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Abstract

For autonomous navigation, map, pose tracking, and finding the shortest path are required.
Because there is no GPS signal in indoor environment, the current position should be
recognized in the 3D map by using image processing or something. In this paper, we explain 3D
map creation technology by using depth camera like Kinect and pose tracking in 3D map by
using 2D image taking from camera. In addition, the mechanism of avoiding obstacles is

discussed.
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Light Source Infraed
Field of View 32212?:;;70
Tilt Range 54 deg
Measurable Range 0.7~6m
Angular Resolution | 0.08 deg
Scan Time 33 msec/scan
Interface USB
Dimension 307*62*51mm
Weight 460g

4, 3XH A= ¥4

4.1, <125
32 A=s sy Aside 2" 29 2

o] elmx] §AH F=, SAH A, = AL

o] o]%ojzit},
ofwizxl 7wk 5HH  FFL ST
(Scale-Invariant ~ Feature = Transform), SURF

(Speed Up Robust Feature), ORB (ORiented
BRIEF)} 22 Thekgh 7| o] St o] s
oAl Well A nFF FHe e EUHE o}
e Bwoz HIde GPUSH d#AA Bt
WA AE 1 Uk B =RAAE ojnA
EAFS #7] 998 GPU-SURF[S] ¢1e&<
AR

142 - S12ZFA7Y

Imagel
Depthl

Image2
Depth2

Extract Image Features Extract Image Features

Match Image Features

Remove errors by
RANSAC

Refine Pose by ICP

OF 2 3R XNk MY duE|E

Sforstct. o]E & FEE
(RANdom SAmple Consensus) &8 F[9]S Al
g3t EZa3 RES AAIT RANSACS
4 wolzrt A 9E dHoHzREH 29 3
HHHE dSste WHoZ HA B dolH
FoA 29 sEteeE 2Ast=d 22 HAa
o] HolHE WHA MWE3IHA HEHOZ 3|

vlA Bt O 2 Pose Al4HE ICP(Iterative Closest
Points) 7]%€[9]& AH&SHth ICP= 44 1% 2
o] Xdt dojf Ate]9] xy(Eol A A
E)E HA3t Al7l= Posed AAFSIA €t o

AN BB A= A7 5% 31 £FL el



KA\\RI

i, N,#% Ny Zb7b 2l dole e ¥E
A2 etk ms dE 47 293 bl
B9 Mg gu|sith npzgto =z w; w2 o
5 Ui 1 52 00tk

Nm Ng

6
BR. = Y ) wijllm = ®d+ 0l ©

i=1 =1
A, o|m =] 7|§ke] 3xp w A Al T

Lap7E EAgn. o B

Loop ClosureE Fasfjokst 2 w=&As

g20  (General = Framework  for

Optimization) ¥i18]F S AHE-SHo}.

42. Pose MM

3k A& A Slo} M Fag FES
Ze s A2A717] A Poseoltt. Skl

El +%, RANSAC ¥ GICP= 2%
PoseE AAHsH7] 913t daie]Eo|th. Posed 7l
aet7] 98l F32 ¥WE 3E (Homogeneous
Transformation Matrix)& AH8-$tth. F 2 3ks)
e 2] 27 Zo] 4X4 PHolu I w3

&S FA 28 F Utk

o =
A58

O

n2xr

e I
rot
(]
i=}
)

o~
x

)
R t

<

0 0 0

32 AxE AN o ¢4 A WA =z
9] posew 4x4 THAEEZ Fi F WA xF
UFH 7+ 4l PoseE 4] 39 #Zo] FZ 35l
PoseS T3t}

1
P = an_l Py 8)
i=k

o|#A AAEHE Poses 7IA1 7+ ZHIE
AZsHA HE 32 A=E A4S & U
£ olu|x] X7 WS HEg AlE a84S

Hr N o

Hi3
Hi4

HLS
Hi6
& 4. 7| Pose Al g4

7 HolA vl go] 2E e A7 WA
o] AeelA L Posed AN He BAT}

AT

H = Hs*Ha*H3*H2*H1

H2 H3
—

-

H4

-

H5

3 —

2 4 5 6 |

2 H1
[2]=

%l 6. Pose HlAF 24

Korea Aerospace Research Institute + 143



K/I\R|

o
T AR, Rl HIA 9L el

FH37] 9l

Kinecte} Z2& FAS 7MW e &8s o
o mEgAy B =R E 4% JHgE 53

2k ATol A ARE e WS At}
sttt

22 oW Ao}k 32k A= s wf et
XzE A4sle A= Perspective-n-Point
Problem (PnP)2 <21A Utk PnPe 7}ve}e]
intrinsic gto] FAXRE W 7] X L F
F A=E Fotste WS Tooh v x=
Axbste dele 19 73 Zo] 3ad 24
o F A Pok P7t Zhviek AEA ket
W o= 7 0, 22 owA e 2
FAY z;9 o vee 4=t 2oe
< o] &3t wEHoR PE Ayt e F
S Zol Mg XZ(E T+ 4 U A
Holgs dF 277k SV
5 o83ty R

a

R 2 ot ox nf

)
RANSAC &1 T
Asta, 7 925 Fohol Bk,

o ol

s A

pi = XY Z, W)

O 70 FHEl fIRl = 2

2 =&)X= OpenCVAA A F3k= EPnP
o

(Efficient  Perspective-n-Point) 7| AH-8-3} o]

144 - 323TFTY

PnP EAE A3t da, 19 83 #o] Fiv

ANE ek & A

12| 8 2xtl Ol0|X|E Jx|T Flelat Z= AlA Ao}
(a) 2%k2l O[a|X| (b) FIHI2} E=0lM B2k 3xtel
X% &9 () Cl2 ZtzollM Bl2he Xt X|E 5t

o o

= N,
bt
rr
1y o

o
tlo
M
r\ﬂ
o
T
*

=
>
oo
i)
>~ ¥

3o

2 &

' oy
QL

M 4
ru{oé
o {0 % @

)

o
%,
}'J_‘
=2
i
o
& W
el
aul
i
rr
of
18
> FUIO
i
ol
Ml o oo
[

i
o
do g rr

)

%
fru
I
L
e
o
tilo
(€8]
N
rﬁ ‘lol'
N
)
>
ot
o
2
B
e >
oh
@ flo
v

Obstacle

. Obstacle




KA\\RI

A3l OctreeE AE3le] 1% 113 Zo| s}
2Ae syt

a3 10. o= EEHZ Y

38 11. OctreeE AL S 2t2ks) 2t 3

a Az a2 129 2o] 7+
HAd 425 44 25 7 A

7. AE® E1
71, ML 4
2 =EolA AEe 3A9d Az A4 2
2 Linux (Ubuntu 12.04)874 oA C++Z 7
=93, HUgE OpenSourceE AME-3le] 7)A|
e SEAAY. Y dHaLE MRPT (Mobile

Robot Programming Toolkit)[11]7} AH&-5

33k A= AE S8 PCL ghelBd[12]2
AH&-3 it
72. N¥ 23

A A oA £ "l TUM i3]

Computer Vision Group[13]o|4] A ¥ 3= Data
Sets 7HAL AP BT o IFdAMe=
Kinect® #4933 9% Bre 7 7idet A&
ghetsly] $1sl Al BE (Ground Truth)E A&
shar ol A9 A¥ T19 139 2] F7 10Cm
A= oAk WM AYdEs & F AT

-0.3 -
— ground truth
— estimated
=0.4 — difference
-0.5]
Epg
>
-0.7,
-0.8t
=025z 0.0 02 04 6 0.8
x [m]

% 13 44 HE vl

32 AE AL Y8 KinectE &-83) A8
s #9sian. &3 A7 a9 149 2o
AA A=gs AT F Ao 7 g9AE
FA8 2 A7 29 159 2tk

U

Korea Aerospace Research Institute * 145



——
ASP ke M1 Hes

a2l 15, Camera Trajectory

73. TAE A AHet

AF7bA AL wdds B 7R AR
AT AR w2

ool Maps B4 sh=
74§ Trackings X+ 4 2

o
o
FL A3 10m o1gel BEg ol Y= F
s

o
g9 A% 29 163 ol pafes
Tracking 4 1C7} PAE e B S
AQTh BA AT Bror we Fdsty] 93]
492 22 o oux wjF At =i
TrackingS ¥+ 7371 A4

£A, Aol A4S 17 173 ol ¢
QA7t wASAYG ¥ eAE Zols 9
Loop Closure ®41& AMg-3ta AN T3
2= o H3] Holsl

0,

&l 16. Trackingg =Xl= 4<%

. _
A% ¢ 5 At 24 zaiur on

= P 3 T TAEH
RawDataZ Q8] ZMstE Ao =
t}. E3] IR "olE 9 A 937} mo] H} Al 5}

| ﬂ:s}z] %o

A=

S 2

td o] SAAE

= B85t AE Hotsts Wl i) A3

stttk 2elal 3akd A= dedt A4S 5ol

BeR BAANA A2 Aelg ekt ol
el A% =olah ot

AT We 8 A A eAw e



.
’ —
2 /,/ I ‘
* -7 I — Estiyaw
A — s ety
5 1]
-2 ‘ \‘
- gL
™
A /\
7 T
AYA NS
— NS —Esti rol
P i . \ // X —Real roll
oA ~—
/ S
/ \7i

—Esti pitch
| Real pitch

& b b b

«
az
a3
s
ES

Al Xk FalS Q6 3D Map AN AIAH

/. —Estiy

—Realy

—Estiz
—Realz

1t 6-DOF 24t

g3 33Y ATE dA Edle A7 24 OpenCV Open Computer Vision
22 W49 3l ARE ol &3 +FAY A PnP Perspective-n-Point
F4 9 ZfE v F$ F7 AF7F 23tk EPnP Efficient Perspective-n-Point
MRPT  Moblie Robot Programming Toolkit

°Fk o M g2 PCL Point Cloud Library
GPS Global Positioning System S
3D 3 Dimension
SLAM  Simultaneous Localization And Mapping 1. Hugh D., Tim B., "Simultaneous Localization
SIFT Scale-Invariant Feature Transform and Mapping (SLAM): Part 1 The Essential
SURF  Speed Up Robust Feature Algorithm," Vol. 13, Issue 2, 2006, pp.
ORB ORiented BRIEF 99~110
BRIEF  Binary Robust Independent Elementary 2. Hugh D., Tim B., "Simultaneous Localization
RANSAC RANdom SAmple Consensus and Mapping (SLAM): Part II State Of The
ICP Iterative Closest Points Art," Vol. 13, Issue 3, 2006, pp. 108~117
GICP Generalized-ICP 3. William M., Ivan D. Jizhong X, "3D Indoor
g20 General Framework for Graph Optimization Mapping for Micro-UAVs Using Hybrid

Korea Aerospace Research Institute - 147



KARI

LSl Al P

Range Finders and Multi-Volume Occupancy
Grids," Robotics Science and System, 2010

. K. Kongolige, M. Agrawal, "Outdoor

mapping and navaigation using setero
vision," In Experimental Robotics, Vol. 39,
,2008, pp. 179~190.

. P. Henny, M. Krainin, "RGB-D Mapping:

Using Depth Cameras for Dense 3D
Modeling of Indoor Environments,"
International Symposium on Experimental
Robotics (ISER), 2010

. Jam S., Michal J., "3D with kinect," IEEE

ICCV, 2011, pp. 1154~1160.

. Chan-Soo Park, Sung-Wan Kim,

"Comparison of Plane Extraction
Performance wusing Laser Scanner and
Kinect," Ubiquitous Robots and Ambient
Intelligence, 2011, pp. 153~155.

. H. Bay, A. Ess, "SURF: Speeded Up Robust

Features,", Computer Vision and Image
Understanding, Vol. 110, No. 3, 2008, pp.
346~359.

. M. Fischeler, R. Bolles, "Random Sample

Consensus: A Paradigm for Model Fitting
with Applications to Image Analysis and
Automated  Cartography," Graphics and
Image Processing, Vol. 24, No. 6, 1981, pp.
381~395.

10. Paul J., Neil M., “A Method for Registration

of 3-D Shapes," Trans. of the PAAMI, Vol.
14, No. 2. pp. 239~256.

11. MRPT, "http://mrpt.org"
12. PCL, "http://pointclouds.org"
13. RGB-Dbenchmark, "http:/ /vision.in.tum.de/da

ta/ datasets/rgbd-dataset/ tools"

148 - S123Z7A 7Y



