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Study on Extending Sensing Range of
Fiducial Marker using Tilt Camera

JARLZAFAFET
Kyon-Mo Yang', Jeonghoon Kwak?, Kap-Ho Seo’

Abstract: This paper studies the method to extend the sensing range of a fiducial maker using a tilt
camera. In the system that uses a fiducial marker to estimate their position on a map, the sensing range
of the marker is an important issue. Although there are markers around, a robot with a fixed camera
often misses nearby markers in the case that the viewing angle of the camera does not cover the
sensing range of the marker. If the robot adjusts the viewing angle of a camera by adjusting the position
information of the markers, this problem will be solved. The contribution of this paper is as follows. 1)
Structural considerations for the tilting module of cameras attached to robots. 2) Tilting module control
method considering the position of a marker and a robot. 3) Finally, verification of the differences in
the sensing range of markers between the proposed system and the previous system.
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[Fig. 1] General concept of proposed system
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[Fig. 2] Tilting module with marker recognition device
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[Fig. 3] Mobile robot with tilting module
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[Fig. 5] Coordinate system frame definition of robot and marker
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[Fig. 6] Calculation of robot position from stargazer
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[Fig. 7] Calculation of target angle of tilting module

[Fig. 8] Configuration of experimental environment

2 AT A Agks gRlal7] 18t
[Fig. 8]} o] HX= 7-7ko]) H}‘%ﬁi’iﬁrﬂ 3m=0lo] 1.5m
T2 2 30x30 cm @] IR7FH| 2} 1418w} & 370, 3 m HolRl
ARl 17] Z-4719] vpAE F23it) 52 SLAMS ©]
|3lo] HETke] A =g AL o] & 7|Hhe s AR
B 259 91X|E LIDARAINE o83t Q14shH, o] 5%
A2 vAE A ol TAIg

327 14 W9 HlaL

[Fig. 91 Shte] v thsto] 7] Al2sih Algtah
SEEEEETEREE

Alz=gle) npA RIS ks g

[Fig. 9] Robot position change on Cartographer SLAM
Previous method

Marker SRR MR
recognition

-3.327 -1.063 -1.117 -3.393

None
999 i
Robot position x (m)
Proposed method
Marker
recognition
-3.941 -0.321-0.321 -4.008
None - A— -
B RRNR N BAN AR RIA R BN 8RBT NL B RANARNI=RS 2 B A 2BARNTH
AGRENMASRBNMAGRYNNAeRaNnAGANTBRINYBRANNTERANTARAA
LI EL LR LR LE LD Q0PFFGQQQQ G ririgirininin N ai G ¥

Robot position x (m)

[Fig. 10] Marker recognition change depending on robot position
X-axis



$13}ed Cartographer SLAMS- AF8-315 ). 24t
R Ak Rl et

[Fig. 10]-> [Fig. 9]¢} 2ol 23to] o] &3}al & uff 259
o % $1A] Wste] ukE v Q14 -5 vekdith 2442 915
TE= 7)E Al AEolH, o= AlQkehs AlaEe] $1A]
st w2 vk Q14 firrolth {14 f= B A A
A ARk gto]Befejoll A Q14 Avtw FAE DS} 5214
vpA o] IS} ARS8z 7= deksigint 71 i o) v
12 9= 9227 molH Aljbsh= W2 9F3.65m 1.38
me] 212} He7h Sofuh= AE SRleqlth & w=itoll A wt
7 QIAHSIAILE Al Cartographer SLAM% 12| Zol] o3 2t
AE= 25 91A 14 eak= et

2 0.2 m/s9)

3.3 A= 214 E vlA 71A) &)

M A4 v e] 7paak AlzEle] )5S SelE]
18te] 23] 3o A X1H 472 npA thsle] 02 m/sE =
P& Faysin] 9y wEe) 2hw stk A% ) vl A4 o
32 Bk

[Fig. 11]-& 230] 1213k A7} YA H #| o)l TA ==
AE1e] 2Astelth, SLAMYI Aol Q1A o7k A
W sh At o 2 AIE= Ale ool & 4 Slth

3.0m

D fmmimemodleooesim et s e e m e b e b s e -

[Fig. 11] Marker generation on map
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