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Time Optimal Trajectories for a Differential Drive
Robot

B. Bidabad; A. H. Zaeim
ABSTRACT

Robot control algorithms are divided into two stages, namely, trajectory planning and path tracking. In
this paper, we study trajectory planning for a differential drive robot, moving on a plane without obstacle
toward a fixed target. We consider the geometry of motion and find the compatible Lagrangian related to
this problem. We prove that the mentioned geometry is a generalization of Finsler geometry, named
Lagrange geometry. Hence, time optimal trajectories are the geodesics of this geometry. Finally, we give
a real world example of a differential drive robot. The differential equations of optimal path are found,
and the trajectory is plotted by the Maple program,.

KEYWORDS
Differential drive robot, geodesic, time optimal trajectories, Lagrangian, Lagrange equations.
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a[ 1]:=diff(Lx(0)[3]):
a[2]:=diff (L x(t){4]):
> forj from 1 to 2 do:
for i from 3 to 4 do:
for k from 1 to 2 do:
afjl:=subs(x(0)[i]=diff(x[i-2](t),1),alj]):
afjl:=subs(x(O)[k]=x[k](t),afj]):
od:
od:
od:
> E[1]:=diff(nrm(x(1)),x(t)[ 1])- diff(a[1],1):
E[2]:=diff(nrm(x(t)),x (t)[2])-diff(a[2],¢1):
> forj from 1 to 2 do:
for i from 3 to 4 do:
for k from 1 to 2 do:
Efjl:=subs(x()[k]=x[k](t),E[j]):
E[j]:=subs(x(t)[1]=diff(x{i-2](t),0),E[jD):
od:
od:
od:
> dsol:=dsolve({ E[1]=0,E[2]=0,x[1](0)=0
X[2J(0)=0,D[1])(0)=-2,D(x[2])(0)=1}
L{x[17(0),x[21(0) } ,numeric,method=rkf45
,output=listprocedure):
>c[1]:=subs(dsol,x[1](t))
c[2]:=subs(dsol,x[2](1)):
> TARGET:=pointplot([-1,101);
PATH:=plot({c[1](t),c[2](1),t=0..200]
,color=green,thickness=2);
display({ TARGET,PATH});
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> restart;
with(plots):
> nrm = proc(x)
x[3172+x[4172)/abs(x[3]*(-1-x[1]-
cos(arctan(x[4]/x[3D)+x[41*(10-x[2]-
sin{arctan(x[41/x[3]1)))*1.000001
end:
> L:=nrm(x(t)):
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