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Indoor Planar Modeling Using RGB-D Images
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Dept. of Computer Engineering, Yazd University,Yazd, Iran

Abstract

In robotic applications and especially 3D map generation of indoor environments, analyzing RGB-D images
have become a key problem. The mapping problem is one of the most important problems in creating
autonomous mobile robots. Autonomous mobile robots are used in mine excavation, rescue missions in
collapsed buildings and even planets’ exploration. Furthermore, indoor mapping is beneficial in finding and
rescuing missions. With recent advances, mobile robots are used in hazardous missions such as radioactive
areas or collapsing buildings. Having the environment’s map beforehand can boost efficiency and
effectiveness of the mission. In order to digitize the environment, several 3D scans are needed. However, these
scans should be merged according to a global coordination system to create a correct, consistent model. This
process is called image registration. If the robot with 3D scanner is able to accurately localize itself, the
registration can be done directly by robots pose. However, due to imprecise robot sensors, self-localization is
error prone. Therefore, the geometric structure of overlapping 3D scans is considered. In order to registering
various points sets, Iterative Closest Point (ICP) algorithm is used. ICP is the most common approach to align
point clouds in two consecutive image frames. This algorithm uses a point to point approach. RGB and depth
images which are captured by Kinect are used in this study. In order to reducing data points and performing
faster 3D map creation, depth images are converted to point clouds and then segmentation is done according
to image planes. For this purpose RGB images are segmented by region growing segmentation algorithm. In
this algorithm, the image was initially over segmented. This algorithm uses stack data structure and Euclidean
distance in Lab color space to segment the image. Euclidean distance in Lab color space describes the
resemblance of two colors to each other. In this algorithm, the aim is to label each pixel to a segment. To this
end, each unlabeled pixels Euclidean distance to its neighboring mean color is checked to be within a
threshold. For over-segmentation, if the distance satisfies the smaller threshold, the more pixels will be merged
to the segment. Afterwards a plane was fit to each segment. After segmentation, each segment should be
represented by a plane. Eventually, the segments were merged based on the product of normal vectors and
plane fitting error criteria. After segmentation, planes were fit to the new segments again. A given number of
points were generated on the plane. ICP algorithm was executed on these points and transfer and rotation
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matrices were obtained. Generating points on the plane results in fewer points. Therefore, the points were
reduced and algorithms performance was increased. The results show that the proposed method increases the
speed up to 55 and 91 percent in consecutive and non-consecutive frames on average, respectively.

Keywords: Mapping Problem, RGB-D Images, Kinect sensor.
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(Figure-1): Kinects color image. From NYU dataset.
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(Figure-2): Kinects depth image. From NYU dataset.
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(Table-4): runtime segmentation using K-Means algorithm
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(Figure-13): The output of registered image for 5 frames.
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(Figure-16): Output of SOM segmentation algorithm with 90
neurons
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(Figure-17): Output of FCM segmentation algorithm with 90
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(Table-7): Comparison of proposed algorithms with a distance
of 15 and K-Means
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(Table-8): Comparison of proposed algorithms with a distance
of 20 and K-Means
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(Figure-21) Comparison of error model of the proposed

method with the ICP algorithm for 61 frames with different
distances in the first scene
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(Figure-22); Output of the ICP algorithm for 61 consecutive

frames in the first scene
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(Table-11): Comparison of the proposed algorithm with
different distances
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(Figure-23): Output of the ICP algorithm for 61 frames with
5 frames apart in the first scene

Salold b (goluiay i yo3! dunylio :(1 - Jgu)
sl

(Table-13): Comparison of the proposed algorithm with
different distances

RGB-D »39Las )l odliiwl by JAIS sl louxo sldxuo () bw e

ol | oanlalolby | Jue sles alold
(450) | (al) gusvaskad | (o ilw) B 55
17727 4396 45 1
9258 2600 43 2
6156 1727 5.5 3
4474 1135 5.8 4
3613 934 63 5

sz g Lzl ey s b (YY 5 Y9) sla S
sly bl ples (59, ICP o )6 ) (soleidon (g, Joo
Aipd oo Hlid pgd dimo jo aliske laalold b o ,8 £

oo 138 #V (6l oo loidion ity o5l (29,5 1(VF- JSC)

R [WIWE T VT VRS
o iy gl U] mde Wyl gt
NSRS SRt (Figure-24): Output of the proposed algorithm for 61

Pl consecutive frames in the first scene

Fiins

Fdivs X

Tiias

Thaos

iy A}

Yhoos

. &
o B 0 R

Bass '|=~—|:I—‘h"““"

o il

Downloaded from jsdp.rcisp.ac.ir at 10:18 +0330 on Saturday February 24th 2018

Calin 15t iyl
-
-

eI L golesuiioy g5 812l Gl A Lo :(YF - JSC)

aloli U o1 33 Y gl ooloinioy ms yoSIl (o2 55 (Y O— JSid)
9o s 53 ik sloaloli b g5 5 ol ICP 2 7Y Gl ol i yoNl (29,5 Jsi

MW)QM;A

. (Figure-26): Comparison of the running time of the proposed
U/ q method with the ICP algorithm for 61 frames with different (Figure-25): Output of the proposed algorithm for 61 frames
~L distances in the second scene with 5 frames apart in the first scene

YY ebe ¥ o)l VYaP Jlo


http://jsdp.rcisp.ac.ir/article-1-490-fa.html
http://dx.doi.org/10.29252/jsdp.14.3.143

[ DOI: 10.29252/jsdp.14.3.143 |

Downloaded from jsdp.rcisp.ac.ir at 10:18 +0330 on Saturday February 24th 2018

= alold b 8 7Y ¢l o ICP p.'i.g.)gil' <95 (YR- o)

P90 o 53 1y
(Figure-29): Output of the ICP algorithm for 61 frames with 5
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(Figure-27): Comparison of error model of the proposed
method with the ICP algorithm for 61 frames with different
distances in the second scene
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(Figure-30): Output of the proposed algorithm for 61
consecutive frames in the second scene
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(Figure-32): Comparison of the running time of the proposed

method with the ICP algorithm for 61 frames with different
distances in the third scene
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(Figure-33): Comparison of error model of the proposed
method with the ICP algorithm for 61 frames with different
distances in the third scene
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(Figure-36): Output of the proposed algorithm for 61
consecutive frames in the third scene
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(Figure-37): Output of the proposed algorithm for 61 frames
with 5 frames apart in the third scene
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(Figure-34): Output of the ICP algorithm for 61 consecutive
frames in the third scene
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frames apart in the third scene

S 325 A 9 Sy — 0
rolal wasee lis (F) S8 slainss, a5 jsblesn
ol ($99)9 ST l eatas S 3. 9 RGB
@ (M) 5 (O) kly, bug Goe pgal wiine oolpiin
2 pgkal pl cliga oS 0edie had slabas )l
A pgal Cands aiload ools Bl (Vg ¥V ) o IS0

YY ol ¥ oosled 1WAS L


http://jsdp.rcisp.ac.ir/article-1-490-fa.html
http://dx.doi.org/10.29252/jsdp.14.3.143

o9y b awolie ;o (eolpiiny g, a5 w00 LS (VO
PY oo g ol b pges aimo 5 1, Joo (slas ICP
D20 oo yualS ds o
S wms e ol g mls ke Jgla
o oS 4 bgyye aisi cole sl oy (o5 L
Olis () Jguz &5 jsbilen Jie (sly ol (ananks
Loy Jlge m,8 YO lyp ool aBle Joo oo o
Y Jow slas i A+ L FCM goianks gl >
Lagd oS Jl> 0 .0 )ls a il YA FA 6l >l oloj b e sl
5o @olerian gy Joie plad 4 by T a6V TN
iyl ol 5law ;0 A8 Koo ledy .ol (sapasks

[ DOI: 10.29252/jsdp.14.3.143 |

Rl S Grpey el ganankd (0,5 4 by e
Il S oo s ka3 40 @y LS ) 02y o 555!
Oygods |y ganankd glagh Sl 5t @ Sl
2,5 oolatl g3 oo GPU 1L 112! (55lse

axio Nl 4 az g b sadolnl alls 55 Sa
2SS S G ppa l Jols slabaii ) a
el olittl L5 lajem ik 4ng g iolSo alias

RGB-D »39Las )l odliiwl by JAIS sl louxo sldxuo () bw e

6- References &=l ¥

[1] S. Thrun, "Robotic mapping: a survey," in
Exploring artificial intelligence in the new
millennium, L. Gerhard and N. Bernhard, Eds., ed:
Morgan Kaufmann Publishers Inc., 2003, pp. 1-
35.

[2] V. HOGMAN, "Building a 3D map from RGB-D
sensors," Master dissertation, Dept. Computer
Science, Computer Vision and Active Perception
Laboratory Royal Institute of Technology (KTH),
Stockholm, Sweden, 2011.

[3] P. Vieira and R. Ventura, "Interactive mapping in
3D using RGB-D data,” IEEE International
Symposium on Safety Security and Rescue
Robotics (SSRR), 2012, pp. 1-6.

Downloaded from jsdp.rcisp.ac.ir at 10:18 +0330 on Saturday February 24th 2018

[4] P. Henry, M. Krainin, E. Herbst, X. Ren, and D.
Fox, "RGB-D Mapping: Using Depth Cameras for
Dense 3D Modeling of Indoor Environments," in
Experimental Robotics, ed: Springer Berlin
Heidelberg, 2010, pp. 477-491.

[5] N. Silberman, D. Hoiem, P. Kohli, and R. Fergus,

"Indoor segmentation and support inference from

RGBD images," in Proc. 12th European

U’ . 5 conference on Computer Vision - Volume Part V,
/J’ Florence, Italy, 2012.

YY ebe ¥ o)l VYaP Jlo

K- ganades sla by, 50 (689,59 o fle High 0 pleo]
slakss ol g RGB pgai oS 5 FCM 4 SOM means
S B e b s soms seibe ol e
ot Coadge 3l bl Cez g entislla
039 5° SlabE Rl slepyie Ol Ky a o JuSy
gl oo oo S5l 5SSl
Gleaslad 51 (F) alal; b (gonaskd d> o 51
Ao eSde (Godnkd slagh g5 5l eael Casoa
ol 9y abll (BB Slass e 39800 ool 5l
JET 5 55 6lo i le Calesyo 1055 co alss Dloxio
bl ol 59, ICP oo, sl bawgs e 2 99 52 (o
e e yp LS plos g5, O bzl slras ool o)y
Ol 258 g0 A3l saman Joo (1)) abal) bawgs
Al oo @yt G aldl Sl g alS osls pox>

A o L (goue bl iSu Jglax g o S
ogzuidy (golpidn g, 40 oddolml Juw cds oS
omaskad 02,681 (g 10yl Slaiz (Sialy gunanks
S, sl 4 S PR S35 g S g3kt
3,1 FCM 3 SOM K-Means  gasodig>

VO lp Jae sl (n S bl ags altass o
onaskd gzl 4 barye 5 e stle g (Jlgie o)
o ol s el 00l cwieldl bl b ol
b oo sl a3 TY Ce

PV Gl s o GR35 Gl S s sl
Sl g el VY Joo sllas b a0 03 Jlge 2
Sl Vil Jao gl b oo )0 AT Jlgie e slae 2
PV ln Sy IRl i ped aizme Gl o]
6l 5 el B0 o (gllas b sy OY o Jlsie o8
ol #F oo gl b oo o Y« Jlsie é (gl 3
PV Glp e B P pgm iz ol ool
6l 5 el BY oo gllas b aoys OF « Jlste o8
Fosile 0 Jow slhas b ows,0 Y« Jlgie e slops )8
D alols by ol samankss sl 4 by o a5 s

YD) sla S b (Y 5 YY) (sla St avlio |
Goloion iy, coimled bl 5l as” cdl o les oo (VY
() J5s (izmed ol (g2 30 Jo0) ICP (2, 5l 52
s ,8 alold ol8l L pans dimo j0 A wao oo ylid
Sy > Sy b GRIBHICP s, glas
9 V5 ladgazr annlio s ood ool i ool


http://jsdp.rcisp.ac.ir/article-1-490-fa.html
http://dx.doi.org/10.29252/jsdp.14.3.143

[ DOI: 10.29252/jsdp.14.3.143 |

Downloaded from jsdp.rcisp.ac.ir at 10:18 +0330 on Saturday February 24th 2018

JOpgECS 5)035_ £5?L~)~“>) M)ji” ;i.:." 9 > -9 [\9]
5 pleal ilye aladis (gos 05,5 5l eolil b (S5g
AYAY o ool g @5de (0310 5 ale " ounns

[16] Gh. Hossein poor, "A feature-based vehicle
tracking algorithm using hierarchical cluster
integration and division," in signal and data
Processing (JSDP), 1394.

[17] D. Girardeau-Montaut, "Cloudcompare, a 3D
point cloud and mesh processing free software,"
http://www.danielgm.net/cc (accessed
08.02.2016) 2011.

0

43_:;)).) ‘) Q5_‘>..\_~J)‘L5~JL._~J)K

P Ty TeealS iy

S

Shsegan Ghe g yl8le 5 slagil S

Jlu o sleaol olon i ol ils

laise; 0,5 3IVAF Lo jo op o&asls 5 VYA

Lol pgal (B31o g Fgals (gl plial 4BMle 0,90

5l el Sl byl A1, s
packnezhad@stu.yazd.ac.ir

Sless gl glilsey  gue
ovmgw ETH olfiils 51 (5 5l $4u8
o1y 0e3 al)l cwlis IS S 0w 5 00g
S Slg) (S (i 03

Ml N 2 ) o ln)lS g ol oKl
axlys o olKasls j (g xS 3y cwikige did,
Ciad gac a5 led (59 Cuwl 00,5 33| cweb il al
o) sl 0y olBiils FamalS widige 05,5 sole
Al ble (2l Jald Glil BMle 0)50 oLyl

Sl I a5 ygeas
)l e gl AT, e

mrezaeian@yazd.ac.ir

[6] C. Couprie, C. e. Farabet, L. Najman, and Y.
LeCun, "Indoor Semantic Segmentation using
depth information,", International Conference on
Learning Representations (ICLR2013), 2013.

[7] P. J. Besl and N. D. McKay, "A method for
registration of 3-D shapes," Pattern Analysis and
Machine Intelligence, IEEE Transactions on, vol.
14, pp. 239-256, 1992.

[8] A. Nichter, 3D Robotic Mapping: Springer-
Verlag Berlin Heidelberg, 2009.

[9TN. V. D. Hau, N. D. Thang, T. T. L. Anh, and T.
C. Hung, "Combined Plane and Point Registration
of Sequential Depth Images for Indoor
Localization " in Third International Conference
on Advances in Computing, Electronics and
Electrical Technology - CEET 2015, 2015, pp.
136-140.

[10] L. Tae-kyeong, L. Seungwook, L. Seongsoo, A.
Shounan, and O. Se-young, "Indoor mapping
using planes extracted from noisy RGB-D
sensors,” in Intelligent Robots and Systems
(IROS), 2012 IEEE/RSJ International
Conference on, 2012, pp. 1727-1733.

[11] W. Caihua, H. Tanahashi, H. Hirayu, Y. Niwa,
and K. Yamamoto, "Comparison of local plane
fitting methods for range data," in Computer
Vision and Pattern Recognition, 2001. CVPR
2001. Proceedings of the 2001 IEEE Computer
Society Conference on, 2001, pp. 1-663-1-669
vol.l.

[12] J. Poppinga, N. Vaskevicius, A. Birk, and K.
Pathak, = "Fast plane  detection and
polygonalization in noisy 3D range images," in
Intelligent Robots and Systems, 2008. IROS
2008. TIEEE/RSJ International Conference on,
2008, pp. 3378-3383.

[13] C. Erdogan, M. Paluri, and F. Dellaert, "Planar
Segmentation of RGBD Images Using Fast
Linear Fitting and Markov Chain Monte Carlo,"
in Proc. Ninth Conference on Computer and
Robot Vision, 2012.

[14] J. Strom, A. Richardson, and E. Olson, "Graph-
based segmentation for colored 3D laser point
clouds," in Intelligent Robots and Systems
(IROS), 2010 IEEE/RSJ International
Conference on, 2010, pp. 2131-2136.

[15] C. J. Taylor and A. Cowley, "Fast scene analysis
using image and range data," in Robotics and
Automation (ICRA), 2011 IEEE International

Conference on, 2011, pp. 3562-3567.

YY ol ¥ oosleis 1WAS Jl



http://jsdp.rcisp.ac.ir/article-1-490-fa.html
http://dx.doi.org/10.29252/jsdp.14.3.143

