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Model-Based Plane Detection in Disparity Space
Using Surface Partitioning

Hong-joon Ha' - Chang-hun Lee™

ABSTRACT

We propose a novel plane detection in disparity space and evaluate its performance. Our method simplifies and makes scenes in
disparity space easily dealt with by approximating various surfaces as planes. Moreover, the approximated planes can be represented in the
same size as in the real world, and can be employed for obstacle detection and camera pose estimation. Using a stereo matching
technique, our method first creates a disparity image which consists of binocular disparity values at xy-coordinates in the image. Slants of
disparity values are estimated by exploiting a line simplification algorithm which allows our method to reflect global changes against x or
y axis. According to pairs of x and y slants, we label the disparity image. 4-connected disparities with the same label are grouped, on
which least squared model estimates plane parameters. N plane models with the largest group of disparity values which satisfy their plane
parameters are chosen. We quantitatively and qualitatively evaluate our plane detection. The result shows 97.9%%} 86.6% of quality in our
experiment respectively on cones and cylinders. Proposed method excellently extracts planes from Middlebury and KITTI dataset which are
typically used for evaluation of stereo matching algorithms.

Keywords : Plane Detection, Disparity Space, Stereo Matching, Line Simplification
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Fig. 2. Horizontally Inclined Plane(a) has a Surface Slant(+, 0)
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Fig. 3. This Figure lllustrates Line Simplification. Two Basic
Keeps the Slant of the Following Line.

Operations are Shown as (a) and (b). Each Disparity Pixel
has Its Start-shaped Parent in (a)(b)(c)(d). Every Parent

A A AE RS ol

[

o] el 9

o



®)

|d($+ﬂy)— d(fan)— h(xay>7—| <e

(2015. 10)

=

[kl

= A0

M4

054
S =

E0]=]

=

201 =

=R/ ZER

=]

=1
=

HMEME
Fig. 3& o]

468

e WMME M "o R o b o %o
ﬁﬂﬁw]ﬂ Wﬂ%mmﬂ%ﬂ@oﬁeﬂ
SNSRI " . WX = w
KK o H < g m M E !
— o i 3 OMEES
i ~ . Tod o U]ﬂdg =
ET EE "o =) 1:1_3 TR T
W Ea X2 o) o0 ¢ Xdl
VRS T~ BT LoIpa
— i [ Mf_l o) _ =T SN M - oal=2p aue|d
= H_.mgT S e T m®H [
s B g o M o B o AT W . .
~ o =T N o ™ o R — %O oo ] X
E TrIZOk R T B ' '
S _,Lom Ny 9 o ol N K| .B%.&a% - ! “
| R T R W g T e N &, _ o 4 R
= CONENECNE | =B &g X ] - g = _ n ! "
T b w B X w8 - E = |55 i & z gel | @
< N oy = B I H = o = BN oG a E - Eal =
= K g O ] A N E el 25 | | W 5 a0 2
= W oy NE — o N w4 oF oy NR & il o R e T . inm B
W o= =~ o= ! 1o =) N = L E [ il = .
| N X B Ew_dmm gD ; ||| ag = w P8 E > Z
—_ m O AT KT — ~ o %O =) = o o E| - I 4 & m B | i
= [ER—. — l £ Lo o < X 2y I (] 5 i a ol i ]
EN oy R & SO NG I Sl 4 ! o 5 i | @
+ I Tl - Y 4T E o - i 5 oh
= Lt.ﬂuen_rmA ofl < ﬂLlhOALLt <3 | th “
g LA E o F T 2o G- = \ |
E VT hey W O RTUx® oSowm . ;
~3 ) 0 o s o X lemﬂq,l - ’
= > F3 od W™ o] T oF e -
B mt = T oo B oz~ 9 —————
¥ _ Ko ¥ R Blwwsap2s?E
= B = ~ < BN Mrodo Toodo B = 7w O
A= B o < oEMﬂﬂmmoﬂ/M\%ﬂxlﬂ
T X Mo RN R N M M o o o
—_— ) o f il — - ~ .
HT o RN _E o mroh.nmb&i?%%_a W AR YL MNP HT AT Y PTE
Bl g ~ ETEE I u%%7%i N Do N U R TR o AR o =0
o %o N ol M T T = oo PR o R oo, oo © g - TR N e
T T b RUBR Eo Sk B e R AN S S I S
Ry 3T ° oz g dPdom N ) I I R R
= oy 7 (o B il o _om T I B
oﬂa%m«ﬂﬂw@wmué%%i%mE#Emoﬁcaaﬁegﬂ%ﬁﬁwm@r*u” %ﬂgwﬂo%%%%M%ﬂ%wx%.wxr&%ﬁ?
. ‘I\I,JlOH — —_ . . 0~ — o
%iﬁ%éﬁﬂ%%?%ﬁ?&ug.ﬂ]rxWm.mﬁﬂuovﬂmﬁ %%M%ﬂ%ﬂﬂgiﬂﬂﬁmmﬁwmixﬁ_.ﬂﬂhﬂﬂ
X b e = N X o iy g mr ) E W o g Mg oK o
Lo o Ny Do Xy R o oy = P —x 3 S E - B o & X o —
o xE O T oEs Y ORE o) o = o N o A#o»ﬂﬁ o) F o e T ox o owmoN W D= ,EOAT
T 8N o s W N R bl T go Nm L S o E S TR ~ o
I SN S U T S B RV o BHE PR w2 IR
_cugﬂgﬁ%ﬂM%Mﬂ@%M%W@W@%yﬂﬂﬂ ' WMEQMGLAﬁnL.m%%EﬂE ﬁ.%%%
~ . o ( o\l 0 = 3
P mm LR Ly RN e I pETol g~y BrFRg N gale s
T I L I T o B owm ol g N g BT e
gdrﬁmoﬁwrwmﬂ%iA mﬂ%%#mwr%m%%%wm ﬂ@ﬁoﬂ«&%urx%ﬂdﬁﬂ g %i%u%
= o 0| " < my - Bo =R — X = = T T oo = o = o —
eSS ~ v 2o o & ) B o TN W Kl ° L B o W T o ok o209 =
xT o o om0 Kooy ~— r o o o I K K B
%ﬁ¢%%%wwﬂ%mHM£ﬁwwwmwaﬁﬂﬂ Moy tan g BRTE N ENE Nadw
T N e DR il — £3 e g &) T 7 oy
B g g gy T o P T b b .Eiiwﬂdr.ﬁ oW ETEMwawmmohomﬂﬁoW
N ) et ™ OE X OE X~ gr ° < o ‘UI ._.wwm — .~ ﬂl -~ ) El = RO oy N A] <7 2 N
KawaPog  Predd s T8 bes O Tog D T Moo TR T B W
T g elad, BN T e S S T I e i S PR W
d_mﬁn.a%7ﬂbtp.mﬂn)zmdm%i&mﬂﬂ%ﬂﬂ%ﬂ%@ﬁﬂr%?ﬂﬂmmwﬁAthm.umuﬂLﬂﬂmﬂm%wm@W]aTM
B e e NS BB R B ] qﬂﬂuﬂd7ﬂeﬂﬁ%oﬂ£]].a% e N p
ooy R O om N K- — 7 o — T4 ! mu_uAloE o o Mo N — RN T mOAT o w oL B T
o L il = - =< 0 — AF ~ ol — — T
xau.]xrizriﬂﬂmwwyﬁﬁmoimooQM%%%%MLﬂ‘ﬂﬁawlﬂ&%w@uﬂb%o.7.%A%§mf§ﬁ§w_m
TR O NT W o M B O N N IR =l I - e
o 4 T O D N B RN oW ~ U T oo o R Pan_AIMM o A B Ltn.mdﬂr.zamwmﬂ_

Equation (5)¢} Equation (6)

Fig. 4. Plane Detection Flow



St ARISZHEOIAMSl 22 718 HAS 469

Fi

:

AL
Mot
o
=)
0

/  correctness
" completeness
¥

/ correctness
‘' completeness
¥

01 T " quality 01 g3 [ S /" quality
05 07 g 1.11 s N %07 g9 .
Maximum Difference Maximum Difference
(a) Planes (b) Cones
Shape Quality | Completeness |Correciness
Plane(1.0) 997%| 997% 100%
N Cone(1.0) 979%| 997% 98.1%
/ correciness Cylinder (0.9) | 86.6%|  91.1% 89.6%
0% -r-"-...r_r_T_ / completeness
01 03 . ST/ ity
03 o7 09 1 F
Maximum Difference
(c) Cylinders (b) Peaks of qualities

Fig. 5. Planes(a) are Perfectly Detected by out Method. Planar Surfaces are Accurately Detected on Cones(b) and Reasonably
extracted on Cylinder(c). (d) shows High Peaks of this Evaluation

Felzenszwalb[13]= 2 7FA] A2 7]&& 1gstd 2~ 5 sl 3 EY
HH o v oA Hold A5 §&4& Hole 1% 413
Gk S AeketiTh HAA AAAZEE OK)NA Ok) o] Ao A= Aoksl WHAZE W FaAel wrtel A
2 PrHer 4. £&402 5 (FactonE Ao AA H7E syt e Al disiA Equation (5)9F
ZH dry eT7gE 72as &

. e ]
(Gaussian Pyramid)® 4H8 7148 ol 48] WAA 424 Ze] eulgE B 158 LS Aot SRS B
A% GFAQE oled@ VEe e A% Aow  Zely] g8 BUnd 3 A 5007 AARE EFeA
el A sHEe HAL AEHEAE AkE Bael e #He J7eAT OpenCVE ol &a Alskd Pzl
Zol Wz JHs BAS AFIET Feok F 1% A 2 Brsr Q9 w0l b 26GHz% 8GB
sede Yol o) AHE AAFL GFE oA A wwels b2 Aol A GAOXAS0 2719 AAEL AAO
AAQ x4 V€7 F4, AAEA, 2H 2T dAE ¢ ZHE S A=) g8 HPFHoE 05% 225U
AYE Fg@eh 1 F FARDEE GANA ARASE o AYNLS nE ARFN BnelEe FYNTS T
& olgd Bud 2tzte mwle) WU FHAL o 4 egtov] Middebury 2R HOIHIGlNA AAELE A
9A 359 AURde wdRslE B b4 2L WUS  As) A% BT 329 Aol 288tk 1 A
Hegt B mRAE A49 PUe HAs] A8 2 dueze 447 FAF 248 OpenCVEACR o)A
29 gunde] 24 A delA b e Ak A AddEe wdeA %ol 2= A4s 348 A
& EFSE Nl BUe AU ofm ARG BUE W E g 2o 4% A0 5 A Aoz Auan
9% el £3 4 3 FRA A uy B AR
e Tgshs Bule] BE ARES HAbE 454 4 5.1 ZE @t
g g, ¥ ERoAE HeipkelITle] E24% 71%¢ 9757 9



(2015. 10)

1 AM10=

=
il

X4

=13
=

HOIH =

al
=

K/ 2EZERN

‘n;nz
[E——n

=)

I

dEMels

470

d7ksk st

E

How

==l
=

9]
7h A

bt

35

t}. Equation (7)~(9)

SAE HolE

7

d #

*

Fdeh A

5

)

Positive), TN(True Negative), FP(False Positive), FN(False

Negative)& 7t

1S o 97% ol
140271 1.05

&

o
el

ot

PSS

=

9|

1.0 o]

=
=)

J

&

3L
=

| o}

=

w Z}7F 97%9}F 86% 2]

o)

el

~

o

182271 1.0 0.9

[$

A
H

=

o] o}

wel 4

=
=

TP
TP+ FN

completeness

8

TP
TP+ FP

correctness

(a) Tsukuka () Tsukuba (GT) (c) Tsukuba (FBP)

9

_ P
© TP+ FP+FN

quality

S 2ol 3749

)

1

Sl
L

mw
i
1
e |
T
=
=
=
o
=
T
=
=
o
=
o
-
=
~ B
p HO
Ho©°
~NJ
wy X
ﬂl N
il
s
S
M i
ARy
—
92
00 <
] <
-y
N ofy
.
N <
-y
™R
o)
(Rl
5 M
o
BN

A 264709 Al

7

o
=

&

El9] oot}

gdlo]

)

<0

< AEol o

o
=

Aok vl WA

(g) KITTI 40-10

(h)KITTI 40-10 first plane (FBP)

Fig. 6. Pairs of Disparity Image and True Plane

(i) KITTI 40-10 second plane (FBP)

Fig. 7. (a)(d) Original Images in Middlebury Dataset (g)
Original Image in KITTI Dataset
(b)(c)(e)(f)(h)(i) are Planes Extracted from Ground

&

-6 @ 2AH(Maximum Difference)9t = ¥E g 1

=R

Fdch A delH o] Al

7}&

3

3

Truth and FBP Disparity Images



5 mt
A Ate FHAE UH
3 e WA dugF AT Bt AF
291 Middlebury[16] A& to]E e} z}E2ke] A}
e F2 AMEEE KITTI8]S] A3 EolEE o
o U $ A w 5180A Aol HY AHE nig
100 AAstsch Fig. 1) (e)e)f)2h 2ol Middlebury
1gdlole 5 AP AE3+9 3 (Ground Truth)¥} i
121 S HEBP)O 9)&l T3l AlAHE Poﬂ”‘jil‘%H 3
SetAl AEstAch. g A 2~
&30 KITTIE) 40-10 2adloleie E1 TS
h@)eh 2ol A& Y7 £2o] ANHS

&
N

ro
oo
MEo0x

o,

2

2,

2

re

2,

ir

o

o o

_0|L
r X
:\9

¢
rN
0

|

1%

(e3

[

S .
o

32 o

ol
)

£o§r>i‘llooh>°¥ﬂ°?0—.~
ru>Hﬂ
rd

ol ox Mo o J\-

oX, o rk

oy
oy
= rH‘
of g
2 2
Pt 2
I
>
R
=
1o
ﬁ
<0,
¢
Lo
o
1
of
ol
ol
"

N
(N
E o 4

£ N o

N
)
>

=

e

2 B
o
-0,
i,
o4
=
)
N g
lo
=51
E=

2

)11
o ™
o

oo
EL

Q

td

il
o,

¢

tlo
4o
e
_0|L

fd

>
b

o

o

)
=
i)
o

o

o3t

o,

s

<

W To
o,

=

o
oX,
2 o

)
EL
by
ri
QL
32
oo

-

P op

@ o &
o 4
E —
ol

ox,

)

o,

N

N

=

_>I:4

oxl 3
ot %~
>

R0

of

ox

o

Of

N

i
Y,
1o
o
re
tlo
4o
rif
p‘L
32
o
1B
> o
L)
foy
>,

At

e

>

>

of

ox

1o

o

o

&)

i3

(@x]
o AN o
rir a 2
off ot 4

m

o

Lo
K
o,
o,
o R
jabt)
e
=2
2,
o%
l

)
~
pasa
32
2
>
r O
)

EooE B e o of i o e ooy o
ol

o g
by
ri
lo,
ot
ol
(o
fru
o
e
tlo
k1

4
o

Tl
ot
1o
N
g
ro
N

ro,
R
e
—
i
ok

References

[1] J. A. Delmerico, Jason Corso, and P. David, “Boosting with
Stereo Features for Building Fagade Detection on Mobile
Platforms,” WNYIPW, Workshop on, 2010.

[2] Jason Corso, Darius Burschka, and Gregory Hager, “Direct
Plane Tracking in Stereo Images for Mobile Navigation,”
ICRA, IEEE Conference on, 2003.

[3] Gim Hee, F. Fraundorfer, and M. Pollefeys, “MAV visual
SLAM with Plane Constraint,” ICRA, IEEE Conference on,
2011.

[4] N. Molton, S. Se, J. M. Brady, D. Lee, and P. Probert, “A
Stereo vision—based aid for the visually impaired,” Image and
Vision Computing, Vol.16, No.4, 1998.

L0

=13
o=

o

0188 ANASZte0IMS 22 7|8t BHAS 471

H
AT

[5] Stephen Se and Michael Brady, “Ground plane estimation,
error analysis and applications,” Robotics and Autonomous
Systems, Vol.39, No.2, 2002.

[6] Vivek Pradeep, Gerard Medioni, and James Weiland,
“Piecewise Plana Modeling for Step Detection using Stereo
Vision,” Computer Vision Applications for the Visually
Impaired, IEEE Workshop on, 2008.

[7] E. Trucco, F. Isgro, and F. Bracch, “Plane Detection in
Disparity Space,” Visual Information Engineering, Conference
on, 2003.

[8] Stephen Se and Michael Brady, “Stereo vision-based obstacle
detection for partially sighted people,” ACCV, Conference on,
1998.

[9] N. Thakoor, Sungying Jung, and Jean Gao, “Real-time Planar
Surface Segmentation in Disparity Space,” CVPR, IEEE Con-
ference on, 2007.

[10] S.-T. Wu and M.R. Gonzales Marquez, “A non-self-intersection
Douglas—Peucker Algorithm,” SIBGRAPI, Conference on, 2003

[11] Paul S. Heckbert and Michael Garland, “Survey of Polygonal
Surface Simplification Algorithm,” SIGGRAPH, Course
Notes #25, 1997.

[12] James T. Todd, “The visual perception of 3D shape,” Trends
in Cognitive Sciences, Vol.8, No.3, pp.115-121, 2004.

[13] Pedro F. Felzenszwalb and Daniel P. Huttenlocher, “Efficient
Belief Propagation for Early Vision,” International Journal
of Computer Vision, Vol.70, No.1, pp.41-54, 2006.

[14] J. Sun, N. N. Zheng, and H. Y. Shum, “Stereo Matching
Using Belief Propagation,” Pattern Analysis and Machine
Intel-ligence, IEEE Transaction on, Vol.25, pp.787-800,
2003.

[15] Andreas Klaus, Mario Sormann, and Konrad Karner,
“Segment-Based Stereo Matching Using Belief Propagation
and a self-Adapting Dissimilarity Measure,” ICPR, IEEE
Conference on, 2006.

[16

=3

Daniel Scharstein and Richard Szeliski, “A taxonomy and
evaluation of dense two-frame stereo correspondence algo—
rithms,” International Journal of Computer Vision, Vol 47,
No.1, pp.7-42, 2002.

[17] C. Heipke, et al., “Evaluation of automatic road extraction,”
International Archives of Photogrammetry and Remote
Sensing, Conference on, Vol.32, Par.3-4W2, pp.151-160,
1997.

[18] Andreas Geiger, Philip Lenz, and Raquel Urtasun, “Are we

ready for Autonomous Driving? The KITTI Vision Benchmark

Suite,” CVPR, IEEE Conference on, 2012.



472 SEMEIES=2A/AZER0 R HOoIH &3 M4T M10=(2015. 10)

Al

-
o

5t & &
e-mail : greatsk@konkuk.ac.kr
2001 A=roistal 735 E 8t H(3HA})
2003 A=rostal 5 E E A A
20029 ~2007d #52=SWAEH A4
2008 ~2011 A=A & AdAT<
2003 ~3 A A=hdtul 7 5rE et

AR

o ARE A, AFA%, A= A28, LA 24

H

o & =

e-mail :
1977
19809
19934

19961 ~2002\ A

chlee@konkuk.ac.kr

A st Sshak(shap)

Faae) &9 Aarsk(AAD

BT3¢ ALY
Soet AuEALY

1980 ~& A A=iohstul e ok

g



