  

 

Figure 26.  Simulation of residual output with incipient fault. 

As shown in Fig. 26, at the start of the eleventh second, the 
residual value exceeds the threshold value, indicating a fault 
with the sensor's speed. 

F. Experimental Results of Incipient Fault in 

DC Motor 

This experiment was performed with an incipient fault in 

the speed sensor for the DC motor. At the 2nd second, it was 

implemented to the output speed. Fig. 27 shows the output ex-

perimentally and the estimated DC motor speeds, while Fig. 

28 shows the residual output. It is noted that where fault de-

tection was successful at the time it occurred, the fault detec-

tion process was carried out successfully.. 

 

Figure 27.  Measured and estimated speeds of DC motor with incipient 

fault.  

 

Figure 28.  Residual output with incipient fault.  

The residual value, in Fig. 28, is gradually increased above 

the threshold value in the 2nd second at the time where the 

fault occurred, which refers to a fault in the speed sensor. 
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G. Simulation Results of Intermittent Fault in 

DC motor 

In this section, the intermittent fault shown in Fig. 13 is ap-

plied to the DC motor speed sensor. It is implemented by pe-

riodically adding a constant value to the sensor reading. An 

intermittent fault was applied to the output speed at the fifth, 

eighth, and eleventh seconds, respectively, with an amplitude 

of 1, 1.5, and 2. The pulse width of each of these signals is one 

second. Fig. 29 depicts the output simulation and estimated 

DC motor speeds, while Fig. 30 depicts the residual output 

where the residual value surpasses the threshold level.  

 

Figure 29.   Output and an estimated speed simulation with an inter-

mittent fault.  

 

Figure 30.   Simulation of residual output with intermittent fault.  

H. Experimental Results of Intermittent Fault 

in DC motor 

This experiment was performed with an intermittent fault 
in the speed sensor for the DC motor. It was implemented in a 
real-time scenario. Fig. 31 presents the measured output signal 
and the estimated DC motor speeds, while Fig. 32 shows the 
residual output. It was noted that where the residual value ex-
ceeded the threshold value, the defect detection process was 
successfully completed. 

 

Figure 31.  Measured and estimated speeds of DC motor with intermit-

tent fault.  

 

Figure 32.  Residual output with intermittent fault.  

I. Simulation Results of Sensor Fault in DC 

motor 

To use these faults in the simulation, the speed signal must 
be multiplied by zero.  Fig.33 displays the output simulation 
and the estimated DC motor speeds, while Fig. 34  shows the 
residual outpu. 

 

Figure 33.  Simulation of DC motor output and estimated speeds with 

sensor failure.  
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Figure 34.  Residual output simulation in the presence of a sensor fault.  

When the fault occurs, the residuals value drops below the 
threshold value, as shown in Fig.34. 

J. Experimental  Results of Sensor Fault in DC 

motor 

When the speed sensor is unplugged from the DC source, 
a sensor fault occurs. At the third second, it was applied to the 
output speed. Then the sensor reconnects after one second. 
This fault was implemented in real-time. Fig. 35 shows the re-
sponse of the measured and estimated speeds ,and Fig. 36 
shows the residual generation output. Here, the fault detection 
process was successfully performed.  

 

Figure 35.  Measured and estimated speed due to sensor failure. 

 

 

Figure 36.  Residual output due to sensor failure.  

From Fig.36, it can be noted that the residual value  is 
lower than the threshold value at the time of applying the fault, 

which will indicate a fault in the sensor. At this time, the alarm 
is triggered to indicate the presence of the fault. 

VI   CONCLUSION AND FUTUER WORK 

In this research, model-based methods employing Luen-
berger observers were investigated in order to detect faults in 
a DC motor's speed sensor.  

 Four well-known fault types were applied to the speed 
sensor of the YA-070 DC motor in order to test the validity of 
the proposed method, namely: sensor fault, abrupt fault, inter-
mittent fault, and incipient fault. The threshold algorithm is 
used in the suggested strategy to generate the residual signal 
that indicates a sensor failure. The proposed method's effec-
tiveness is demonstrated using both simulation and real-time 
experiments. A possible future work for this research topic is 
to integrate the kalman filter or particle filter algorithms into 
the observer design process. 
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