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About an Error Correcting Method
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Abstract:
location. Although the accuracy is not particularly high due to the influence of camera resolution,

A self-localization method using markers is one of the estimating methods for a robot

it is often used for estimation during movement because of its low error variance. Typically, the
camera is located facing forward on the robot, however the number of visible markers does not
change significantly during forward motion. Therefore, locating the camera to the side of the robot
could increase the number of visible markers. However, this may lead to increased camera blur
due to robot motion.

In the RoboCup Logistics League, ArUco markers are used, which have error correction capability
of one cell. This paper focuses on the horizontal blurring occurring during the movement of the
mobile robot and proposes a method to enhance error correction capability by using it only in the
horizontal direction. Through robot running experiments, we achieved a performance improvement
of sevenfold compared to when error correction was applied to the entire system.

WCHCE SN -E D MPS 12, BEREEIaR Y FHE
RubIn T FITHE T 2 0 E DS (K1) .

1 FLC®IC

HPUREEEMICE D THOA — b X —> 3 v{bh
A, KEEEREHEOR DO, ZEAEEEZIE
T, PEZMEOEERTANEBDED> TV, ki
REFEOBGEF U TIHTHET 2 720121%, 2Hk
EFESAVPRET S Z2IIRD, ZOI4 v ERN
ZHEOMEER, T4 VITHAMN T B 72D DERH DO
EEMREL 70 = VTR0 D 5.

D &SGR - 7- BEBEI0 Ry F OBECR
RrLTaRhy uaPR74 7RV =21, 2, 3, 4]
(RoboCup Logistics League: RCLL) 3% 3. Z®D
V—2TlE, 54V &2EYa—bLLES AT L %A
LTED, BEOMTEENFEIGCMTEY 2—L
B LI AT LAPHEBEINTWS., BT TR
L ZRHHATT 2 S EBOIMTEY 2 — L% #fE
HI 2R0END 570, EHRHAGDEEE X 20E
BHD. TNHIMTEY 2 —L% Module Production
System (MPS) &FEX. EPET S & MPS B THIT
DOWNEEZBILICHD. 74— REZT VXA

CHERSE AR T T (S

T 520-2194 BEERAGRATEEARILIMA 1-5

E-mail: wataru@rins.ryukoku.ac.jp

BEI e Ry PHETT 2B EH O EHEE DD
BWrind, HOMBEHEDHEO—2 LT —H—
ZRHW25EDH 5. KETIE MPS O~ — A —
DR SN TOWTHCMEHEEIES e TE 2D, Z
I MPS OfFfEE RT DD —H =1l oTW5,

~—Hh—ToOHIMEHEX, BEENO~—I—D
MEPOR—h—IIWNT2AEEL, v —h—DKEX
o= —FTOHMEEH TS, 2L T, ~—b—
DELDODHBDARZ -6 ID ZHEL, ~—H—
DEER FICANS. ZhoDERPSRY F D
EEHETZILATES. ZOLE, HEHRANDO~Y—

A —DAEPKRE S TH 2 Z s, B
NDED BN DRRENET 5. L L, RED

TN W7D EHMNZEHHTDH 5.

ZIT, INLDREDHERFEZ L. Ry FOD
FEREC S 2R (Ax, Ay) 1%, EfTRZDE L]
EIEEDEAE Y LTHAZ DT, MENIEDLL R,
—HT, BRy FOAEIIHT Z5E A0 X, EfTHE
B LER U TASR D FEAZE > & D72 & L THINL S 72D
MThs. INEMRTZ-0121F, HOEMEHER



X 1: RCLL OB THWS 72X 8oL i
#FHFX AR  Robotino

HETOQBEND . EfTHICHCMNEBEHELZT S &,
B U2 HRISEIT AN S 2 T U RET 3.

ZZT, IXTOWMHDMNIMELODNTEZS. 4
R~ —h—%HVTHIMBEHEZIT S I,
R—H—PRIZBENRD L. MPSIE7 4 — K EIZ
SURLMIEBINS 2D, aRy FORFEBICEET
% MPS O3 fERIZ—KTHS. LrL, EITRD
Ry MIRTHICEE R WK EEATWS DT,
o Ry METAIZET S MPS OOMiER IO FH &
Rz D75, 22T, ary b ORIEHICH X
FJEWMOMNICHCONBHE T 2562 ETS. 2
D x, EITRHICHAE T 2 IREEIRD 7 VT EA K
HAZEL I eEZILNS.

KETWE ArUco v —h—%2fHHLTED, 2156
T —H—DHEBARR—F NI v IHEED 3 DLEREN
TW377H, 1 vADRD I T 2T IEREN Z2Hi- T
W3 (K22 . chud, HEARZ—-V2RHT
ZEIERENITH 553, AW TIE, KFEBENT T LA
AT ZWFEHL, KEAMO~ZBIZN L TETIE
RENZHEHT 2 HEZRET 5. Zhuckd, 2k
X5 BETIERES) & D SR NRETIERE I 2 H5D Z e 23
&3, BERoRy boETHICY—h — RIRY
L, TERDFEE X7 OFRGE T L Uiz 17 5.

H2ETIX, ArUco v—H—e NIV IFFRIZOWV
THHL, EfTHhie~—h—%FZ LzBcET 20
BRI OWTEAT 3. 53 & TR, Effho7vy

X 2: RCLL THW3 MPS & 23Uzl b 1372 ArUco
~—J—

<= —DKEFMNIHEET S Z 2 IWHFEHL, ArUco
<= — DT HIAORHE RN, TN 58D
SIERERIERT 5. $HA4FETIE, KERTHEOMRE
ZIHMEiT 372002, EEICaRy FEETIETLR
BT BEBUTHT 2 X7 OBHMEN ERET S, £ L
T, BHETAHEDZ L SHOEBICONWTHR
3.

2 ArUcoV¥—Hh—tiRDETIEREN
2.1 ArUco~¥—h—

ArUco v —H—1F, Z XN —a—FO—FTH
5. v—H—DHFDZABIER—H 4 ZDIEFFDA
Yo TED, ZOHEDRRZ—URRIES L IIG
T5E5BoTWVWE. HEDORRZ—-VIF, 5x5~
ZDREFRICBWTETOMITH LT v D
3LLEIC 2 e Bz Lz 1024 DX — > D
& (DICT_ARUCO_ORIGINAL) #XR—Z¥2 LTW3
[5,6,7). ZOEBEICICNRR =Y DH A X%EZTD,
BEDFTIEREN R EZ 2D LIz kR — U AR L CThE#E
LLTZB E51ICLTWa. A% TIE, R—ZT
H2%5x5~<AD DICT_ARUCO_ORIGINAL % 5
3 5.



2.2 NIVIFE

HBHFFEH Yy bDOIRDETIEREN ZH2 791213,
ETOFSHE DI > ZHERED 2n + 1 DL b 72 2 005
P %. DICT_ARUCO_ORIGINAL O~ — % —TIZ,
BN VD 3 TH B 72, 1 < ADFAD TN
LTIELWY RADIERICETIET 2 Z e DARETH 5.

2.3 ETHPRICEELEY—H—

BERX Ry FET LD S ArUco v — 1 — %k
Erae, ETAHMITLAEL, ~AHOHRRM
WL T 5.

aRy hORIECH X 7 2T T 5E KRR (3T
HIED) DTLPEL B ZeIlkhb. £z, 7ULHEL
ZEBOBEE, HAITEITELIZDOTIERL, &
TOITTHEC LS TUHIEL 2720, EE#HIEL
52 E I 1 RAPITTRAMTOBUCIG . THERZIY
LZAEBEZ L. ZORD, 1ADDM FTIERE
TIEXEDHL {72 5.

ZZTAMETE I UPEL 2 AAENCERL, 28
ZROITICH L CRRDETIERE N 2S5 22T, 207
L OREOREE HiET.

3 1TICN T BRDETEREDRE

ETHICHRE L7 ArtUco < —H—D 7 LI LT,
KNSR ETIERITS 22T, ETHDO 7 LITHE
W — b —MHIFEERET 5. BRI, ArUco
T —H— BRI LTI VIR ERHET 20T
2L, LATF 2 LT 2 v ZHEEEDS T O IEZ DY
BICE X R 2 TR RET 5.

%79, ArUco v —H—THHLNTWVWAHFEIZONT
PFRB. BITTHEDLRTVWS 5y FORFEARZ— 1T,
10111, 10000, 01110, 01001 D 4 & —> DA TH 3.
ZDANRE—=VTHITORS2ED L, 4° =1,024 @D
B2 Z e TE, ZHUud DICT_ARUCO_ORIGINAL
DRE—=VEe =T 5.

ZDARR—VEDNI U IHEZ3 L 4THD, &
N U THRERE 3 TH B, —HT, 4 L RBHAED
BIFEET DD, REX—VITEk->TWE2E¥ Y b
DD ZMETEA0[REMEZFF o TWA Z e b b.

B Ll —2—%2/5bL, Zh2hofficsL
TERLADDHB DN VIR EZ 5. ZL T,
—H/NI VBN VB EEZ 52T, #
DETIEDERTE 3.

ZDBFE, FITTIEY POBDEFTIETE 3729,
HARTHEY POEDZFTIETE 22 ICRkD, ZOD
RRITERD 5 (5 DETIERE N 2RO Z 21T 5.

MPS

AnkeT—=N—

EEEE1.5 m

robotinoDEITZ 1 >

3. BEHIR AR v b robotino € MPS IZA D DT/
< —h— ¥ OHE R

4: FAT LB HIRE L EH

4 FETHRDY—H—RHEHEmELR
4.1 HERFZE

TR D ETIER1TS & T, ETHD~—5—DiR
BENENSBVWEDLEEFANRS. ArUco v —7H—
% MPS O /AL THIE A 5 1& 50cm DALE I HE
T35, BRY MIIEEE 50cm DMEICH A Z7 L LT
Logicool ##d €920 ZH D {132 (K1ZH). vRy
MIZANFBERIEER Ry b T, Festo 21D Robotino
3EHWVWA. v Ry MIMPS 25 1.5m Bz 25
% MPS X UTHEATICET L, I X FIEETAMEIC
R LT 90 M Z MW7 KBET MPS O~ — 4 — % i
3% (K32 . vry FOETHEEIE, 0.6m/s &
T5. ZORETR % 1150 RiIRE T 5. IRy
FRY X7 OMHEBORHEMRZX 4 £ X5 12RT.

ZDTFT—=XEy MZHLT, AtUcov—Ah—2 LT
NI VIR DN~ — A — 2T 2RO i,
13O ELTHALTOWAREI—FE NI VT



B 5: EITHICHRE LG 5 % 7 Ozt L

T AR
0.3
Y —H =T B
BRURTEZIT> 72455
(%)
0.2
Bv—H—DITEIC
BURTEZIT> 72455
(REF)
0.1

0 -

X 6: ETHICHE L EEICN T 2 78R
FEEEDSE W AR R = VB EHZ T D, v—h—D8
2 — VRS 2IRE L OB L KT 5.

4.2 HEER

~—h— DRFEREK 6 1TRT. v —h—2fkic
XU TR D BEIZAT 5 TERIETIE, 1150 B 45 %
ELRBHR LS. — 0, ~—H—BIFIHE L THT
WAL CER D BRI Z AT S HESRIE T, 1150 B 322 ¢
ZIELKRB# L. IBREZHVWS b, RN 764
L MEELEEZ N5,

5 FLHESROFE

B#aRy to~——2HWHCOOMEHEIZ
HNUT, WLk~ —h—ERIETHRO 7 L4
L7, ZNZERLIRDAIENEZRRLFER
L7z RO~ —7 — 23 2383 D AT IR

LT, #RET 2THINT 28D 5T IE A IEIEEEFRE D
7 A5 L7,
ZFRENDTIZBVTIZ 1~ ADM| D ETIEREN L
WD, TLBREL 2 RN FICHERD BI85
WEY—A—%2ELLBHRTERY. 2070, Bk
Ry LT 28%Tho7-. ZNHOHEE ABDOHEHT
HARO T, TONEELHETLIENTEZST
HB1=D, BHEOXSRZM ENARETHZ EZ
b5,

25 3R

[1] RoboCup Logistics League,
https://ll.robocup.org/home/,
(2024 F 4 A 1 H Bi%)

[2] BabyTigers - R,
https://vega.elec.ryukoku.ac.jp/trac/wiki/
BabyTigers-R,

(2024 4 A 1 H HH)

(3] WAbE b, R, REATE. “RoboCup Logistics
League Fi(E 7’1 75 L 2158 L /- HLAKER DI
B L FHE” . N THIEE AR5 53 ] SIG-Challenge
Bf7%22, pp. 14-17, (2019).

[4] KR ¥, “RoboCup Logistics League \281F % 7
4 =)L FNOEEYRANCEE T 2 —F%, NTH
HE2E%S 54 [0] SIG-Challenge 24, pp. 28-30,
(2020).

[6] Garrido-Jurado S., Munoz-Salinas R., Madrid-
Cuevas F. J., and Marin-Jiménez M. J., ”Au-
tomatic generation and detection of highly re-
liable fiducial markers under occlusion”, Pattern
Recognition, Vol. 47, No. 6, pp. 2280-2292, 2014.

[6] Francisco J. Romero-Ramirez, Rafael Muifioz-
Salinas, and Rafael Medina-Carnicer, ”Speeded
up detection of squared fiducial markers”, Image
and Vision Computing, Vol. 76, pp. 38-47, 2018.

[7] S. Garrido-Jurado, R. Munoz-Salinas, F.J.
Madrid-Cuevas, and R. Medina-Carnicer, ” Gen-
eration of fiducial marker dictionaries using
Mixed Integer Linear Programming”, Pattern
Recognition, Vol. 51, pp. 481-491, 2016.



