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To be addressed

Plane feature and projective shadow based SLAM

• Motivation
• related work of plane based SLAM
• common problems

• PFPS-SLAM framework
• Map representation
• Pose estimation
• Loop closing
• Map optimization
• Map update



Motivation

related work

• Exploring High-Level Plane Primitives for Indoor 3D
Reconstruction with a Hand-held RGB-D Camera, ACCV, 2013.
[M. Dou, 2013]

• Dense Planar SLAM, ISMAR, 2014. [R. Salas-Moreno, 2014]

• Simultaneous Localization and Mapping with Infinite Planes,
ICRA, 2015. [M. Kaess, 2015]

• CPA-SLAM: Consistent Plane-Model Alignment for Direct
RGB-D SLAM, ICRA, 2016. [L. Ma, 2016]

• Pop-up SLAM: Semantic Monocular Plane SLAM for Low-texture
Environments, IROS, 2016. [S. Yang, 2016]



Motivation

common problems

• loop closing

• either based on other features or GPU



PFPS-SLAM

Map representation

• Plane feature set
{

GPi
}

i=1,...,N

• For each GPi

• planes

• plane parameters [M. Kaess, 2015]
Gπππ i = [Gπi1,

Gπi2,
Gπi3,

Gπi4]
T ∈ P3

• plane center Gpπi

• plane size sπi

• points on plane
{Gpi

k
}

• salient points
{

Gpi
sj,

Gai
sj,(w

i
sj)
}



PFPS-SLAM

Map representation

• Determination of Gai
sj

• Measurement
• Pixel coordinate u = [u,v]T

• Depth map D(u)
• Intensity map I(u)

• Ray casting
• D(u)u̇ = Kp, u̇ = [u,1]T

• define

λλλ (u) = K−1u̇ =
p

D(u)
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PFPS-SLAM
Map representation

• Determination of Gai
sj

• Depth filter (in camera frame)

δ (u)=
1
N ∑

v∈N(u)
[D(u+ v)−D(u)]

δ (u)

{
< 0 if p′s
> 0 if p′′s

• in global frame

G
λλλ (u) = Tgc ·λλλ (u)

Gas =
G

λλλ (u) ·δ (u)

• Gas satisfies

Gp′s =
Gps +

Gas
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PFPS-SLAM

Pose estimation

• projective data association [Y. Chen, 1992]
• for a point rps in reference frame
• transform it into the current frame
• if raT

s
rn > 0

cps = µ
(c

π, cp′s
)
· cp′s

= µ
(c

π,Tcr
(rp′s

))
·Tcr

(rp′s
)

= µ (c
π,Tcr (

rps +
ras)) ·Tcr (

rps +
ras)

with
µ(π,p′s) =

d
nT(p′s)

• if raT
s

rn < 0

cps = Tcr (
rps)

Z

X

O

Z

X

O{ }ref { }cur

( )r c r

sp
c

sp

ru cu

crT

c

sa
r

sa

' ( ' )r c

s sp p



PFPS-SLAM

Pose estimation

• projective data association
• projecting cps onto the image

frame yields

cu =
1
Z

K · cps

• measured point in current
frame at pixel cu is

cpp = Dc(
cu)K−1cu̇
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PFPS-SLAM

Pose estimation

• projective data association
• where the point cpp locates

• on the plane cπ corresponding to rπ

• not on the plane

• cost function

ε =


∥∥cpp− cps

∥∥2
2 if

∣∣∣cpT
p

c
π

∣∣∣≤ th∥∥cpp− cps− cas
∥∥2

2 if
∣∣∣cpT

p
c
π

∣∣∣> th
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PFPS-SLAM

Loop closing (small loops)

• formulation
• for k-th frame
• given Dk(u), Tgk and

{GPi
}

i=1,...,N
• using plane centers and sizes to determine which planes in the

map could be measured by the k-th frame

• suppose
{

GPl
}

l=1,...,L could be measured

• build plane correspondences
{GPm,

KPm
}

m=1,...,M



PFPS-SLAM
Loop closing (small loops)

• for each salient point Gpm
sj on GPm

• if Gam
sj

T Gnm > 0

Kpm
sj = µ

(
K

πm,T−1
gk

(
Gpm

sj +
Gam

sj

))
·T−1

gk

(
Gpm

sj +
Gam

sj

)
• if Gam

sj
T Gnm < 0

Kpm
sj = T−1

gk

(
Gpm

sj

)
• project Kpm

sj onto the image plane
• the projected pixel coordinates are

Ku =
1
Z

K ·Kpm
sj

• measured point in current frame at pixel Ku is

cpm
pj = Dk(

Ku)K−1K u̇



PFPS-SLAM

Loop closing (small loops)

• cost function

εm =


∥∥Kpm

pj−Kpm
sj
∥∥2

2 if
∣∣Kpm

pj
T K

π
∣∣≤ th∥∥Kpm

pj−Kpm
sj−Kam

sj
∥∥2

2 if
∣∣Kpm

pj
T K

π
∣∣> th



PFPS-SLAM

Loop closing (global)

• formulation
• local loop closing

• for k-th frame
• given Dk(u),

{GPi
}

i=1,...,N , Tgk

• global loop closing
• for k-th frame
• given Dk(u),

{GPi
}

i=1,...,N

•



PFPS-SLAM

Map optimization

• plane features and projective shadows based bundle adjustment

• edge error definition
• plane parameters

εp =
∥∥∥h(G

πi,Tgk)	K
πi

∥∥∥2

with 	 represents the difference in tangent space [M. Kaess, 2015]

• salient points

εs =
∣∣∣(Gpi

sj

)
T
(

Gni

)∣∣∣+ ∣∣∣Gai
sj×

(
tgk−Gpi

sj

)∣∣∣



PFPS-SLAM

Map update (plane fusion)

•
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