Motion Models (cont)
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Odometry Model

bar indicates odometer coordinates

* Robot moves from <)_(, V,§> to <>_<', y‘,é'} .

* Odometry information _ :
Y U= <§rot1’ 5rot2 , 5trans>

5trans — \/()_(I_)_()2 + (y-_y)Z
S, =atan2 (y'-y,X'-X) -0

5rot2 = gl_e - 5rot1




Figure 5.9 Sampling from the odometry motion model, using the same parameters
as in Figure 5.8. Each diagram shows 500 samples.
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Odometry Motion Model

» the key to computing P(X, |U,, X._;) for the odometry
motion model is to remember that the robot has an internal
estimate of its pose
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Odometry Motion Model

» the key to computing P(X, |U,, X._;) for the odometry

motion model is to remember that the robot has an internal
estimate of its pose
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robot’s internal poses
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Odometry Motion Model

» the control vector is made up of the three motions made by
the robot
trans\

U, = ) rotl

\§rot2)
» use the robot’s internal pose estimates to compute the 0o

5trans = \/()_(l_)_()2 + (y'_y)z
o)

r

o = A2 (¥, X'~X) -

5rot2 — 5-_9 o 5rot1
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Odometry Motion Model

» use the true poses to compute the o

S vane = (X—=X)2 + (y'=y)?
rotl_atanz(y y X X) H

§ot2 — 9 9 5rot1

r

» as with the velocity motion model, we have to solve the
inverse kinematics problem here
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Odometry Motion Model

» recall the noise model

N

trans ~ Ctrans — 5t%ans+a4 (5roﬂ+5r20t2)
Orott = Orott =&, 52 1 ;
I’Otl I’Otl 051 5r20t1+052 5t2rans
Oro2 = Orot2 =€, 52 .

which makes it easy to compute the probabilities of observing
the differences in the 0

o2
prOb (5trans trans? 5trans

2
-I-CZ4 ( otl rotz))

o2
prOb( rot1  “rotl? 0(1 5 rotl + (ZZ é‘trans)
o2
prOb( rot2  “rot2? 0[1 §rot2 + 0‘2 é‘trans)
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Calculating the Posterior
Given x, X', and u

Algorithm motion_model_odometry(x,x’,u)

5trans — \/()—(I_)—()2 + (yl_y)z _
0,4 =atan2(y'-y,x'-x) -6 odometry values (u)
5rot2 — gl_é o é‘rotl

|

2

3

4,

5. Syans =/ (X=X)7 + (y'-y)?
6

7

8

9

5Arot1 =atan2 (y'-y, X'—x) — 0 > values of interest (x,x’)
5 .

rot2 — 0'—6 - 5rot1 A
prOb(5r0t1 rotl’ alaritl T &, 5t§ans) R
prOb(at 5t2rans + ay (5rit1 T 5rit2))

o2 o2
1 0. prOb (5rot2 rot2 , a15r0t2 + a25trans)

rans trans ’

1. return Pq Py P3



(a)

(b) (c)

Figure 5.8 The odometry motion model, for different noise parameter settings.
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Recap

» velocity motion model

control variables were linear velocity, angular velocity about ICC,
and final angular velocity about robot center

/X’\
X y

/
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Recap

» odometric motion model

control variables were derived from odometry

initial rotation, translation, final rotation

/x\
X1=|Y
N
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Recap

» for both models we assumed the control inputs U, were noisy

» the noise models were assumed to be zero-mean additive
with a specified variance

N

V V) (V
= |+

N

) Q 4

noise

noise

actual commanded noise
velocity  velocity

2 2
var(v,...) = oV + o,

var(m,...) = aV’ + o,

oise
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Recap

» for both models we assumed the control inputs U, were noisy

» the noise models were assumed to be zero-mean additive

with a specified variance

(Grus) (S [ G

trans trans rans,noise
é‘rotl = 5rot1 + 5rot1,noise
Ké‘rotz ) \5rot2 J 5rot2,noise)
actual commanded noise
motion motion

2
Var(5trans,noise) — 0!3 5

trans

. ;2 ;2
Var(&rotl,noise) T 0[1 rotl + 0[2 5

trans

. 2 2
Var(é‘rotz,noise) _ 0[1 5rot2 + 0[2 5

trans

2 2
+ 054 ( rotl + 5rot2)
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Recap

» for both models we studied how to derive p(X, |U,, X,_,)

given
Xi1 current pose
U, control input
X new pose

find the probability density that the new pose is generated by the
current pose and control input

» required inverting the motion model to compare the actual
with the commanded control parameters
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Recap

» for both models we studied how to sample from p(X, | U,, X,_;)

given
Xi1 current pose
U, control input

generate a random new pose X, consistent with the motion model

» sampling from p(X, |u,, X,_,) is often easier than calculating
p(x, |U,, X_,) directly because only the forward kinematics
are required
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