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Outline of the Presentation

1. Problem formulation

2. Overview of the relevant research

3. Methodology

4. Results and discussions

5. Conclusions and recommendations
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Research Problem
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ÁNonholonomic Properties

Controls: m

C-space: n, where n>m

ÁLong Vehicle
Maneuvering at low speed

Rolling without slipping

ÁMobile Crane
Special mechanism with: 

Dynamic wheelbase adjustment

Multiple steering modes



Variable Wheelbase Vehicle
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ÅDifferent Driving Modes

Å LTM 1200-5.1 Chassis Control Panel



Research Problem
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Å Vehicle size

Å Smoothness

Å Collision free

Å (In real time) near-optimal

Å Applicable
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Path Planning:



Kinematic Representation
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Differential Constraints
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Path Deformation

Å Compute collision-free path with ignoring nonholonomic constraints

Å Transform this path into a nonholonomic one
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Recursive subdivision of a collision-free path 

(Laumond, et al.)

Control -based Sampling

Rapidly exploring random tree RRT 

(LaValle, et al., 2001) and its variations like 

RRT* (Goretkin, et al., 2013)

Å Optimal solution depends on the resolution

Å Does not reach at the exact pose (just the closest node to the desired goal)



Proposed Method: Geometric Modeling
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Nonlinear Systems of Ordinary Differential Equations:

General Case:

No analytical solution



Steering Methods
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Low Speed Manoeuvring: Linear + Circular Motion

Example:Turning Characteristics of Tractor-trailer 

Definitions:

Turning radius : The circular arc 

formed by the turning path radius of 

the front outside tire of a vehicle 

(described by vehicle manufacturers 

as the ñturning curb radiusò)

CTR: The turning radius of the 

centerline of the front axle of a 

vehicle 



Straight Line Motion
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Analytical solution



Circular Arc Motion

Å l < r

( )

( )

2 2

2 2 2 2 2 22

2 2

2 2 2 2 2 22

1
sin cos sin cos cos

1
sin cos sin sin cos

x r t x r t t x t x y r t y
l

y r r t x r t t y t x y t y
l

¡= - Ö + Ö + Ö - Ö

¡= Ö - Ö - Ö + Ö

2 2

Q Pr r l= -

12

()( )

()( )

0 0,0

0 cos , sin , 0 2l la a a p

=

= ¢ <

p

q
I.C.

Difficult to find the

analytical solution

Serve as motion primitives



Motion Primitives

Motion primitives are pre-computed motions that the robot can take.

13Figure source: Search-based Planning Lab

When building motion primitives 

considering: 

Å Kinematic constraints

Å Different costs associated with each 

motion



Motion primitives for variable wheelbase type vehicles
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Forward-turn-arc motion primitives (resolution = 0.025)

Changing wheelbase:
LÍ0 : Add more subsets of primitives

L=0 (crab steering mode): Assume transitions only occur between existing state 

spaces


