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Indoor Planar Modeling Using RGB-D Images
Meghdad Paknezhad & Mehdi Rezaeian”
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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(Figure-10): Output image of proposed merging algorithm
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(Figure-9) Merging algorithms flowchart
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(Figure-12): Time difference between K-Means algorithm and
proposed method
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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
clusters
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(Table-5): ICP algorithm on all points of consecutive frames
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(Figure-15): Output of ICP algorithm on all points
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(Figure-18) Output of the proposed segmentation algorithm
with a distance of 15
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(Figure-19): Output of the K-Means segmentation algorithm
with 419 clusters
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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-10): Comparison of ICP algorithm with different
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(Table-11): Comparison of the proposed algorithm with
different distances

ol | aam el ol Joo glas alols
(asl) | (anl) guiwashad | (o lw) | Loy
34288 14029 23 1
18462 8178 25 2
11934 5215 3.1 3
9021 3766 4 4
6796 2867 75 5

sla g Lzl by i ar (V) 5 Vo) sla s

slp bli plod (59, ICP o )65 L 1) (golpiig (g, Jow

olid Cuss o o Al slaalols Logs 8 £
.MO‘SA

ICP 2,530l 25,5 o Sy (VY 5 YY) sla JSa

020 g Alolb b g Jlgte o8 7Y (sl bl ples (59, |,

S oo Olis St dizs o

w3959 b goleiiion (095 12! o) A Lo (Ve JSC0)
Camdtd dozo 50 Alizeo gralold b o ,8 7Y 5l ICP

(Figure-20) Comparison of the running time of the proposed ¢
method with the ICP algorithm for 61 frames with different ‘U{j»‘,
distances in the first scene D
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(Table-12): Comparison of ICP algorithm with different
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(Table-13): Comparison of the proposed algorithm with
different distances
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(Figure-26): Comparison of the running time of the proposed
method with the ICP algorithm for 61 frames with different
distances in the second scene
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(Figure-23): Output of the ICP algorithm for 61 frames with
5 frames apart in the first scene
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(Figure-24): Output of the proposed algorithm for 61
consecutive frames in the first scene
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(Figure-25): Output of the proposed algorithm for 61 frames
with 5 frames apart in the first scene
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(Figure-29): Output of the ICP algorithm for 61 frames with 5
frames apart in the second scene
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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

ICP 5,65l 29,5 cud i (YO 5 VF) slo S
Pl el by Jlgto 0 37V sln ], bl ples 9,

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-01 ]

g. a3 oo (LS pgw o o
% 9y 2,88l (29,5 s Fa (TY 5 7F) o s
gU/. 3 5 oo 2,8 F) 6l VO (qwo il alols L) (oolpiiny
§'ﬁf’ RS (oo HLES pgs Ao 0 @ B0 5 T aloli b
S

YY ebe ¥ o)l VYaP Jlo

[D

abold b 3 7Y (sl oleiitn w2351 (o295 (V- US2)
P90 &oms )d w2 8 Ty
(Figure-31): Output of the proposed algorithm for 61 frames
with 5 frames apart in the second scene
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(Table-15): Comparison of the proposed algorithm with
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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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(Figure-35): Output of the ICP algorithm for 61 frames with 5
frames apart in the third scene

S 325 A 9 Sy — 0
rolal s oo las (F) IS8 lainy) a5 jsbles
posl (699,98 5l ealans,S Ges 3 RGB
@ (M) 5 () kly, bug Goe pyal wiine ooleiing
P pslal ol i e a5 o has (lakdi
A pgal Canss aiload ools Bl (Vg ¥V ) o IS

YY el ¥ o)l 1Yar Jlo



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

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-01 ]

- 10.29252/jsdp.14.3.143 ]

RGB-D »19Las )l odliiwl by JAIS sl louxo sldxuo () bw 3w

g2

~L

ooy b awslie ;o golgiiny g, a5 o e olid (VO
al WJ)S = alobs b Pow dowo O ‘) JM LQUQD- JCP

D20 oo yualS oo
aS e o plis goue m isw Jglas

lapt )5S & bgy e 4z el glml Hley i

Loy Jlge v, YO slp ool a5le Joo was o
Y Jow slas i A+ L FCM gaianks ol >
Lagé a5 Jl> 0 .0l a il YA A 6l >l oloj b e sl

7t 4 ol by Jlie pled 4 oo oy 4l ) T
dyzl log 5l ae,0 19,8 Koo )leds .l (gundakad
Rl S gy el ganaskd (Sl 4 by e
Ol 1038 oo el anlaB e 4y Laid | 058 10 o 565l
Goygods ) ganaahd glapl oSl St s Gl

5,5 ool g5 e GPU 51 1,2 (63ls
axio Milp 4 azg b oadolul addi 6,5 Sa

ol ooliztl BB lejen adii ags 5 (ol ali

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.

[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
conference on Computer Vision - Volume Part V,
Florence, Italy, 2012.

YY ebe ¥ o)l VYaP Jlo

K- ganades sla by, 50 (609,95 o fle K9 0 pleo]
slakts ol g RGB pgai oS 5 FCM 4 SOM means
S b oyae o5l 0 w9059 il Gl ol
N P L J-F L CVE PPN EV
039 ° b Rl slepyie Ol Ky 4 o JuSy
Lgdos wpo Sl 55, el
Gleaslad 51 (F) alal) b (gonaskd d> o 5l
axio eSde sabanld lapi, Sl 5l eael Cunsay
Gl 59y abll (BB Slasi e 39h 00 ool 5l
JEsl g e slam yile Caled ) 29 00 olgi Dlxio
bl (nl 59, ICP i ,68l 1yl Lasss i 8 95 2 (o
o3 i B plod 55, O lzl slra s adgs
Otlple 09d e a3l Gaman Joo (V) alal) Lo
Al oo @ e (Gumdn 4l CSlw g ralS ools pox>

waas oo lis goue bl (Asu Jslax 5 la S5
09wy (golgidon i, 40 oddolml Jue Cds oS
omaskad o ,o81 g 10yl Slaim (Sialy (gunanks
St s 4 Cumd S SR S85 5 S g0l
3,10 FCM 3 SOM K-Means  gasodigs>

YO (sl Joe sl (S et 4 alins 5
onaskd gzl 4 barye 5 e stle g (Jlgie o)
o ol e el ool cwedil alols U oolgiy
s a3l aoys TV sy

PV Gl s o Gl (5 Gl S s sl
Sl g el TV Jao slas b oo )o 03« Jlgte o 9
o sl VIO Jaw glaz b oo 10 Y Jlgie e sl 18
PV lp Sy RlB) i ped aizme Gl e
Gyt s ol B0 Jow sl b aoys OF o Jlgie o3
ol BY Joe gl b ooy ) o gt é ooy
PV Glp e Rl P pgm i sl ol
Gyt s ol BY Jow sllas b 0oy OF o Jlgie o3
ol O o sl b s yo 8Y ¢ Jlsze reé clopn 3
D alols b golpiing conaxkd gz 4y by o5 o

5 T0) o Jsis b (YF 5 YY) (gla IS annlia b
Golpin (g, coimled bl 5l as” cdl o les oo (VY
(V) IS8 Grizren ol (g2 0 Joo) ICP (g, 51 g0
g8 alold I8l L paas dixo j0 4T wao oo ylid
oy > Sy b RIBICP g5, sl
9 VF) ladgur annlio aiS o ol i (soloiinn


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

[ Downloaded from jsdp.rcisp.ac.ir on 2025-08-01 ]

[ DOI: 10.29252/jsdp.14.3.143 ]

2 Fn 9,093 213 Xl " g e 3 V7]
5 plesl Lilhe aldis (ga 0,5 5l eolitl b (S5
AYAF o ools g @Me 550 aloee o

[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.

,q Q’ by oy 0 Fu bl i bl

P ey SeelS cwap—

=4

3 seghan Ghgr g )l8le 5 slagial,S

Jlus o sledol oo i ol ils

laise; 0,5 3IVAF Jlo jo op o&Kasls 5 VYA

Lol pga (B310 g Fgmals (gl plial 4BMe 090

5l el Ole lagl Al Slas
packnezhad@stu.yazd.ac.ir

Gliss Gl o, sae
g BTH olSiils I gyl Sszb
1y og all (bl )5 S e g 03
(S yiSlg) Sy st AL,

r,,' TN 2y o syl ol oKl
axlys o olSisls 5l (SigiSUl) 5y o &XE,
Cid gae 5iSTed (59wl 00,5 A3 swsb (ol ia
Aoy ol 0 oBiily JannlS wiige 05,5 ole
ol omile gl Jels lisl e 8,50 ido

Sl S el g ygas
)l e gl Al 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]1 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. Niichter, 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. [-663-1-669
vol.1.

[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. IEEE/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 el ¥ o)l \Yar Jlo



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

