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Abstract—This paper describes the kinematics and control 

a three-wheeled omni-directional mobile robot. The kinematic 

model is derived using the geometric relationship that governs 

the motion of the system. The focus is on the connection 

between control parameters and the system’s behavior in the 

state space. The established kinematic model is validated by 

the accuracy of simulation results. A prototype of a three-

wheeled omni-directional mobile robot has been constructed 

and designed. 

Keywords—omni-directional, kinematic model, geometric 

relationship.  

I. INTRODUCTION  

In the modern automated industry, the mobile robot is 
more flexible and has the ability to perform more tasks 
effectively. An omni-directional wheeled mobile robot is 
currently a unique class of mobile robots. Numerous 
discussions have already taken place about omni-directional 
mobile robots. The kinetic performance of robots with 
different numbers of wheels varies. Therefore, many scholars 
have studied robots with three-wheels, four-wheels, and six-
wheels[1][2][3]. Changing the position and azimuth of 
wheels will result in a distinct kinetic performance. Thus, the 
robot that has a continuously variable transmission is also 
being studied[4]. Correlational analysis is conducted on 
kinematic and dynamic modeling[5][6][7]. Most of the 
research is focused on the model that has a fixed 
arrangement of wheels. The aim of this paper was to propose 
an omni-directional mobile robot base that has three 
independent driving wheels that are equally spaced at 120 
[deg]. The kinematic controller is proven to be stable 
asymptotically (exponentially). 

As follows is the organization of the paper. Three-
wheeled drive and its design are introduced in Section II. 
Three-wheeled omni-directional mobile robots' kinematics 
are calculated in section III. Section IV presents the 
simulation and measurement of the velocity of a mobile 
robot. The conclusion is given in section V. 

II. THREE-WHEELED DRIVE 

The maneuverability of a wheel mobile robot depends on 
the wheels and drives used. Due to its rich maneuverability 
and simple control, the mobile robot used a three-wheeled 
drive in this paper. An omni-wheel is a wheel that is 
typically augmented with rollers on its outer circumference. 
These rollers spin freely about axes in the plane of the wheel 
and tangential to the wheel’s outer circumference, and they 
allow sideways sliding while the wheel drives forward or 

backward without slip in that direction. To achieve an 
arbitrary three-dimensional chassis velocity, an omni-
directional mobile robot must have at least three wheels, as 
each wheel has only one motor. Attached to the shaft of the 
dc motor are three omni-wheels that act as the driving 
wheels. At intervals of 120 [deg], those were fixed 
symmetrically.  

 

  (a) Front view (b)Top view 

Fig. 1. Designed of a three-wheeled omni-directional mobile robot (a) front 

view (b) top view.  

III. KINEMATICS OF ROBOTIC PLATFORM 

 In this section, the kinematic model of a three-wheeled 
omni-directional mobile robot is derived. Table (1) shows the 
parameter description in kinematic model. Fig. 2 depicts its 
kinematic diagram that is used to find the kinematic model of 
the robot. 

 

 

 

 

 

 

 

Fig. 2. Kinematic models of a three-wheeled omni-directional chassis are 
represented by global coordinate system, frame G and robot coordinate 
system, frame B. 
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ξ = J−1(θ)η̇ (4) 
It describes the relation between the velocity input 

commands (ξ) and derivatives of generalized coordinates(η̇)  
J(θ)is the Jacobian (or velocity transformation) matrix. 

 

 

 

 

 

 

 

 

 

 
 

Fig. 3. Coordinate systems of one omni-directional wheel: (global 

coordinate system, frame G), (robot coordinate system, frame B) and 

(wheel coordinate system, frame Ci) 
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1
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It describes the relation between driving direction and 
free sliding direction.  

 

 

 

 

 

Fig. 4. xci  and yci are rotating of robot coordinate frame B to wheel 
coordinate system frame Ci and one omini-directional wheel center in x, y 
direction. 
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= [

cosϕBi −sin ϕBi

sinϕBi cosϕBi
] [

ẋci
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It describes the relation between the robot frame and the 
wheel frame.  
 

 

 

 

 

 

 

Fig. 5. Rotation and transformation of one omni-directional's robot 
coordinate frame B to wheel coordinate frame Ci. 

u − rdyi = ẋci cosϕBi − ẏci sin ϕBi (7) 

v + rdxi = ẋci sin ϕBi + ẏci cos ϕBi (8) 
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By substituting equation (10) in equation (5)  
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By substituting equation (3) in equation (11)  
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TABLE I 

Parameters description in kinematics model 

Symbol Description Units 

xi forward displacement of the mobile robot w.r.t. G [m] 

yi lateral displacement of the mobile robot w.r.t. G [m] 

θi angular displacement of the mobile robot w.r.t. G [deg] 

u forward velocity of the mobile robot w.r.t. B [m/s] 

v lateral velocity of the mobile robot w.r.t. B [m/s] 

r angular velocity of the mobile robot w.r.t. B. [m/s] 

ωi angular velocity of the ith wheel [deg/s] 

ai radius of the ith wheel [m] 

βi
̇  angular velocity of the passive roller [deg/s] 

ρi radius of the passive roller [m] 

γi angle between roller axis to the x𝑐i axis [deg] 

ϕBi angle between the vehicle frame B and the wheel 
frame Ci. 

[deg] 

dxi,  dyi position coordinates of Ci with reference to B.  [m] 

 

 

 

 

 

 

 

 

Fig. 6. Configuration of three-wheeled omni-directional mobile robot with 

respect to global coordinate system, frame G. 

 These are the parameter of the three-wheeled omni-

directional mobile robot 

αi = [0° 120° 240°], dxi = L cos αi, dyi = L sin αi 

a1 = a2 = a3 = a, ϕB1 = 90°, ϕB2 = 210°, ϕB3 = 330° 

dx1 = L cos(0°), = L, dx2 = L cos(120°) = −
L

2
,  

dx3 = L cos(240°) = −
L

2
, dy1 = L sin(0°) = 0, 

dy2 = L sin(120°) =
√3L

2
, dy3 = L sin(240°) = −

√3L

2
  

γ1 = γ2 = γ3 = 0° 
By substituting the robot parameter in equation (11) 

ω1 =
1

a
(v + Lr) (13) 

𝑪𝒊 

ϕBi 

ϕBi 
xci 

yci 

B 

yb 

xb 

B 

Vdrive = ωiai 

Vslide = 𝛽�̇�𝜌𝑖  

G 

𝛾𝑖  

Ci 

βi
̇ ρi cos 𝛾 

βi
̇ ρi sin 𝛾 

x𝑐i 

yci 

𝑪𝒊 

ϕBi 

x𝑐i 
yci 

B 

yb 

x𝑏 u 

u 
v 

v 

r 
dyi 

dxi 

rdyi 

rdxi 
L 

2a 

ϕ1 

ϕ2 

ϕ3 

v2 

v3 

v1 

𝛼2 

𝛼3 

G 

xi 
 

yi 

xb yb 

xi 

yi 



ω2 =
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1
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It can be written in vector-matrix form.  
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ξ = Wω (18) 

It describes the kinematic model base on wheel configuration. 

 The kinematic control is described to achieve 

asymptotically (exponentially) stable, t → ∞ ,η → ηd  or in 

other words, t → ∞,η̃ → 0, η̃(t) → e−λt ,λ > 0 , where η̃ =
ηd − η. Choosing the control input based on the computed 

velocity control as : ξ = J−1(η)[η̇d(t) + λη̃(t)]. Based on 

this control input vector that can find the individual wheel 

velocities of a three-wheeled omni-directional mobile robot, 

as: ω = W+ξ . Where, η  is actual position, ηd  is desire 

position, η̇d  is desire velocities, J(η) , J−1(η)  is Jacobian 

matrix, W+ is pseudo inverse matrix and ξ is control input. 

IV. SIMULATION  

In this section, the simulation is carried out to verify the 

accuracy of the derived kinematic model of three-wheeled 

omni-directional mobile robot. The coordinate (xi, yi)  of 

three-wheeled omni-directional mobile robot in moving 

processing are shown in Fig. 7. It can be seen from this 

figure that the movement trajectory is very close to the 

target trajectory. The tracking error between the movement 

trajectory and the target trajectory is shown in Fig. 8.  
 

  
Fig. 7. Simulation result of three-wheeled omni-directional mobile robot 
coordinate system. 
 

  
Fig. 8. Simulation of vehicle responses error tracking result using 

MATLAB. 

Two position parameters, xi and yi and the orientation angle 

θi are given in the subfigure of Fig.8. The initial position of 

(xi ,yi, θi) is set to (0.2, -0.5, 0.1) and target position is set to 

(2*sin (0.1*t(i)), 2-2*cos (0.1*t(i)), 0). The kinematic 

controller can steer the omni-directional mobile robot to the 

target quickly and steadily. The velocity input throughout 

the whole motion process is shown in Fig. 9. 
 

  
Fig. 9. Control velocities of three-wheeled omni-directional mobile robot. 

V. CONCLUSIONS 

This paper has been discussed and simulated of 

kinematic three omni-directional wheel mobile robot. With 

the kinematic diagram of the robot’s wheels arrangement 

equally spaced at 120 [deg] from one another. The 

kinematic model has been derived using the geometrical 

relationship that govern the motion of the system. 

Simulations results have shown that the kinematics 

controller is capable of accomplishing desired regulation 

and trajectory tracking requirement.  

REFERENCES 

 
[1] J. Aranda, A. Grau and J. Climent, "Control architecture for a three-

wheeled roller robot," AMC'98 - Coimbra. 1998 5th International 
Workshop on Advanced Motion Control. Proceedings (Cat. 
No.98TH8354), Coimbra, Portugal, 1998, pp. 518-523, doi: 
10.1109/AMC.1998.743590. 

[2] K. Nagatani, S. Tachibana, M. Sofne and Y. Tanaka, "Improvement 
of odometry for omnidirectional vehicle using optical flow 
information," Proceedings. 2000 IEEE/RSJ International Conference 
on Intelligent Robots and Systems (IROS 2000) (Cat. 
No.00CH37113), Takamatsu, Japan, 2000, pp. 468-473 vol.1, doi: 
10.1109/IROS.2000.894648.   

[3] K. L. Moore and N. S. Flann, "A six-wheeled omnidirectional 
autonomous mobile robot," in IEEE Control Systems Magazine, vol. 
20, no. 6, pp. 53-66, Dec. 2000, doi: 10.1109/37.887449. 

[4] J. B. Jae-Bok Song, K. S. Kyung-Seok Byun, “Design and Control of 
a Four-Wheeled Omnidirectional Mobile Robot with Steerable 
Omnidirectional Wheels,” Journal of Robotic Systems Volume 21, 
Issue 4, Date: April 2004, pp. 193-208 

[5] Y. P. Leow, K. H. Low and W. K. Loh, "Kinematic modelling and 
analysis of mobile robots with omni-directional wheels," 7th 
International Conference on Control, Automation, Robotics and 
Vision, 2002. ICARCV 2002., Singapore, 2002, pp. 820-825 vol.2, 
doi: 10.1109/ICARCV.2002.1238528.  

[6] P. Muir and C. Neuman, "Kinematic modeling for feedback control of 
an omnidirectional wheeled mobile robot," Proceedings. 1987 IEEE 
International Conference on Robotics and Automation, Raleigh, NC, 
USA, 1987, pp. 1772-1778, doi: 10.1109/ROBOT.1987.1087767.  

[7] A. Betourne and G. Campion, "Dynamic modelling and control 
design of a class of omnidirectional mobile robots," Proceedings of 
IEEE International Conference on Robotics and Automation, 
Minneapolis, MN, USA, 1996, pp. 2810-2815 vol.3, doi: 
10.1109/ROBOT.1996.506588. 


