hypothesize

X1 Xo X3 X4 X5 Xg X7 Xg X9 X1

random 'ix P(X1)  weight hypotheses
poses iy | S uniformly
h 2 N N ~
/ N L’
' g N XqXpXgXyX5Xg X7 XgXgXqg X
N\
\ evaluate likelihood
’
X4 P(z4]x,) <
X7 X8 “high”
o ‘Xm L

“IOW” —| I
?X1 X; XoX3X4 X5 Xg X7 XgXgXqg X

X3s \

J normalize

l, Xg Xq »

o \ P(x412,) — P(zy]x,) / sum,(P(z,[x,))
5 Xg »_xlt L
g X2» rue

X1 Xo XXy X5 Xg X7 Xg XgXqg X




particle - X X3 X3 X4 X5 X5 X7 Xg X9 X1

hypotheses

P(x,)

X
Iy

A | T N

Xq XoX3X4 X5 Xg X7 XgXgXqg X

/ evaluate likelihood
P(z,]x,) »

“high”t
“IOW” —| I

X; XoX3X4 X5 Xg X7 XgXgXqg X

P(X[zy) « P(zy|x,) / sum,(P(z,[x,))

j/
a |
; X2 ~— e

/ R XX X3 Xy X5 Xg X7 XgXgX1g X




X1 Xo X3 X4 X5 Xg X7 Xg X9 X1

particle
hypotheses ¥ P(x,)
y
A T
g X4 Xy X3 X4 X5 Xg X7 Xg XgX1g X
\
’ J €valuate likelihood
X4 P(z,]x,)
X7 X8 “high” ’
? o ‘xm L
“IOW” —| I
?X1 X4 X5 X3 Xy X5 Xg X7 Xg XgXqg X
X35
N Xg Xq
| é {on,off} ? P(x,|z,) « P(z,|x,) / sum (P(z,|x,))
bumper\ L
® X rc
g Kige .
. // —_ XX X3 Xy X5 Xg X7 XgXgX1g X
blobfinder

v

{blob_rays} in blob coordinates



X1 X3 X3 X4 X5 Xg X7 Xg X9 X109

particle

hypotheses

y

ih

2,
X X
7? o ‘xm

X4

evaluate: similar?
bumper difference
low likelihood Q
- -~

N

P(x,)
X4 Xo X3 X4 X5 Xg X7 Xg XgXqg X
\
/ evaluate likelihood
P(z,|x,)

“high”t ;
“IOW” u H

X1 X5 X3 X4 X5 Xg X7 Xg Xg X1 X

Note: test for fiducial visibility
by raytracing and field of view

occluded

X5 =
X, @

v




X1 X3 X3 X4 X5 Xg X7 Xg X9 X109

particle |
hypotheses ¥ P(x,)
y
i ,
: >
g X4 Xy X3 X4 Xs X6 X7 XgXgXqg X
i \
/ evaluate likelihood
P(z,]x,) »
X7 X8 “highu
? T X1q
“IOW”
%1 X1 X X3X4 X5 X5 X7 XgXgXqg X
X35
evaluate: similar?
i 5 blob difference Xgq
) low likelihood ®
O P(x,lzy) — P(zylx;) | sum, (P(z,]x,)
L —1
o x
; \ WP o= B
L —_ XX X3 Xy X5 Xg X7 XgXgX1g X
A R
i i
i «




X1 Xo X3 X4 X5 Xg X7 Xg X9 X1

particle |
hypotheses P(x,)
y
n
X4 XoX3 X4 Xs Xg X7 XgXgXqg X
\
J €valuate likelihood
P(z,]x,) »
X7? “high”
“IOW” H H H
?X1 X; XoX3X4 X5 Xg X7 XgXgXqg X
evaluate: similar?
l, Xg blob slightly in view Xq
tR ¢ T, * P(X,f2,)  P(z,lx;) | Sum,(P(z;]x,)
L—
® %
- oS =,
L —_ XX X3 Xy X5 Xg X7 XgXgX1g X
D :
4/ i
Ih X




X1 Xo X3 X4 X5 Xg X7 Xg X9 X1

particle
hypotheses
y
ih
X4
X X
\ / & Ak,

 /

P(x,)

>

Xq XoX3X4 X5 Xg X7 XgXgXqg X

/ evaluate likelihood
| 2

P(z,[x,)
“high”

“low

X; XoX3X4 X5 Xg X7 XgXgXqg X

P(X[zy) « P(zy|x,) / sum,(P(z,[x,))

_ evajuate| simylar?
ly no/sensed difference Xg

1 high likelihoo

. il
X5
g X, / \\
/ R

A T~

D = /T
i i

I X

H
Xy Xo X3 X4 Xs Xg X7 XgXgXqg X



generate

random X
y

|
locations i

h

- Xy Xy X3 Xy X5 Xg X7 Xg Xg X1

P(x,)

=

~

N

N

N
= | >~

\

—1 —

P(z,[x,)
“high”t
“IOW”

P(X,|z;)

T weight uniformly

>

Xq XoX3X4 X5 Xg X7 XgXgXqg X

N\
\

\J

evaluate likelihood

e

X; XoX3X4 X5 Xg X7 XgXgXqg X

\

/ normalize

| 4

P(zyxy) / sum,(P(z4]x,))

L

e

X; XoX3X4 X5 Xg X7 XgXgXqg X



- Xy Xy X3 Xy X5 Xg X7 Xg Xg X1

particle
hypotheses P(x,)
iy - - weight uniformly
(REES Rl
/ N L’
I @ N X XoX3X4X5Xg X7 XgXg X X
N\
\ evaluate likelihood
’
Xy P(z,]x,) <
X7 X8 “high”
o ‘Xm L

“IOW” —| I
?X1 X; XoX3X4 X5 Xg X7 XgXgXqg X

X3s \

/ normalize sum

I, X Xg »

o ¢ P(x,/2,)  P(z;]x,) / sum,(P(z,[x,))
5 X »_xl L
g X2» rue

X4 Xo X3 Xy Xs Xs X7 XgXgXqg X




X7

P(X[zy) « P(zy|x,) / sum,(P(z,[x,))

“high”

“IOW”

UL,

X; XoX3X4 X5 Xg X7 XgXgXqg X

¢ == weight by importance:

~ ) normalized running sum

cumsum(P(x,]z;))/sum(P(x,|z,))

1

0

X; XoX3X4 X5 Xg X7 XgXgXqg X



cumsum(P(x,]z;))/sum(P(x,|z,))

rand(), N times

X1
’ X3s ol
"3 o || |t
e._§ |-
® x 0 0 X Xo Xa X4 Xe Xe X Xg Xg X X
5 o X 172737472576 M7 8719 ™MO0
= @ 0211022110
# resamples per hypothesis
g (i.e., particle importance)
I X



: X4 Xo X3 X4 X5 Xg X7 Xg XgX
particle . M2 R38Ry A5 R A7 g Rg 10 X4 Xo X3 X4 X5 Xg X7 Xg XgX1g

Ix i
hypotheses !y = e i); o
Ih 7 ~ i |
/
g add odometry with noise
|
\ s
X7 Xg




: X4 Xo X3 X4 X5 Xg X7 Xg XgX
particle . M2 R38Ry A5 R A7 g Rg 10 X4 Xo X3 X4 X5 Xg X7 Xg XgX1g

| .
hypotheses lx
I / ih
/ . e
g add odometry with noise
|
¥ ’x4 Note: odometry exists in “initial”
X4 Xg coordinates, extract delta in
? @’ d X10 “previous” coordinates




: X4 Xo X3 X4 X5 Xg X7 Xg XgX
particle . M2 R38Ry A5 R A7 g Rg 10 X4 Xo X3 X4 X5 Xg X7 Xg XgX1g

Ix i
hypotheses !y = e i); -
Ih ~ i |
g add odometry with noise
|
\ s
X7 Xg

x3s
the new x, < the old x, +
'y‘_ Xﬁ‘ ?X9 (A tnoise, A tnoise, Aptnoise)
o g 4
X5 .*, T
g .
‘>i :i the new x, « the old x, + (A, +noise, Ay+noise, A, Fnoise)
h X




: X4 Xo X3 X4 X5 Xg X7 Xg XgX
particle i 1222384 R5 86 A7 A5 A9 10 X4 Xo X3 X4 X5 Xg X7 Xg XgX1g

hypotheses ¥ »
Ih / o~ ih
/ o
g add odometry with noise
|
)
¥ ’x4
X7 Xg




particle - X X3 X3 Xy X5 X5 X7 Xg XgX1g

X1 X3 X3 X4 X5 Xg X7 Xg X9 X109

I .
hypotheses lx
!y « — ~ - |y !
Ih / \ Ih
/ ~N 21107221010
g S add odometry with noise
~
| o N
¥ \ evaluate likelihood
P(z,[x,) <
“high”t
@— ©OX,
@ x X4* “IOW” I I I q
. 7@ X, X4 X5 Xg X4 X5 Xg X7 Xg XgX1g X
Xg © ) \
_ / normalize sum
|
y
P(X1.521.,) < P(z,]x,) / sum (P(z,]x,))
Xad
g gy(m + Xtrue L
X1(3' — ———
X1 Xo XXy X5 Xg X7 Xg Xg Xqg X

v




X, ©

P(X1.5]21.5) < P(z,|X;) / sum,(P(z,]x,))

WLo__

X; XoX3X4 X5 Xg X7 XgXgXqg X

cumsum(P(X.,|Z;.,))/sum(P(X,.,|Z;.,))

X; XoX3 X4 X5 Xg X7 XgXgXqg X

Yme 312001201

# resamples per hypothesis



particle - X X3 X3 Xy X5 X5 X7 Xg XgX1g
hypotheses X
I
/
/ H
|
y |
"® X7
X Xs
o o' g P
Y,

Xtrue

v

X1 X3 X3 X4 X5 Xg X7 Xg X9 X109

0312001201

add odometry with noise



: X4 Xo X3 X4 X5 Xg X7 Xg XgX
particle . M2 R38Ry A5 R A7 g Rg 10 - XqXp X3 Xy X5 Xg X7 Xg Xg X1

hypotheses i); - — Iix
ih / i - ~ |:
Dol 0ol i

add odometry with noise

v

’

’

’
’/




particle - X X3 X3 Xy X5 X5 X7 Xg XgX1g

i - Xy Xy X3 Xy X5 Xg X7 Xg X9 X1
h th X ly
ypotheses ; - -
I ~
~ h
// N ol 20Dl -0
g S add odometry with noise
I N\
¥ \ evaluate likelihood
P(z5]x5) <
Xo @' || nigh
o 1
Xg e | “low L==== —
. X5 Xy Xo X3 Xy Xs Xs X7 XgXgXqg X
4
o <@ \
X7 » )(1‘ é J normalize sum
Iyl. "2 X @
] P(X1.321.3) < P(z5|X3) / sum,(P(z5]x5;))
g T I —— —

v

o X4 Xo X3 X4 X5 X5 X7 XgXgX1g X
|/




particle | X1 X X3 Xy X5 Xg X7 Xg XgXqg X4 Xo X3 X4 Xg Xg X7 Xg Xg X1
hypotheses X I,
yp Iy ; « — [ iy
ih / \ ~ ih
/ N 0312001201
g S add odometry with noise
I N\
¥ \ evaluate likelihood
P(z5[x5) <
Xg‘ “high”
Xe
“ r
Xg @ | | “ow === —_—
X5 X4 X5 X3 Xy X5 Xg X7 Xg XgXqg X
X4
o ® \
. X7 ‘ 1‘ ‘ J normalize sum
IVA. %2 . @
3

v

P(X1.321.3) < P(z5|X3) / sum,(P(z5]x5;))

I — ﬁ
X4 X5 X3 X4 X5 Xg X7 XgXgXqg X

X, @ At any Iteration, estimate pose

as max, mean, or robust mean



