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WMR Kinematic model

Unicycle & Bicycle
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Unicycle Model

X YT
m [he configuration is described by g = | ¥ i
0 i
m Constraint: xsinf/ — ycosf) =0 fﬁ\r_, '9
m Pfaffian Form: A(q)g =0  with: J’r;“"‘i\ B S
{ A(q) = [sinf, —cosf, 0] S
T I
q = [Xa}f’;ﬁ] L_"_“:‘-: _____________ _3(

cos ! 0
Ker(A(q)) = span ([ sin @ ] , [ 0 ]) = Im(G(q))

0
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What is the difference between..... »

*
o,

Xr
Synchronized Drive Model Differential Drive Model
m Adjustable parallel wheels m Two wheels separately controlled
m Same inputs [v,w]” m A passive wheel for static support
m [x,y,0]" position of any chones m [x,y.0]" position of the wheelbase
point of the robot, robot orientation midpoint, robot orientation
¥ J"'T
i : :",zf'ﬁ:ﬂ }-i #‘- "'.-r_-r’# allﬁl
J"'r: : Lot
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Differential drive model

m Most popular unicycle type (kinematically equivalent)

m [wo independent coaxial wheels

m One or more passive castor wheels added for static
stability
m |t can rotate on the spot if wp = —wy are set

Khepera Il
(K-Team, EPFL) Sbhot (EPFL)

Y

Sentinel (iRobot)
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Differential drive final model

m Defining ¢

\
Model with inpu

right wheel speed
left wheel speed
wheelbase

wheel radius o

¥a

-
LY L -Twn
d ?\
"'d -
R ] A2

Wi

In the State Space
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Circular path of differential drive robot
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Bicycle Model

A bicycle is a vehicle having a caster (adjustable wheel) and a fixed wheel
with their rotation axes perpendicular to the longitudinal plane.

m [ he configuration is described

by: - L
X I \\H‘x"-‘ ;;r
_y : : h‘--“"‘ ! \¢r -
q — : k\ \_“\ !f _ -
%, . Y -
0 RN
L e i e o o '
. ._".. ,-.}- __.'\.."
m C = instantaneous center of Vo “’ P %
. [ -. L. *
rotation | N1y
[ Ty f_l
I AY ' |
|
| | |
| |
We consider only the case with it L Lo >
Xr Xf X

front-wheel drive
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Bicycle kinematic Model

System subject to two constraints, one for each wheel.

The point (xf, yr) represents the
Cartesian position of the contact
point between the front wheel and
the ground.

|
o

xgsin(0, + ¢,) — yrcos(0, +¢,) = 0
Xy sin (6,) — y, cos (6,) —

The points (x;, yr), (xf, yr) are related one to the other. Indeed:
.

xf — L cosf,
yfg — Lsinf,

Xr
Yr

Xf X, + L cosf,
vi = yr+Lsiné,

xgsin (6, +o,) —yecos (6, +¢,) =0
U
Xy sin (6 + ¢¢) — yrcos(0r + ¢r) — LB, cos ¢p =0
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Bicycle kinematic constraints

m [hen, the kinematic constraints of the bicycle are:

0

{ X, sin (6, + &,) — y, cos (6, + &,) — 0, cos ¢,
0

Xy sin(6,) — y, cos (6,)

In Pfaffian form

Alg) — sinf, — cos f, 0 0
(9) = sin(0, + ¢,) —cos(f, +¢,) —Lcosg, O

m [hen:
[ cosf,cosa, | T 0
sin 6, cos o, 0
Ker(A()) = span | | 10 oL | = mGg))
L 1
L 0 = - -
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m v: linear traction velocity

m w: angular velocity of the vehicle

Bicycle kinematic Model

- cosflycosq, |

sin @, cos ¢,
1.
— sin ¢,

L
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sin 6, cos ¢,
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Unicycle and Bicycle

m [he kinematic structure unicycle and bicycle are the most used and
widespread applications (especially industrial)

m Other kinematic structures are used for particular applications

m Kinematic models of more complex structures are obtained taking
into account the constraints introduced by each wheel
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Thanks

Think about wheels (number and type) you want to use when designinga WMR

ooooo
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