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Abstract— The world market of robotics is expected to 

increase substantially in the next 20yr, surpassing the market 

of industrial robotics in terms of units and sales. Important 

fields of application are homeland security, surveillance, 

demining, reconnaissance in dangerous situations and 

agriculture. The design or selection of robotic drive system 

for unstructured environments is generally complex. This 

paper sets out to analyse the state-of-the-art of Omni 

directional drive and drive train system. Qualitative 

Comparison among mostly utilized Omni directional drives 

(Swerve,  Holonomic and Mecanum) have compared on 

basis of conceptuality, wheels, feasibility to build, program 

& control, loading capacity and traction. Along with that 

qualitative Comparison of drive train systems have been 

tabulated for specific operating requirements. Focussing on 

solutions for hobby robotics has been compared, in order to 

help designers to select the optimal solution. The current 

and future trends of Omni directional drives are also 

outlined. 

Key words: Omni directional drive, Drive train 

I. INTRODUCTION 

Omni-directional mobility is an outstanding ability for the 

mobile robots to conveniently transport in the congested, 

confined or highly dynamic environments. An Omni-

directional wheel provides a complete maneuverability that 

a conventional wheel does not [1]. An Omni directional 

drive is defined as a drive system that permits a robot or 

vehicle to experience displacement in any one of three 

degrees of freedom. In general they are linear displacement 

in the X and Y plane as well as rotation around Z axis. 

There are many benefits to making a vehicle that is capable 

of moving in any direction forward, backward ,left , right 

and can also rotates clockwise or anticlockwise without 

changing it’s orientation. Many concepts have been 

developed over the year and still more researchers are 

making their efforts for modifications of Omni wheels. The 

major reason for this most likely being a Cost Vs Necessity 

view of the problem. This paper gives a review of the 

various currently explored means of achieving Omni 

directional drive and comparison between various drives and 

selection of optimum drive according to the various 

parameters. State of art has been included in following 

sessions for hobby robotics. 

II. TYPES OF DRIVE 

A. Omni drive (Holonomic drive) 

Omni wheels are designed on the concept of a normal wheel 

that has the ability to roll or slip sideways. So although no 

drive can be applied in the lateral direction the wheel is still 

able to be moved in that direction. Omni wheel was first 

patented by J grabowiecki in 1919 and then after a variant of 

wheel was patented by Joseph F Blumerich in 1972. This is 

accomplished by placing many smaller wheels or cylinders 

on the edges of the main wheel as can be seen in Fig. 

1(a).The angle of the smaller wheels relative to the main 

wheel also give the wheel name Swedish 90° wheels. To 

prevent awkward situation where a roller may not be in the 

desired place and to minimise friction in lateral Movements 

two wheels are often combined to form a wheel which has a 

more complete surface. This can be seen in Fig. 1(b). The 

use of one Omni-wheel is said to cause vertical vibrations 

due to the non-continuous contact. The use of two Omni-

wheels to prevent this is said to create horizontal vibrations. 

To counter both these problems a continuous alternate wheel 

has been designed [1]. The design of this wheel can be seen 

in Fig.1(c). Omni drives can easily program and control, 

analogous to industrial applications and less expensive to 

other drives. Besides the above advantages, Omni drive has 

complex conceptuality, poor efficiency and position control 

because of high slip. 

   
(a) Omni wheel regular         (b) Omni wheel double 

 
(c) Continuous Omni wheel 

Fig. 1: Omni-wheels (Andymark 2012,byun et al. 2001) 

B. Kiwi drive 

In this drive 3 independent wheels mounted at 120° to each 

other that drives the robot in any direction. The setup is 

similar to the killough platform but the main difference is 

that the wheel used by killough platform differ slightly .The 

Killough platform can be seen in Fig. 2(b) and kiwi platform 

in Fig. 2(a)[2]. Similar to the Kiwi drive a four wheel layout 

can be used to improve speed and control. 4 independently 

mounted wheels are mounted at 90° angles to each other. An 

alternative to this also exist where the angle between the 

motor is not fixed the motor can be angled in a slightly 

steeper X pattern which can allow higher speed in certain 

direction. An example of such a platform can be seen in Fig. 

2(c)[3]. Anisotropic means that something is directionally 

dependent that it has different properties depending on the 

orientation of the force on the wheels. In theory these wheel 

respond in the same manner as the Omni wheel having 

traction in one direction and having the ability to roll or slip 

in the perpendicular.  
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(a)  3 omni wheels setup 

 
             (b) Killough platform 

 
(c) 4 wheel mobile layout 

Fig. 2: Application of Omni-Wheels (Ribeiro et al. 2004, 

Pin en Killough 1992, Buchli 2006) 

In above stated drives have utilized Omni ball or 

anisotropic wheels.  An Omni ball is very similar to the 

Omni Wheel in the way it moves the main difference being 

that the ball is completely spherical so it is able to roll in any 

direction easier then Omni wheel. The Omni ball  can be 

seen in Fig. 3 (b)[4] it can be used in the same way as 3 or 4 

wheel setup as the omni wheel [5] 

 
(a) Anisotropic Wheel                          

 
(b) Different views of an Omni ball 

Fig. 3: Substitutes of Omni-Wheels(Ishigami et al. 2010, 

Tadakuma 2007) 

While, Anisotropic wheels have been manufactured 

and using a prototype [6], but are not commercially 

available a model of these values can be seen in Fig. 3(a) the 

wheel comprises of a rim with multiple bendable nodes. The 

nodes are made up of two materials that are high friction 

material that has traction in the same plane as the wheel 

rotates and low friction material which is located on the 

sides when driving forward the wheel have traction as the 

wheel would try to move sideways the nodes bend slightly 

and only the low friction material make contact with the 

ground allowing it to slip. With all of these drive methods 

the way to calculate the desired motors speed is to work 

with sum of the velocity of each motor. Each motor only 

applies a force in one direction by starting with a vector of 

the speed and direction you want to move in one can 

calculate the desired speed for each individual motor. 

C. Mecanum drive 

This wheel was invented by Swedish inventor Begt  Illon  in 

1973 when he was Engineer with Swedish company 

Mecanum AB. It is also called as Illon wheel. Mecanum 

wheels look rather odd especially when moving in non 90° 

angles originally  modelled  on Omni wheels the roller 

wheels are patterned at 45° angle to the main axis of the 

wheel similar to a screw thread this angle give them an 

alternative name Swedish 45° angle as seen in Fig. 4(b). An 

arrangement of 4 independently driven Mecanum will allow 

the robot to move in any direction and rotate it on the spots. 

The way  this happens is similar to a model of corkscrew 

turning. The  Mecanum wheels are one of the most common 

Omni directional drives and is found in several products 

such as the air track Forklift seen in Fig. 4(a)[7]. Mecanum 

drive has significant advantages such as minimum ground 

friction and low torque, higher efficiency then Omni wheels 

and easy to design & build. Mecanum drive has certain 

challenges as well like programming, requires extra gear 

boxes which make it more expensive. Also, Complex 

conceptually leads to low traction so less speed and pushing 

force as well. 

The control of Mecanum wheel is slightly more 

difficult than the Omni wheels because the wheels are 

mounted in the same manner as in a car with two pair of 

wheels fixed on either side pointing in the same direction. 

The angle of the rollers is mirrored on the left and right side 

to achieve forward motion. All the wheels go forward to 

move sideways. The wheels on the one side go forward and 

the wheels on the other side go backwards to achieve other 



Modernistic Omni Directional Drive and Drive Train for Hobby Robotics 

 (IJSRD/Vol. 5/Issue 05/2017/096) 

 

 All rights reserved by www.ijsrd.com 415 

angle combinations so motor movements are required. 

Control of Mecanum Wheel Control have illustrated  in Fig. 

5. 

 
(a) Fork lift with mecanum Wheel       (b) Mecanum Wheel  

Fig. 4: (VEX ROBOTOICS DESIGN SYSTEM 2012, 

Airtax 2012) 

 
Fig. 5: Mecanum Wheel Control(McCandless 2001) 

D. Swerve drive 

One of the earliest solution to the Omni directional drive 

problem was the use of castor wheel that is powered but is 

also steerable system and is more commonly known as 

swerve drive or crab drive due to the manner in which 

system moves. While it's possible to move in any direction 

with only one drive, normal resistance from the supporting 

wheels generally requires at least two individual driven and 

steered wheels. This type of product has received some 

commercial success. Fraunhoffer company has developed 

several products for use in a manufacturing and automation 

that makes use of their customs compact drive module.[8] 

Biggest challenge in swerve drive has identified as delay in 

movement because of pre-adjustment of wheel in correct 

position before robot step ahead. As with the Omni-Wheel, 

one makes use of the sum of the speed vectors for each 

wheel to determine total speed and direction. There are 

generally only two driven wheels, so one need to only point 

them in the desired direction and at the correct speed. 

Whenever  rotation is required the angles of the wheels will 

differ.Fig.(6) 

 
(a) Swerve drive             (b) Fraunhoffer drive 

Fig. 6: Swerve Drives (Baker en Mackenzie 2008, 

FRAUNHOFER IPA 2012) 

E. Ball drive 

In this drive ball is driven by 2 or 3 Motors that are 

connected with ball rollers or castor wheels. By choosing 

different speeds for the driving motor the ball can be made 

to rotate in any direction at different speeds this movement 

is then translated to the ground by ball and the system is 

moved in the desired direction .[9]Fig.(7),(8). 

 
Fig. 7: Human-assist Proof of Concept 

 
      Fig. 8: Basketball Rider                             

F. Modified Omni wheel drive: 

Over and above the mainly referred types of drives are used 

to create effective social interaction with robots also known 

as Human Robot Interaction (HRI) modified Omni wheel 

drives are reviewed and listed as follows. 

1) Vuton tracks 

A Vuton track is very similar to an Omni wheel just a 

difference is  having a wheel with cylinder mounted on it the 

vuton tracks make use of tank tracks with cylinder mounted 

perpendicularly to track. Mounting 4 of the tracks in a 

square configuration gives one the ability to travel in one 

direction and simultaneously good control can also be 

achieved[10]. Fig(9). 

 
Fig. 9: Example of one vuton track(Damoto et al. 2001) 

2) Omni crawler  

Omni crawler is a unique idea that makes use of a set of 

circular tracks to provide motion in any direction. It is to the 

Omni ball as vuton tracks consist of Omni wheel enclosed 

within the tracks is a motor and drives which rotate the 

tracks in the normal direction providing forward and reverse 

motion as well as rotating the entire track mechanism. It is 

also pivoted to be able to roll sideways, motor mounted on 

the centre of Omni crawler drive a gear that rotates the track 

sideways providing left and right motion. The negative 
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being that such a system would be relatively complicated 

from mechanical point of view and the high cost that 

generally goes along with the mechanical complex system 

and image of prototype can be seen [4] Fig.(10). 

 
Fig. 10: Omni-Crawler(Tadakuma et al. 2008) 

3) Hemispherical Omni directional gimbaled drive 

In  2011 an old design was Revisited. It makes use of a 

hemispherical wheel which spins, much like a spinning top 

to move in various direction. When upper right the spheres 

spins on the spot, not inducing movement in any direction. 

As sphere is made to lean sideways a point of the sphere that 

has angular velocity is in contact with the ground thus 

propelling the object forward by altering the angle of contact 

of sphere one can achieve motion in any direction. The 

prototype can be seen in Fig. 11[11]. Although it is possible 

to get motion with only one of these devices to get true and 

controlled Omni directional drive at least two of these 

devices are required much like the supported ball drive extra 

castor wheels or ball bearings are required to support the 

structure. Although this design may seen very similar to that 

of ball drive  the main difference with this is that only one 

motor is required to spin the wheel. Two other actuators are 

required to tilt the wheel in the correct orientation. The 

example model makes use of to servos from a model plane 

in a gimbaled setup to easily set the orientation of the 

sphere. The idea has been suggested before it was proposed 

to be used as propulsion for a car and was illustrated the 

1938 edition of mechanics and handicraft magazine. 

 
Fig. 11: Basketball Rider (Ackerman 2011) 

4) Donut Swerve drive 

In  1985 a patent was filed for the design of an Omni 

directional drive unit the design made use of 2 Motors for 

driving wheel to allow drive in any direction one of the 

Motors gave Rotary movement to the wheels while the other 

altered the orientation of the wheel much like in the swerve 

drive systems. The difference in this design is that instead of 

using a conventional wheel it made use of a donut shaped 

wheel angled at 45° to the floor. An alternative suggestion 

was made to use sphere as wheels instead similar to what is 

seen in hemispherical Omni directional gimbaled drive. 

Further suggestion was made to achieve steering instead by 

altering the angle of attack of the wheel like in 

hemispherical Omni directional gimbaled drive [11]. 

5) Hovercraft 

This is fairly a straight forward as once lift is gained, one 

can travel in any direction by simply directing the propelling 

fans in the correct direction, similar to that of the drivable 

castor wheel in swerve drive. One can make use of 3 fans 

placed at 120 ° to each other similar to Omni will set up as 

in 3 wheel layout of Omni wheel. 

III. COMPARISON OF OMNI DIRECTIONAL DRIVE AND DRIVE 

TRAIN 

Choosing the right drive train is critical to the success of a 

robot. Various methods to choose drive train has suggested 

by researchers. These are some parameters which should be 

considered while selecting drive train are such as agility, 

ability to translate in the x and y directions as well as rotate 

about the Z axis, strength to push other robots or obstacles 

and resist defence from all side of the drive train, no. of 

motors, how much no. of motors is allowed, additional 

motors to rotate wheel modules or translate sideways may 

take away from motors for other robot functions, 

Programming, Ideally doesn’t require sensor feedback, 

Ideally doesn’t require advanced algorithm to calculate 

individual speed/power, Ease to drive, Intuitive to control so 

little practice is require to be competitive. Just because the 

drive train has the ability to move sideways it doesn’t mean 

the driver will use the ability. Traverse obstacles, the ability 

of a drive train to transverse ramps, bumps, steps. 

Comparison of Omni directional drives has represented in 

table 1 and table 2 has represented comparison of Omni 

directional drive train. The selection of various drive trains 

also depends on other factors like experience, time, no. of 

people, knowledge, budget, facilities available. 

no. Parameters Swerve 

Holonomic 

(Omni 

directional) 

Mecanum 

1 Conceptually Simple Complex Complex 

2 Wheels Simple Complex Complex 

3 To build Complex Simple Simple 

4 

To program 

and 

Control 

Complex Simple Simple 

5 
Pushing 

force 
Maximum Less Medium 

6 Traction High Low Medium 

Table 1: Comparison between Omni Directional Drives 

no  Swerve Holonomic Mecanum Slide Tank 

1 No. of wheels 4 traction Wheels 4 Omni wheels 4 Mecanum wheels 5 Omni wheels Typically in sets Of  2 

2 To design Complex Easy Easy Easy Simple 

3 To build Expensive Expensive More Expensive Expensive Cheap 

4 To program High Low Low Low High 

5 Speed High Low Low Low High 

6 Pushing force High Low Low Low High 
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7 To drive Easy Tough Tough Easy Easy 

8 Agile Yes Yes Yes Yes No 

9 Wheels cost Not Expensive 
Medium 

Expensive 

High 

Expensive 

Medium 

Expensive 
Not Expensive 

Table 2: Comparison between Omni Directional Drive Trains

IV. CONCLUSION 

In this paper, overall review of different Omni directional 

drives has been represented with advantages, limitation and 

applications.  Qualitative Comparison among mostly utilized 

Omni directional drives (Swerve, Holonomic and Mecanum) 

and drive trains (Swerve, Holonomic, Mecanum, slide and 

tank) have compared on basis of design feasibility, 

conceptuality, wheels, feasibility to build, program, control 

and traction. Comparison has made for focusing on solutions 

for hobby robotics and in order to help designers to select 

the optimal solution as per suitable applications. 
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