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Abstract 
 
Omnidirectional mobile robots are capable of arbitrary motion in an arbitrary direction without changing the direc-

tion of wheels because they can perform 3-DOF motions on a plane. This paper presents a novel mobile robot design 
with steerable omnidirectional wheels. This robot can operate in either omnidirectional or differential drive modes, 
depending on the drive conditions. In the omnidirectional mode, the robot has 3 DOF in motion and 1 DOF in steering, 
which can function as a continuously variable transmission (CVT). The CVT function can be used to enhance the effi-
ciency of the robot operation by increasing the range of the velocity ratio of the robot velocity to wheel velocity. The 
structure and kinematics of this robot are presented in detail. In the proposed steering control algorithm, the steering 
angle is controlled such that the motors may operate in the region of high velocity and low torque, thus operating with 
maximum efficiency. Various tests demonstrate that the motion control of the proposed robot works satisfactorily and 
the proposed steering control algorithm for CVT can provide a higher efficiency than the algorithm using a fixed steer-
ing angle. In addition, it is shown that the differential drive mode can give better efficiency than the omnidirectional-
drive mode. 

 
Keywords: Omnidirectional mobile robot; Steering control algorithm; Efficient drive; Continuously variable transmis-

sion (CVT) 
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1. Introduction 

The applications of wheeled mobile robots have re-
cently extended to service robots for the handicapped 
or the elderly and industrial mobile robots that oper-
ate in various environments. The most popular 
wheeled mobile robots are equipped with two inde-
pendent driving wheels. Since these robots possess 2 
DOF, they can rotate about any point, but cannot 
perform omnidirectional motion such as sideways 
motion. Omnidirectional mobile robots (OMRs) were 
proposed for overcoming such limitations. OMRs can 
be classified into the holonomic and non-holonomic 

types. Non-holonomic OMRs have limited motions; 
for example, they must steer the wheels before mo-
tion [1]. This paper describes holonomic OMRs. 
OMRs can move in an arbitrary direction without 
changing the direction of the wheels because they can 
achieve 3 DOF motions on a plane. Among the 
OMRs that have been proposed thus far, popular ones 
include universal wheel based robots [2] and, ball 
wheel based robots [3], and conventional-wheel ro-
bots [4]. 

OMRs using omnidirectional wheels comprising 
passive rollers or balls usually have three or four 
wheels. Three-wheeled OMRs are capable of achiev-
ing 3 DOF motions by driving three independent 
actuators [5, 6]; however, they may have stability 
problems due to the triangular contact area with the 
ground and the payload they carry, especially when 
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traveling on a ramp with a high center of gravity. 
Therefore, four-wheeled vehicles are preferred when 
stability is of great concern [7]. However, independ-
ent driving of four wheels creates one extra DOF. To 
deal with this redundancy problem, a mechanism that 
used three actuators to drive four omnidirectional 
wheels was suggested [8]. 

One approach to a redundant DOF is to devise 
some mechanism that uses this redundancy to change 
the wheel arrangement [9]; such a mechanism is 
called a variable footprint mechanism. Since the rela-
tionship between robot velocity and wheel velocities 
depends on the wheel arrangement, varying the wheel 
arrangement can function as a transmission. However, 
such mobile robots must limit their range of wheel 
arrangement to maintain the stability of the vehicle, 
which tends to lower the transmission performance. 
To overcome this limitation, the omnidirectional mo-
bile robot with steerable omnidirectional wheels 
(OMR-SOW) was proposed, as shown in Fig. 1 [10]. 
Since the OMR-SOW significantly extended the 
range of the velocity ratio, stability was guaranteed 
irrespective of the wide range of wheel arrangements.  

Efficiency is of great importance in mobile robots 
because it is directly related to the continuous operat-
ing time. Here efficiency implies the ratio of the me-
chanical energy generated by the motors to the elec-
tric energy supplied by the battery. If the robot re-
quires less energy than another for performing the 
same motion, it is said to execute an efficient drive. In 
other words, a more efficient drive enables the robot 
to cover a longer distance for the same battery. The 
OMR-SOW acts as a continuously variable transmis-
sion (CVT) because the robot velocity can be 
changed continuously by adjusting the wheel ar-
rangements without employing a gear train. The CVT 
can provide an efficient drive for OMR-SOW. If the 
CVT is not properly controlled, however, the effi-
ciency can be deteriorated. Hence, a proper control 
algorithm is essential for an efficient drive. However, 
the CVT control of OMR-SOW is quite different 
from that of an automobile in that it is related to all 
four motors unlike an automotive CVT [9]. In this 
paper, a simple and effective steering algorithm that 
improves the motor drive efficiency through CVT 
control is suggested and verified by various experi-
ments. 

OMR-SOW has some drawbacks. When omnidi-
rectional capabilities are not required in normal 
straight-line driving, the omnidirectional mechanism  

 
 
Fig. 1. OMR-SOW. 
 
tends to prevent the robot from driving efficiently. In 
this case, the wheel arrangement used in an automo-
bile (i.e., four wheels in parallel) is preferred to the 
omnidirectional mechanism. Furthermore, the maxi-
mum height of a surmountable bump for OMR is 
limited by the radius of the passive roller of the om-
nidirectional wheel, which is much smaller than the 
radius of the wheel of an ordinary mobile robot. To 
overcome these drawbacks, the robot should function 
as an ordinary mobile robot unless its task requires 
omnidirectional capabilities. This paper proposes a 
new mechanism that can be used as a differential as 
well as an omnidirectional drive mechanism.  

The remainder of this paper is organized as follows. 
Section 2 introduces the structure of the OMR-SOW 
and presents its kinematics. Section 3 explains the 
steering algorithm for the CVT proposed for an effi-
cient drive of OMR-SOW. Section 4 provides some 
experimental results and investigates the validity of 
the proposed algorithm. Section 5 presents the con-
clusions. 
 

2. Structure and operation of OMR-SOW  

This section describes a new type of OMR, namely, 
an omnidirectional mobile robot with steerable omni-
directional wheels (OMR-SOW). Since the four 
wheels of this type of robot can be independently 
driven, OMR-SOW is a 4-DOF robot (i.e., 2 DOF are 
assigned for translation, 1 DOF for rotation and 1 
DOF for steering). The steering DOF can function as 
a continuously variable transmission (CVT). In the 
following subsections, steerable omnidirectional 
wheels are described and the features of OMR-SOW 
are discussed in detail. 
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Fig. 2. Control systems for OMR-SOW. 

 
2.1 Structure of OMR-SOW  

In this paper the OMR-SOW developed in [10] was 
modified so that it could be operated in the differen-
tial drive mode by maintaining the steering angle at 
±45o and preventing the passive rollers from rolling. 
This robot contains four wheel modules comprising 
an omnidirectional wheel connected to each motor, a 
synchronous steering mechanism, and a square plat-
form with a side of 0.5m. The height of the platform 
from the ground is 0.42m. The robot can be used as a 
wheelchair since it was designed to carry a payload of 
more than 100kg. The drive mechanism uses four DC 
servo motors (150W) that are controlled by DSP-
based motor controllers having a sampling period of 1 
ms. The DSP-based master controller performs kine-
matic analysis, plans the robot trajectory, and delivers 
the velocity commands to each wheel. The robot can 
move autonomously, and the PC monitors the entire 
system, collects data, and displays the robot’s states 
[10]. The suspension system, consisting of a four bar 
linkage, a damper and a spring, is required to ensure 
that all wheels are in contact with the ground at all 
times, which is very important in this type of four-
wheeled mechanism. This suspension can also absorb 
the shocks transmitted to the wheels. Table 1 summa-
rizes the specifications of the OMR-SOW.  

The coordinate systems for OMR-SOW are shown 
in Fig. 3. The frame O-XY is assigned as the reference 
frame for robot motion in the plane, and the moving 
frame o-xy is attached to the robot center. The angle θ 
between the y-axis and the diagonal line of the robot 
body depends on the shape of the body (i.e., θ = 45o 
for a square body). The four wheel modules can rotate 
about each pivot point C1, .., C4 located at the corners  

Table 1. Specifications of OMR-SOW. 
 

Features Specifications 

Weight 49.2 kg 

Width*Length*Height 0.7*0.7*0.42 m 

Logic circuit 12V, 7AH 
Robot

Battery 
Motors 24V, 10AH 

Radius of wheel 0.10 m 

Radius of outer roller 0.0278 m Wheel

Radius of inner roller 0.0209 m 

Assigned power rating 150 W 

Nominal voltage 24 V 

Stall torque 2.29 Nm 

Max. continuous current 6.0 A 

Motor

Max. continuous torque 0.18 Nm 

 

 
 
Fig. 3. Coordinate systems for OMR-SOW. 
 
of the robot body, but they are constrained to execute 
a synchronized steering motion of a single DOF by 
the mechanism of connecting links and a linear guide. 
In Fig. 3, the steering angle φ is defined as the angle 
from the zero position that coincides with the diago-
nal lines (i.e., C1C3 or C2C4) of the robot body. Al-
though four wheel modules are steered at each steer-
ing axis, the steering angle φ is identical for each 
wheel. Note that the steering is indirectly determined 
by the vector sum of each wheel velocity vector (not 
by an independent steering motor). 

 
2.2 Omnidirectional wheels 

Byun and Song [12] developed and patented the  
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Fig. 4. CAW and active and passive rolling. 

 

 
 
Fig. 5. Various wheel arrangements; (a) φ =30°, (b) φ =0°, (c) 
φ = - 30°, (d) φ = - 45° (differential drive). 
 
omnidirectional wheels used in OMR-SOW, called 
continuous alternate wheels (CAW), where the inner 
and outer rollers are arranged continuously such that 
there are no gaps between the rollers, as shown in Fig. 
4. Since the CAW makes continuous contact with the 
ground by alternating the large and small rollers 
around the wheel, virtually no vibrations are created 
during operation. In the CAW, the wheel velocity can 
be divided into the components along the active and 
passive directions, as shown in Fig. 4. The active 
component is directed along the axis of the roller in 
contact with the ground, while the passive one is per- 

 
Fig. 6. (a) Disassembled CAW with brake module, and (b) 
passive roller brake mechanism. 

 
pendicular to the roller axis.  

The CAW developed in this paper can perform dif-
ferential as well as omnidirectional drives: the steer-
ing angle is changed in the range of -30o to +30o in 
the omnidirectional drive mode, but maintained at 
+45o or -45o in the differential drive mode as shown 
in Fig. 5. The conventional wheels used in the differ-
ential drive have two advantages over omnidirectional 
wheels. First, the differential drive is generally more 
efficient than the omnidirectional drive when the 
latter is not required (e.g., straight-line driving). Sec-
ond, the conventional wheels can go over a higher 
bump than the omnidirectional wheels because the 
maximum height of a surmountable bump for the 
omnidirectional wheels is limited by the radius of its 
passive roller, which is much smaller than the radius 
of a conventional wheel. 

However, the differential drive mode cannot be set 
up by simply adjusting the steering angle of the om-
nidirectional wheels to +45° or - 45° because the pas-
sive rollers cannot be constrained in this case. For 
example, as shown in Fig. 5(d), pushing the robot 
along the x direction causes the robot to move in this 
direction, which does not happen in a robot with con-
ventional wheels since such wheels resist sideways 
motion. In other words, passive rolling must not be 
allowed in the differential drive mode. 

To overcome this problem, a passive roller brake 
mechanism was developed to stop the free rolling of 
the passive rollers in the differential drive mode, as 
shown in Fig. 6. This brake has 12 brake pads on its 
circumference. In the omnidirectional drive mode, the 
brake pads are placed in position 1, as shown in Fig. 
6(b), so that they do not make contact with the pas-
sive rollers. However, in the differential drive mode, 
they are pulled toward the passive rollers (i.e., posi-
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tion 2). The brakes pads are then elastically deformed 
and come in tight contact with the rollers such that 
they are locked. 

 
2.3 Kinematic analysis  

The relationship between the wheel velocity vector 
Vw and the robot velocity vector Vr is given by 

 
rw VJV 1−=  or wr VJV =    (1) 

 
where T

yxr
T

w vvVvvvvV ][,][ 4321 φψ &&== , and 
the Jacobian matrix is given as  
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where v1, v2, v3, and v4 denote the velocities of the 
wheel centers along the active direction, vx and vy the 
translational velocities of the robot center, ψ&  the 
angular velocity of the robot body, and φ the deriva-
tive of the steering angle, respectively. Further, l de-
notes the offset distance and L0 the distance from the 
robot center to the steering axis, as shown in Fig. 3. It 
follows from Eq. (1) that the robot velocity and steer-
ing velocity of the OMR-SOW can be completely 
determined by the control of the four independent 
motors driving each wheel. Since the OMR is of 3 
DOF in a plane, it is difficult to define the velocity 
ratio in terms of scalar velocities. Therefore, the ve-
locity ratio is defined using the concept of norms as 
follows: 
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where T

yxr lψLvvV ][ *** φ&&=  represents the 
normalized robot velocity, J* is the normalized Jaco-
bian, and L* and l* are the characteristic lengths for 
rotation and steering, respectively. These characteris-
tic lengths are the design parameters used to normal-
ize the Jacobian. Saha [13] selected a characteristic 
length to make the Jacobian matrix isotropic (i.e., to 
minimize the condition number), which was also 
adopted in the design of OMR-SOW. To make the 
Jacobian of the OMR-SOW isotropic, the elements of  

 
 
Fig. 7. Example in kinematics. 

 
the normalized Jacobian must have the following 
relations: 
 

**
0 //)cos()cos( llLlL =+=+ φφθ   (4) 

 
Since the Jacobian of OMR-SOW is a function of 

the steering angle φ, Eq. (4) cannot hold for all φ. 
Therefore, the characteristics lengths are determined 
by assuming φ = 0 in Eq. (4) as follows:  
 

* *
02( cos ), 2L L l l lφ= + = ,    (5) 

 
When the value of φ is changes, the normalized Jaco-
bian is not isotropic; however, the velocity ratio of Eq. 
(3) maintains dimensional homogeneity. 

The operational principle of the OMR-SOW can be 
explained by considering the following example. 
Suppose θ = 45o, φ = -15o, Lo = 2, and l =1, as shown 
in Fig. 7. If the robot velocity is given by 

T
rV ]0002[= , C, S and L become  
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Then, Eq. (1) can be calculated as  
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Fig. 7 shows the active wheel velocities required to 
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produce the desired robot velocity. Note that the de-
sired robot velocity contains only the translational 
velocity along the x direction, so the resultant velocity 
of each wheel has a magnitude of 2 along the x direc-
tion. From this observation, it follows that the passive 
wheel velocity of wheel 1 has a magnitude of 3 , 
which contributes to the specified resultant wheel 
velocity, as shown in Fig. 7.  

On the other hand, the force and moment of a robot 
can be expressed by 

 

w
T

r FJF −=  or r
T

w FJF =   (8) 
 

where Fw = [F1 F2 F3 F4]T and Fr = [Fx Fy Tz Tφ]T. Fx 
and Fy denote the forces acting on the robot center 
along the x and y directions, Tz the moment about the 
z axis, and Tφ the torque required to rotate the wheel 
modules, respectively. The force Fi (i =1,.., 4) is the 
traction force acting on the wheel in the direction of 
active rolling as shown in Fig. 2. The force ratio of 
the force acting on the robot center to the wheel trac-
tion force can be defined in the same way as the ve-
locity ratio in Eq. (3) as follows 
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||||

||||
||||

**
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==
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where *

rF  denotes the normalized robot traction 
force. Note that the force ratio corresponds to the 
inverse of the velocity ratio.  
 

3. Steering control algorithm for CVT  

In this section, a steering algorithm for CVT is dis-
cussed. The CVT of an automobile can keep the en-
gine running within the optimal range with respect to 
fuel efficiency or performance. Using the engine effi-
ciency data, the CVT controls the engine operating 
points under various vehicle conditions. A CVT con-
trol algorithm for OMR-SOW should consider the 
effects of all four motors. A simple and effective al-
gorithm for control of the CVT is proposed based on 
the analysis of the operating points of a motor.  

 
3.1 Motion control of OMR-SOW 

The motion of a mobile robot can be controlled by 
wheel velocities. From Eq. (1), when the desired ro-
bot motion Vrd is given, the reference wheel velocity  

 
 
Fig. 8. Control system of OMR-SOW with steering angle 
control. 

 

 
 
Fig. 9. Operating range of a motor. 

 
Vwd of each wheel can be computed by 
 

rdwd VJV 1−=
  

(10)
 

 
Fig. 8 shows the block diagram of the control system 
for OMR-SOW. When the reference wheel velocity 
Vwd = [v1d v2d v3d v4d]T is provided to each motor, the PI 
controller performs the velocity control of each motor 
to generate the control signal ui (i = 1, .., 4). If each 
wheel is controlled to follow the reference wheel 
velocity, then the robot can achieve the desired mo-
tion. Practically, slips between the wheels and the 
ground occur to some extent in all mobile robots. 
Such slips cause the real motion to be different from 
the desired one. Since the robot does not have any 
sensor that measures the robot velocity, such errors 
are inevitable.  

Since four wheels are independently controlled in 
OMR-SOW, a steering angle can be arbitrarily se-
lected while the desired robot velocity (i.e., 2 transla-
tional DOF and 1 rotational DOF) is achieved. In 
other words, a wide range of steering angles can lead 
to an identical robot velocity. The steering control 
algorithm then determines the desired steering angle 
φd to achieve the maximum efficiency for the given 
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robot velocity. Therefore, the desired steering velocity 
is computed by  
 

)( φφφ φ −= dd K&
  (11) 

 
where Kφ denotes the control gain of steering and φ 
denotes the actual steering angle measured by the 
encoder installed on one of the steering axes (note 
that the steering angle is identical to all wheels).  

Fig. 9 shows the operating points of the motor used 
in the mobile robot. In the figure, Tmax represents the 
maximum continuous torque, and ωmax denotes the 
maximum permissible angular velocity. The solid and 
dashed lines represent the constant efficiency and the 
constant output power, respectively. The input power 
is obtained by the product of the input current and 
voltage, whereas the output power is measured by the  
product of the motor angular velocity and torque. The 
efficiency η is the ratio of the output power to the 
input power for a single motor. 

As shown in this figure, the efficiency varies as the 
operating point moves on the constant output power 
line. The operating point of a motor can be varied by 
the CVT. For the same output power, a reduction in 
the force ratio of CVT leads to a decrease in velocity 
and an increase in torque, which in turn leads to a 
decrease in efficiency. Therefore, the CVT should be 
controlled such that motors operate in the region of 
high velocity and low torque. 

 
3.2 Steering control algorithm 

As explained in Section 3.1, when the desired robot 
velocity Vrd is given, each wheel is independently 
controlled. Any robot velocity can by achieved for a 
wide range of steering angles; nonetheless, some 
steering angles can provide a better efficiency than 
others. This section describes the proposed steering 
control algorithm that can determine a steering angle 
that results in maximum efficiency. 

The velocity is controlled by each motor controller, 
as shown in Fig. 9. The current sensor at each motor 
drive measures the motor current and computes the 
motor torque τ = [τ1 τ2 τ3 τ4]T. The wheel traction 
force Fw can then be computed by  
 

rcIF wwwww /)( ωωτ −−= &   (12) 
 
where r denotes the wheel radius, Iw the moment of 
inertia of the wheel about the wheel axis, cw the vis-
cous friction factor of the wheel, and ωw = [ω1 ω2 ω3  

  
Fig. 10. Force ratio as a function of steering angle and force 
direction. 
 
ω4]T is the wheel angular velocity. By substituting 
(12) into (8), the robot traction force Fr can be ob-
tained by  
 

w
TT

zyxr FJTTFFF −== ][ φ   (13) 
 

In Eq. (13), the torque Tφ required to steer a wheel 
module is independent of the steering angles. Since 
the force ratio associated with rotation is hardly af-
fected by the steering angles, it is mostly governed by 
translational motions [10]. The robot traction force 
direction αf can then be given by 
 

),(atan2 yxf FF=α   (14) 
 

Fig. 10 shows the force ratio rf defined in (9) in 
terms of the robot traction force angle αf and the  
steering angle φ. Identical wheel traction forces can 
generate substantially different robot traction forces 
depending on φ. As explained in Section 3.1, the 
OMR-SOW capable of CVT has the maximum effi-
ciency in the region with the highest force ratio (i.e., 
high velocity and low torque). For example, when αf 

= 90o, a steering angle of -30o can generate maximum 
efficiency in the omnidirectional drive mode. In Fig. 
11, curve 1 is obtained by connecting the steering 
angles corresponding to the maximum force ratio for 
each robot traction force angle αf. However, a rapid 
change in steering angle from +30° to -30° is required 
to maintain the maximum force ratio around α f  = 
90o.n + 45o (n = 0, 1, …). Such a discontinuity in the 
steering angle due to a small change in traction force 
direction is not desirable. To overcome this problem, 
we employed a sinusoidal profile (curve 2). 

An optimal solution that can maximize the effi- 
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Fig. 11. Steering angle curve corresponding to the maximum 
force ratio as a function of robot traction force angle. 
 

 
Fig. 12. Experimental results of tracking performance for a 
circular trajectory. (solid line: actual trajectory, dashed line: 
reference trajectory). 
 
ciency of OMR-SOW may be found by considering 
various factors such as the operating ranges of all four 
motors, mechanical friction between the wheels and 
the surface, damping and so on. However, it is diffi-
cult (and sometimes impossible) to consider all these 
factors because they change constantly depending on 
the driving conditions. Instead, only the efficiency of 
a single motor was used as a criterion for the steering 
control algorithm in this paper. Although this algo-
rithm cannot provide an optimal solution, it provides 
a simple and practical solution that is optimized for 
the developed mobile robot.  

If the steering angle φ is set to either +45° or -45°as 
shown in Fig. 5(d), the OMR-SOW can be driven in 
the differential drive mode. In this mode, the OMR-
SOW has the maximum force ratio denoted by A in 
Fig. 10, which leads to a higher efficiency than that in 
the omnidirectional drive mode. In conclusion, if the 

 
(a)  

 
(b) 

 
Fig. 13. Experimental results for square trajectory: (a) Fixed 
steering angle, and (b) Variable steering angle by steering 
algorithm. 
 
CVT is controlled by considering the steering pattern 
for each driving condition, efficient driving can be 
achieved. However, the change from the omnidirec-
tional to the differential drive mode cannot be per-
formed while the robot is moving because a steering 
angle greater than ±30° usually results in a slip be-
tween the wheel and ground, and the passive rollers 
cannot be controlled. Hence, the robot should stop 
temporarily to perform this change. 
 

4. Experiments  

Various tests have been conducted to demonstrate 
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the performance of the constructed omnidirectional 
mobile robot with CVT function. Fig. 12 shows the 
tracking performance of OMR-SOW for a circular 
trajectory. This tracking was associated with both 
translational and rotational motion. In the experiment, 
the robot moved along the x-direction and simultane-
ously rotated about the z-axis. The actual trajectory 
represented by the solid line tracked the reference 
reasonably well. Some error was observed around the 
finish since the prototype vehicle did not implement 
any position control algorithm for this test, and thus 
the position error was accumulated during motion. 

A series of experiments using a fixed steering angle 
and a steering angle computed by the proposed steer-
ing control algorithm were conducted. In Fig. 13, the 
robot followed a 1.5m x 1.5m square trajectory at a 
speed of 0.05m/s. Fig. 13(a) shows the result for a 
fixed steering angle and the consumed energy of 
221.3J. In Fig. 13(b), the steering angle was selected 
according to the force direction computed for the 
measured currents by Eq. (12) and Fig. 10. The en-
ergy values for these experiments were measured as 
179.5J. The consumed energy was reduced by 15% 
by the proposed steering control algorithm. 
In the next experiment, a half of the square trajectory 
was used on a ramp with a slope of 10

o
, as shown in 

Fig. 14. To follow a given velocity command, the 
motors should generate much more torque on a ramp 
than on the ground and thus the current is increased. 
Therefore, the measured current indirectly provides 
information on the ground conditions or disturbances. 
Even for a ramp or disturbance, the steering control 
algorithm based on the measured current can select 
the proper steering angles. The consumed energy was 
measured as 767.5J for the fixed angle and 653.4J for 
the case of the steering algorithm, indicating a 14% 
reduction in energy. 

Next, the energy consumption was investigated 
based on the wheel arrangement. The robot traveled 
at a speed of 0.05m/s in the y-axis, as shown in Fig. 5. 
This motion could be achieved by using various 
wheel arrangements. Among them, four configura-
tions were selected including three omnidirectional 
drive modes and one differential drive mode (see Fig. 
5). The experimental results are summarized in Table 
2. As expected, the differential drive provided better 
efficiency than the omnidirectional drives. This result 
justifies the proposed mechanism capable of conver-
sion between the omnidirectional and the differential 
drive mode depending on the drive conditions. 

Table 2. Comparison of omnidirectional drive with differen-
tial drive. 
 

Experi-
ments φ Average 

current (A) Power (W) Energy (J)

(a) 30 0.385 9.246 924.6 

(b) 0 0.296 7.112 711.2 

(c) -30 0.275 6.605 660.5 

(d) -45 0.266 6.402 640.3 
 

 
 
Fig. 14. Square trajectory with ramp. 

 
The conventional wheels used in automobiles usu-

ally exhibit better performance than the omnidirec-
tional wheels with passive rollers. This is because the 
height of a surmountable bump for the omnidirec-
tional wheels is limited by the radius of the smallest 
passive roller and the friction force of the roller. 
Therefore, if the passive rollers are constrained not to 
rotate as in the differential drive mode, even omnidi-
rectional wheels can function in a manner similar to 
conventional ones. The omnidirectional wheel can go 
over a 5cm high bump, which is greater than the ra-
dius of the passive roller. 
 

5. Conclusions  

An omnidirectional mobile robot with steerable 
omnidirectional wheels (OMR-SOW) was proposed. 
The structure of the robot and its kinematic analysis 
were presented. We developed a motion control sys-
tem for the robot and conducted various experiments. 
From this paper, the following conclusions are drawn. 

 
1. The OMR-SOW has 4 DOF that include 3 DOF 

for omnidirectional motion and 1 DOF for 
steering. This steering DOF functions as a con-
tinuously variable transmission (CVT). There-
fore, OMR-SOW can also be considered as an 
omnidirectional mobile robot with CVT. 

2. The proposed steering control algorithm for 
CVT can provide a significant reduction in 
driving energy than the algorithm using a fixed 
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steering angle. Therefore, the size of the actua-
tor required to realize the specified performance 
can be reduced or the performance such as the 
gradability of the mobile robot can be enhanced 
for the given actuators. 

3. The efficiency can be further improved by se-
lecting the differential drive mode by adjusting 
the OMR-SOW wheel arrangement. The sur-
mountable bump in the differential drive mode 
is much higher than that in the omnidirectional 
drive mode. 
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