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KINEMATICS OF 16 DOF ROBOTIZED VEHICLE CHASSIS
M. Denk’, M. Sir”~

Summary: This paper deals with elaboration of a mathematicabdel of a
robotized chassis with sixteen degrees of freedidms model will be used for
setting of gear parameters, it will be a part ohtrol system, and it will be a base
for creation of a simulator in the future. The chiasis equipped with four arms
ended with wheels. Each arm has four degrees efdétmm. The kinematics is
solved within the range of location and speed wwitiximal observance of rolling
conditions between the wheels and the surface. Sonneations of the vehicle
basic motions which can be seen on internet pagesanclusion of the paper.

1. Introduction

The paper was written in the frame of the resegrofect ‘Optimalizace vlastnosti stibj
v interakci s pracovnimi procesy dovekeni and it deals with a robotized chassis for
social/medical applications with the aim to devedopevice enabling handicapped people and
laying patients to move on a rough surface.

This article describes an elaboration of a mathmalatnodel of a robotized chassis with
sixteen degrees of freedom. The model will be Ygefbr gear parameters setting, (ii) as a
part of the vehicle control system, and (iii) alsase for a vehicle simulator in the future. The
chassis is equipped with four axles made as legecnith wheels. Each axle has four
degrees of freedom. The kinematics is solved ferwéhicle position and velocity with the
observance of the rolling conditions between thesldand the surface.

2. Concept

In order to enable a user to move freely withouy &elp of another person both in
urbanized environment and outdoor, the concept Idhenable the robotized chassis to
perform at least the following maneuvers keepirgggdat in a horizontal position:

* motion both straightforward and in varying direction a flat and complicated terrain
as wall,

» the change of the chassis clearance height,

* motion on stairs of various parameters,
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* crossing an obstacle by stepping over,
» going through a narrow passage without a staldisg.

For these reasons, a configuration with four armsed with a wheel has been chosen.
The wheel is ball-shaped, because such wheel lga®d contact with a supporting surface
even if the rotation axis is greatly diverted frahe tangential plane. Each arm has four
degrees of freedom which are directly or indireabntrolled by separate electro motors.
Motions corresponding to these DOFs are markelddrig. 1.

Fig. 1: Degrees of Freedom

3. Coordinate systems

To describe possible motions of all the chassissp#rere were used twenty six different
coordinate systems - five of them were used foheade, four of them represent the position
of the joints between the axles and the chasses represents the vehicle chassis and the last
one belongs to the global reference frame.

In the Fig. 1, there is a demonstration of a cowmth systems group which belongs to the
i - th axle, the vehicle chassis and the global reterdrame. There is drawn each degree of
freedom and there are also position vectors detengnithe locations of the local coordinate
systems origins.

To describe the relations between all the chassits pextended transformation 4 x 4
matrices were used. For instance, transformatiomixrteansforming vectors described in the

i - th coordinate systerr(D,xD, yD,zD) into globalcoordinate syster(G,xG, ye, zG) is

iTGD = TGLiTLU iTUAiTABiTBCiTCD . or iTGD :iTGCiTCD . (1), (2)

4. Location

First, we put together a set of transformation égna determining the location of the
wheel centre, that means the location of the pdintin the (G,xG,yG,zG) using the
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(L’XL,yL’ZL)’ i(U,XU,yU'ZU), i(A,XA'yA'ZA)’ i(B'XB'yB'ZB)’ i(C,XC,yC,ZC), i(D,XD'yD,ZD)
coordinate systems
To=TeP Ty, i=1234. 3)
Secondly, we determine the position of the saheoint in (G,xG,yG,zG) using the
supporting surface unit normal vecter® andwheel radiug . The normal vector is erected
in the pointT (or more precisely ), which is the contact point between iheth wheel and

the supporting surface, see Fig. 2.

Fig. 2: Determination of the location centre of tinteeel

To=1C+rn®,i= 1,234, (4)
If the supporting surface is described by a funrcfi{xe, yG), the unit normal vecton®® is
I f(xG, yG)_
e
n® a f(x®,y° .
=10 e : , 1=1234. 5
i ‘ing‘ i a yG 11 3’ ( )
1

The equations (3) and (4) express position of #mespoint and therefore we can proceed
to the equality of the right - hand sides. This way get a set of 12 constraint equations for

all the wheels
T =18 +1,1%, i= 1234, ()
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5. Velocity

In the set of equations (6), there are 30 unknovret's assume 12 of them being
controlled by a vehicle manual directional contedtiditionally, the two spherical angles of
the (L,xL,yL,zL) frame are kept at zero values and the chassisadlea height is kept at

given value by a chassis horizontal position aut@meontrol system. This reduces the
number of unknowns to 15 in the equations setg46)there are 3 missing equations. These
equations are provided by the rolling conditions.

The rolling condition are written for the th wheel point of contact with the supporting
surface f (xG, yG). In the case of a perfect rolling of a ball - sb@ object, the velocity of the
contact point equals zero.

Consider the pointT with global extended position vector® to be a particle of the
wheel with local coordinate systeir(E,xE, yE,zE). Its local extended position vector is

=T 0, 1= 1234, (7)

and therefore its velocity expressed in global dowtes is
ivTG:iTGEiTEGiTTG, i=21234. (8)

Because the component ¢¥y in ,n° direction is identically equal to zero, the rajin
conditions

ve=0,i=1234 9)

give additional 4 X = 8 equations. But in the system (6) there afg 8requations missing.
So it is impossible in the kinematical model tdifutoncurrently rolling conditions at all the
wheels.

For this reason, we are using the rolling condgiapplied to two wheels only. For the
first wheel we expect a perfect rolling, which ggvievo additional constraint equations. The
second wheel can satisfy the rolling condition i@ alirection only, in the other direction (the
one of the wheel axis rotation) there is allowedlip. This gives the last constraint equation.

The third and the fourth wheel are considered motcompletely fulfill the rolling
conditions. In such a case they don't influence W#ehicle instantaneous position and
corresponding equations

TeO.FP= 8 +r,n%,i =34 (10)

can be split from the system (6) and solved seelgratfter the vehicle position has been
determined.

Finally, the vehicle position and velocity resulbrh the equations system made of 3 of 4
scalar equations

TEETEC 78 =0,i=12. (11)

and 6 scalar equations
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T P=r°+rn®i=12. (12)

Because of the term3 °, the rolling conditions (11) are first order diéatial equations and
complete system of constraint equations is algehtdiierential. In order to enable solution
using a standard integrating method, the equaiib2s must be replaced by these equations
differentiated by time as follows

TOP FP=FC 41 A% i =12 (13)

6. Solution

Under these conditions it is necessary to solveeta o nine first order nonlinear
differential equationsThis set ofdifferential equations has been solved using theerical
method of Runge - Kutta.

7. Results and discussion

Using the mathematical model, there were modeledenaus animations of vehicle basic
maneuvers on a flat or an undulated surface. Taeseations, illustrating the vehicle ability
to manage every complicated terrain, can be seen tha internet page
http://www.kmp.vslib.cz/lide/index.php?clovek=denkfg=cs

8. Conclusion

The created mathematical model of the vehicle ehdssematics will be extended with an
acceleration part in the future. This will enabteta compute all the forces and torgues in the
system that will be used to design engines andntemsion each part of the chassis. Such a
complete model will be also used to design a atrecand parameters of the vehicle control
system.
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