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Introduction
This paper presents simulation and
test results that demonstrate the
navigation of Autonomous Tractor­
Trailer mobile robot vehicle in
reverse motion. Autonomous Tractor­
Trailer system can be equipped in
many practical situations from
mater ial hand ling in the factory
env ironment to the agricultural field .

Numerous papers treat this problem
with tools spanning from neural
network. fuzzy control. learning and
genetic algorithm. and nonlinear
controls. A feedbac k linearization
controller is derived in Sampeis
paper for a tra iler hitched at the axe l
while a back-stepping approach is
used in Yuan' s paper for a trailer
hitched off the axel. A complicated
hybrid controller is used in Claudio' s
paper to switch between a backward
driving and a forward driving
controller. The backward driving
controller is a locally stabilizing
controller with a small region of
attraction and the switching between
forward and backward motion ensures
that the system is driven sufficiently
close to equilibrium.
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In this paper we design a controller
for the reverse tractor trailer based on
the input output linearization method
of Sampeis paper. The method relies
on transforming trajectory following
problem in the time domain to thai of
a path following problem in the arc
length domain . Thus the controller is
expected to be insensitive to slipping
of wheels. We derive the controller of
Sampei's paper, mod ify it to the case
of differential wheeled tractor system
and simulate the performance and
implement it on two types of tractor
trailer systems; differential wheeled
and non differential wheeled. The
cont roller derivation assumes no s lip
tire rotation. Simulation results. which
do not incorporate slip. demonstrate
that the controllers have a very wide
region of attraction. The t..... o
experimenta l setups show that the
controllers perform quite
satisfactorily even in the presence of
cons iderable slip.

Mathematical Model
Figure ( I) shovvs the basic geometry
of the tractor trailer model. A trailer is
steered by the angle of the tractor (0) .
Here Point PI is the midpoint on the
trailer axle. We will seek to control
the path o f this point.
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Figure I. Bas ic geometry of the
tracto r trailer model

Line T racking

The simplest a pproac h to nonlinear
contro l is typ ically locallinearization .

A control ler with a larger reg ion of
va lidity can be obtained through
feed back linear izat ion. Here we app ly
feedback linearization . In the
approach to trajec tory tracking. the
independent variable is chosen to be
the arc length a long the desired path.
and the contro lled outp ut is chose n as
the orthogona l distance to that path.

-x-Axis Tracking

To prepare for the trading problem
we choose X I as the independen t
var iable . Using feedb ack linea rization
technique, the tota l co ntro ller can be
obta in as given in equat ion ( I). here
values of (/c l • k], k;) can be chosen to
give des ired c losed-loop dynam ics.

Simulation Res ults

Experimenta l Setup
The vit a l fact we present here is that
we have experimentally proved that
the mathematica l model that have
been derived above are acc urate
enough for controller wit h feedback
linearization to drive the system
properly.

Figure (2 ) shows the performance of
the tota l controller for reve rse motion
of the tracto r trai ler system.
Simulation results show that the
con troller has large region of
attraction un less the system was jack
knife com plete ly and if sensors can
see the path as shown in the figure

tan a =

(2)
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Figure (3) shows the experimental
prototype which was used to
implement the co ntro llers . The
prototype was successful
maneuvering In the auto nomou s
mode.

In the prototype we tested both four­
bar mech anism (F ig.3.a ) and
differential syste m (Fig.3.b) for
steering and observed that with
di ffe rential system respon sive region
of controller is greater than with four­
bar mechanism. A lso the controller
performed quite satisfactori ly even in
the prese nce of con siderabl e sl ip since
the con troller developmen t based in
the arc length domain .
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Discussion
This study poses several challenges
wit h respect to control des ign and
implementation as the Tractor-Trai ler
mobile robot is an under actu ated
natural ly unstable non linear system
in its reverse movement. The
developed controller is wor king fine
with a n a rbitrary trajecto ry as well.

For trajectory sensing we have used
IR sensors. It could he do ne using
vision syste m more acc urate ly. The
syste m is co ntro lled by Microchip
PIC microcontroller. Interface circui­
try was ca refully chosen to guarantee
noisefree reliable operation. Video of
testing ca n be found at www.
youtube,com/watch"v-Cj ecUJj hcDo
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Figure 2. MatLab simulation. Left :
tracking the -x-axis with initial
angle is 1r/4 and initial y-offset is ­
7.5. Right: tracking the sinu soidal
path with initial angle is /Cf4 and
initial (x, y)-ofTset is (-2.-2).

During testing of the prototy pe. it was
noted that the feedback linearization
technique has resulted in enhanced
performance in both forward and
reverse move me nts.

Conclusion
The contro ller obtained for line
tracking of the tractor-trailer mobile
robot in equ ations ( I) using feedback
linearization tec hnique shows larger
region of attraction and hence it can
be identi fied as one of the besl
met hod for similar kind ofdes ign.
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