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Mobile Robot Kinematics



Wheeled Types

1. Conventional wheels
1) Powered fixed wheel

• Driven by motor mounted on a fixed position

• Axis of rotation is fixed w.r.t the platforms coordinate

2) Castor wheel
• Not powered

• Rotate freely about an axis perpendicular to its axis of rotation

3) Powered steering wheel
• Driven by motor and can be steered 

✓ Higher load capacity

✓ Higher tolerance for ground

irregularities

✓ Not omnidirectional 

(≒ Nonholonomic)
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Wheel Types

2. Special wheels
1) Universal wheel

2) Mecanum wheel

3) Ball wheel

✓ Greater maneuvarability
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Drive Types

• Drives of WMR (wheeled mobile robot)
– Differential drive

– Tricycle

– Omnidirectional

– Syncro drive

– Ackerman steering

– Skid steering
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Drive Types

• Differential drive
– 2 powered fixed wheels + 1 or 2 castor wheels
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ICC (instantaneous center of curvature)

𝑣𝑟 = 𝑅 − 𝑎 ሶ𝜃 , 𝑣𝑙 = 𝑅 + 𝑎 ሶ𝜃

𝑣𝑟
𝑅 − 𝑎

=
𝑣𝑙

𝑅 + 𝑎

𝑣𝑟 = 𝑣𝑙 ∶ 𝑅 = ∞
𝑣𝑟 = −𝑣𝑙 ∶ 𝑅 = 0
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Drive Types

• Tricycle
– 1 wheel which is both driven and steered + 2 unpowered fixed 

wheels
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Drive Types

• Omnidirectional
– 3, 4 or more omnidirectional wheels (universal/mechanum)

8



9



Drive Types

• Synchro drive
– 3 or more wheels that are mechanically coupled

– Steering synchronization

– 1 drive motor & 1 steering motor
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Drive Types

• Ackerman steering
– Standard steering used in cars

– 2 combined driven rear wheels + 2 combined steered front 
wheels

– Rotation axes of wheels intersect at the same ICR (instantaneous center 

of rotation)
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Drive Types

• Ackerman steering
– For parallel parking, a considerable maneuvering is required
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Inaccessible areas of vehicle
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Drive Types

• Skid steering
– Special implementation of differential drive in track form

– Increased maneuverability in uneven terrains

– Higher friction and multiple contact points with terrain
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Maneuverability

• Degree of mobility  (𝐷𝑚)

– Zero motion line

• line to ICC or ICR along the axis of rotation 

• cannot move the this direction
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𝑀𝑤 : maneuverability, 𝐷𝑚: degree of mobility, 𝐷𝑚: degree of steerability

𝑁𝑐 : number of independent constraints

𝑁𝑐 = 2 𝑁𝑐 = 1 𝑁𝑐 =2

* 𝑁𝑐 = 0 for omnidirectional



Maneuverability

• Degree of steerability (𝐷𝑠)
– Number of independently controllable steering angles

– 0 ≤ 𝐷𝑠 ≤ 2
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Degrees of Freedom

• DOF (degrees of freedom) vs. DDOF (differential degrees of freedom)

– DDOF (= 𝐷𝑚) : number of independent velocities

– DOF : ability to achieve any pose (𝑥, 𝑦, 𝜙) on the plane

(ex)

Bicycle : DOF =3, DDOF=1

Omnidirectional : DOF = 3, DDOF=3 
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Wheel Drive Configurations

20



21



22



23



24



Direct and Inverse Kinematics
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𝑞1, 𝑞2, ⋯ , 𝑞𝑛 : joint space coordinates ( joint space variables)
𝑥1, 𝑥2, ⋯ , 𝑥𝑛 : task space coordinates  (Cartesian space variables)

• Direct (forward) kinematics

• Inverse kinematics



Direct and Inverse Kinematics

• Differential Kinematics
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Jacobian matrix ( m x n ) 

if m = n



Direct and Inverse Kinematics

• Generalized inverse  (m ≠ n)

1) m > n   (overspecified)

2) m < n (underspecified)
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if rank(J) = n

if rank(J) = m



Nonholonomic WMR

• Unicycle

• Differential drive WMR

• Tricycle WMR

• Car-like WMR
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Unicycle

• Geometry

• Kinematics
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nonholonomic constraint



Unicycle

• Nonholonomic constraint
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Kinematic constraint  :  Cannot move sideways

ሶ𝑥(𝑡) sin 𝜃 𝑡 − ሶ𝑦(𝑡) cos 𝜃(𝑡) = 0

→ Not integrable

→  Nonholonomic constraint



Differential Drive WMR

• Geometry
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→

(nonslippage assumption)

Since

we have



Differential Drive WMR

• Kinematic equation

• Nonholonomic constraint
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Tricycle WMR

• Geometry

• Kinematic equation
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ሶ𝒒 =
ሶ𝜃𝑤

𝜔𝜓

linear angular velocity
steering angular velocity

𝑱 ሶ𝒒



Car-Like WMR

• Geometry

34

ሶ𝒒 =
𝑣1
𝑣2

driving velocity 
steering velocity

Rear-wheel driving 



Car-Like WMR

• Kinematic equation

• Nonholonomic constraint
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(rear wheel)

(front wheel)

= 0


