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Abstract— This paper developed a detection method for
wheel fault of omni-directional vehicle with Mecanum wheel.
Since mobile platforms are of great use as Automated Guided
Vehicle (AGV). However, given an omni-directional wheel
failing, it causes the AGV difficulty in positioning and also
reduce the omni-directional characteristics and work efficiency.
In order to prevent and warn of these problems that make the
wheels of omni-directional vehicles fail, the proposed method
utilizes the viscous friction coefficients (𝑫𝒐 ) of each wheel to
determine whether the wheels of the omni-directional vehicle
are fault or not. The relationship between the viscous friction
coefficients and the speed of each wheels are obtained by the
kinematics model and dynamics model of the omni-directional
vehicle system. Base on the variation of the relationship
between the two parameters, the movement of the wheels of the
omni-directional vehicle can be verified and the characteristics
of wheels failure can be presented in the experiment part.
Keywords—Mecanum wheel, fault detection, wheel fault,
omni-directional vehicle.

I. INTRODUCTION
Omni-directional vehicle system has been used in various
fields for a period of time. Due to the characteristics of the
omni-directional wheel, the omni-directional vehicle system
can be adapted to a variety of fields with limited working space.
In addition, the mainstream wheels used in omni- directional
vehicles are Mecanum wheels and omni- directional wheels,
and the difference between the two lies in the angle of
placement of the small wheels in the wheels.
Due to the body structure configuration and application
requirements, Omni-directional vehicles with Mecanum wheel
are often matched with four-wheel [1]-[3] and six-wheel
[4],[5] . Moreover, omni-directional vehicles have been used
in many areas where working space is limited. However, in
work applications, vehicles are often limited to walking on the
ground. In the industrial applications, Liu [6] has developed a
system that combines Mecanum wheel self-propelled vehicles
and six-axis robotic arms. This configuration not only takes
advantage of the flexibility and mobility of the Mecanum
wheel for the working space, and increases the working space
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of the robotic arm, but also increases the function of the
Mecanum wheel omni-directional vehicle. In the path planning
application, Joe [3] develops the Mecanum wheeled mobile
robot (MWR) system which uses a lower-cost controller to
achieve the purpose of designing the best path. The computer
mouse wheel is used as a sensor to realize simple positioning
of the vehicle without wheel slip, and to draw the robot's
motion linearly with an open-loop response limitation method.
Piemngam [7] successfully develops a mobile robot platform
with automatic navigation function with Mecanum wheel. The
mobile robot is equipped with Jetson TX2 in the ROS
development system as a high-level controller to complete the
navigation task, and can find the best path to the target area by
using the preset map, and successfully automatically move the
object from the origin to the desired area.
The failure detection of omni-directional vehicle with
Mecanum wheel are often discussed, including the failure
detection of the wheel [8],[9], the failure detection of the
motor and the failure detection of the sensor [10] . MELLAH
[10] develops a method that used mobile robots with
Mecanum wheel to explore the fault detection and isolation
of sensors and motors. Furthermore, the encoder failure,
gyroscope failure and motor failure are also discussed in this
research. In addition, a method based on the Extended
Kalman filter (Extended Kalman filter) is proposed to
estimate the system state and generate residuals. By
analyzing the residual signal, the fault of the sensor can be
isolated without emergency stop of the robot, and these faults
can be detected and isolated within a few seconds after the
occurrence of such faults. In addition, Karras [8] designs a
fault-tolerant control method for an omnidirectional mobile
robot with four Mecanum wheels. The nonlinear model
predictive controller is used to detect faults and isolate faulty
wheels, and regenerate a new dynamic model of the
omnidirectional vehicle. In the experiment part, Karras
designs different combinations of wheel failures combined
with the functions of navigation and obstacle avoidance to
achieve the function of fault-tolerant control.
This paper proposes a fault detection method for omnidirectional vehicle with Mecanum wheel. Based on the
relationship between wheel speed and voltage, the viscous
friction coefficients (𝐷$ ) of the system can be obtained. By
analyzing the comparison between the magnitude of the
viscous friction coefficient and the residual value, it is
determined whether each mecanum wheel of the omnidirectional vehicle is faulty. Therefore, the function of omnidirectional vehicle fault detection can be achieved. In the
experimental parts, the characteristics of the viscous friction

coefficient of each wheel is used for analyzing for different
road conditions and different wheel sizes.
The paper is organized as follows: Section II defines the
kinematics model and dynamics model of the omnidirectional vehicle with Mecanum wheel. Section III
introduces in detail the fault detection method and fault
identification method. Section IV summarizes the
experimental results and data analysis in different failure
situations . Section V draws conclusions.
II. MODEL
A. Kinematics
In this research, there are four Mecanum wheels in the
omni-directional vehicle, and each of Mecanum wheels is
composed by several free small wheels which are in 45 degree.
The configuration of omni-directional vehicle with Mecanum
wheel is shown as Fig. 1.

Figure 2. Free body diagram of Mecanum wheel

Based on the Fig. 2, the relationship between the speed
of the wheels and the speed of the body of omni-directional
vehicle has been found, as in (3).
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the transformation matrix. Pseudo inverse matrix can be
obtain the relationship between 𝑽𝟎 and 𝑽𝒘 .
VHI
1
1
1
1
𝜈R
V
H
1
1
−1 c ∙ F JI M
= 𝜈S E = _ −1H
(4)
H
H
H
L
VKI
− (`ab) (`ab) − (`ab) (`ab)
𝜔U
VLI
Where 𝑽𝒘 = 𝑅) ∙ 𝜽̇ , 𝜽 = [𝜃H , 𝜃J , 𝜃K , 𝜃L ][ ∈ 𝑅L×H is the
angular displacement of each wheel, 𝜽̇ = [𝜃Ḣ , 𝜃J̇ , 𝜃K̇ , 𝜃L̇ ][ ∈
𝑅L×H is the speed of each wheel. Substitute into equation (4)
and simplify it:
𝜈R =

Figure 1. The free body diagram of omni-directional vehicle

Where 𝛴& is the global coordinate. 𝛴' is the coordinate
system of the centroid of the omni-directional vehicle.
𝛴() (𝑖 = 1,2,3,4) is the coordinate system of the center of
each wheel. 𝛴' and 𝛴() are the local coordinate.
The angle between (𝑋& , 𝑌& , 𝜃& ) and 𝛴' (𝑋, 𝑌, 𝜃) is 𝜃7 , and
these coordinates are converted by applying rotation matrix
𝐽&' and inverse matrix 𝐽'& . The relationship is as below:
𝛴' (𝑋, 𝑌, 𝜃) = 𝐽&' ∙ 𝛴& (𝑋& , 𝑌& , 𝜃& )

(1)
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h𝜃Ḣ + 𝜃J̇ + 𝜃K̇ + 𝜃L̇ i
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B. Dynamic
Apply Lagrange equation to obtain the kinetic model of
omni-directional vehicle.
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Base on the definition of Lagrange equation: 𝐿r = 𝐾 −
𝑈 and ignore the height change caused by uneven ground, so
the potential energy (U) is zero:
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K is the kinetic energy of the omni-directional vehicle, and
D is the coupling term of each viscous friction-dissipation in
the wheels. The definition is as below:
J
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Where 𝐷o is the wheel viscous friction coefficient, and
the unit is Nms/rad. Through simplification, we can obtain:
𝝉 = 𝑴𝜽̈ + 𝑫𝜽 𝜽̇

(11)

Where 𝑴 ∈ 4 × 4 is coefficient matrix. Finally, the
viscous friction coefficient in each wheel is different, thus,
represent the constant 𝑫𝜽 with the diagonal matrix 𝑫𝒐 ,
𝑫𝒐 = 𝑑𝑖𝑎𝑔[𝐷H , 𝐷J , 𝐷K , 𝐷L ], 𝐷H , 𝐷J , 𝐷K , 𝐷L is the viscous
friction coefficient of each wheel respectively. Such that,
we obtain:
𝝉 = 𝑴𝜽̈ + 𝑫𝒐 𝜽̇

(12)

The dynamics equation of the omnidirectional vehicle is
shown as in (12) . According to the power equation that we
proved , it can be found that the output torque of each wheel
is related to the speed and the coefficient of viscous friction.
This paper explores the relationship between the three
coefficients, and uses the relationship to analyze the results of
the failure detection of the wheel omnidirectional vehicle.

is the threshold value that set by developer.
IV. EXPERIMENT RESULTS
The purpose of the experiment is to effectively detect
wheel failures of omni-directional vehicles. In the
experimental design, three kinds of omni-directional vehicle
driving direction conditions were designed: straight,
horizontal and rotation. And in the case of wheel failure, three
failure conditions are designed, the left-front wheel failure,
the right-front wheel failure, and the-left and right-front
wheels failure at the same time.
Take the straight direction and one left front wheel failure
condition as the example. First, place an obstacle on the path
of the left-front wheel of the omnidirectional vehicle to
achieve the failure design situation, as shown in Fig 3. Next
step is to analyze the speed and parameter characteristics of
the vehicle, as shown in the Fig 4,Fig5. Finally, the method
of setting the threshold is used to determine the failure of one
of the wheels of the Mecanum wheel omnidirectional vehicle,
as shown in the Fig.6.

III. PROPOSED METHOD
A. Wheel fault detection method
Through the relationship between the kinematic equation
and the dynamic equation, the viscous friction coefficient of
each wheel system can be obtained. First, according to the
characteristics of the motor voltage and speed, the
corresponding torque is obtained :
|

𝝉 = f} (𝑽 − 𝑘r 𝝎)
(13)
Where 𝝉 is the motor output torque, 𝑘7 is the motor torque
constant, 𝑅 is the motor resistance, 𝑽 is the supply voltage,
𝑘r is the motor anti-electrodynamic constant, and 𝝎 is the
rotation speed.
After obtaining the value of the motor speed and the fixed
supply voltage, the output torque of the motor can be obtained.
In addition, the dynamic equation can be rewritten when the
omnidirectional vehicle is running at a constant speed (i.e.,
the acceleration of the system is zero). Substituting the torque
value into (11), the viscous friction coefficient of each wheel
of the corresponding omnidirectional vehicle can be obtained:
𝝉 = 𝑫𝒐 𝜽̇

Figure 3. The wheel fault experiment of omnidirectional vehicle

(14)

Where 𝝉 ∈ 𝑅L×H is the motor output torque, 𝑫𝒐 =
𝑑𝑖𝑎𝑔[𝐷H, 𝐷J , 𝐷K , 𝐷L ], 𝐷H , 𝐷J , 𝐷K , 𝐷L is the viscous friction
coefficient of each wheel respectively. 𝜽̇ = [𝜃Ḣ , 𝜃J̇ , 𝜃K̇ , 𝜃L̇ ][
∈ 𝑅L×His the speed of each wheel.
B. Wheel failure judgment method
In the automatic fault detection method, the viscous
friction coefficient of each wheel is set as the judgement
parameter, and the threshold value determines whether each
wheel is faulty. Then the result that presents in binary format,
as in (15).
0, |𝑟( | < 𝑟7„
𝑟( = •
(15)
1, |𝑟( | ≥ 𝑟7„
Where 𝑟( is the value of the viscous friction coefficient. 𝑟7„

Figure 4. The speed of each wheel and three direction of
omnidirectional vehicle

V. CONCLUSION

Figure 5. The characteristics coefficient of omnidirectional vehicle

A detection method using the viscous friction coefficient
of the system is proposed for accurately detecting the
Mecanum wheel fault of omni-directional vehicle. Since the
Mecanum wheel fails due to external or internal factors, the
torque and viscous friction coefficient of the motor change
accordingly. Because of these changes, the method is
proposed for determining the wheel failure based on the
relationship between the torque of the motor and the viscous
friction coefficient. The threshold value determines whether
each wheel is faulty. Experiment results reveal that the
proposed method is effective when the wheels of omnidirectional vehicle fail. Moreover, the comparison indicates
that the viscous friction coefficients of the wheel in the carpet
condition is greater than wooden floor condition and the
viscous friction coefficients of the wheels size with larger
condition is greater than smaller condition.
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