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A Method of Selecting Delegate Landmarks for Fast Localization

and Robot Navigation Using Monocular Vision

Yoko Ogawa*!'*2, Yoshiaki Shirai*!

and Nobutaka Shimada*!

This paper presents a method of selecting landmarks for real time robot navigation. We first build a 3-D landmark

map of an unknown environment with trinocular vision, and then the robot with monocular vision localizes the own

position by matching SIFT keypoints extracted from the input image to the landmarks based on their visual ap-

pearances. It requires much computation to detect visual features corresponding to all the visual landmarks. There

are many redundant landmarks among them and they can be excluded in the calculation without major degradation

of localization. We propose to select useful landmarks considering their contributions to the localization accuracy

derived from the analysis of geometric error propagation, and both the reliability of detection and matching of the

corresponding visual features.

We compare the proposed method with the one which uses all the landmarks by

experiments in real indoor environments. The result proved that the localization accuracy of the proposed method

is almost the same, and the computation time is greatly reduced.
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Fig.1 Alignment of the trinocular camera
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L, ZN5OEEGFHIZB 258% (o2 op, Z HIO5EE
oy LL7zEE, [we wy| & wz PEMFTHOMAEILHT 5
£, BEARH o, B, y(0<a<1,0<8<1,0<y<1)
LYW TORTELET S,

Wy = QOz, Wy = POy, Wz = YOz (23)

4. % BR

RETIE, BNERBEICBII23MWI ATIZEL TV Fv—
WAL, RETHRIZL L7 A5 ORERERREZRT.
72, REFEBU 2T HIBGE 087 X =8 OPuE, hF
FL ORIREE, 7 AT ERER L 720Ky b o BEREHIEE
BIZOWTiRB,

4.1 ERIRE

BKADT v R =7 WHERD /OO =KLy & L
T, LFRI3HR AT L 44 27 (Digiclops, Point Gray Re-
search #f | ZE#RE 99.6 [mm], WIAEEE 320 x 240, 28 [fps])
ZHWA. Ry bOREHEICIE — b PC (PentiumM
1.70GHz, A1) 512[MB)) #fHw2%. akXv MLk
BE (600 x 700 [mm]) ZHEHEEL, 3MWAT LA A AT
—ODHATHLEE LG LIREXHET S 2 L TERE
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(d)

Fig.5 Input scenes and feature points (e: corresponding to the map, +: without cor-

Fig.6 Handmade map (black rectangles and quarter sectors)
and built map (gray ellipses) with robot trajectory(from
(a) to (d)). The circle at (d) shows the size of the robot

iTo7z. B % Fig. 4 (2R, REHEER ORBRHAIZ 21
£ —100 < AX < 100 [mm], —100 < AZ < 100 [mm],
—10 < A9 <10 [deg], EFLMEIZZHIZN 10 [mm], 10 [mm)],
1[deg] £ LTV 5.

4.2 F> K3 —7HHOER

WA s (i L 72 T80 % Fig. 5 10~ d. $72, Fig. 6
AR SN E FRHINC X 2B L u Ry~ o#%
HEATRY. Fig.5(a)~(d) i& Fig. 6 H® (a)~(d) OHLEDPH
W SN WETH L. WL 143 7 L — 25 OW{EE T
R L7z, G A TEELZERON A TEELE L, T F3—
TVEET DRI S A T TR ONERO A2 SIS
N7z SIFT 458 & a7z, %8, Fig. 6 & 7[m] x13 [m] O ZER
OWIK-T, 2 BLL LB S R R T XZ PRI EE
L, ZORMED» S 2 BEBNE LCHELZDDTHE. AT
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N A FGHELRBOEBLHEDI2ODT v Fv— 7 &L L BRI L 20Ry boFEsr—a v 817

L A RHSAHT ORBXISHEIE 0%, BEFEADT Y Fx—=27 LD
KHIBAHTIZ BT 53513 0.03% Th o 7.
4.3 BEIOKRy OIREHTE
AHEiTIE, 7940 TDOYIaL—3a vl KELL
HEEAHEEL, N (23) 8T A= 2PET L. T2, M
DFFEE OB LY RETFHEOENEIIO>WTLHLS.
TRy b OIREEHEE ORI 2 GRET 5 720121%, 0RE%L
EFECEHS 220, BEHICH D VENHL. 22T, 3R X
TDON AT M OMERBIIEENTH 5720, FIEiCHEBE S
WK BT AED AT OREEL, B EOES X5 OKED
LROOLND, F/z, WEIIEEF SN TV A= OFERILT
NTHEG»SB/BONZbDEZ->TEY, By —47 A
DIV NDERITHBFNEBEFI N TV ARV, L2255 T,
MRy —r v A% TRy b OREHEE DR EBFEICHW 5.
IR O 5 E 2 1TH T, HEFHRICAZ &I v F~v—2 %
AW EDOTRL6HHE% Table 1 ® 1 B HIIRT.
a) X, DR [mm)]
b)Z,, D [mm]
(€) DA [deg]
()R EERH [msec]
(e asno v Fv—r%

Table 1 Mean and deviation of localization error and processing
time: (a) is error of X, [mm], (b) is error of Z,, [mm],
(c) is error of 0 [deg], (d) is matching time ¢ [ms], (e)
is number of projected landmarks, (f) is number of
matched landmarks

(@[ ()] (] (d ()] (®

using all | mean | 14.95 | 10.70 | 0.16 | 472.36 | 1924.59 | 58.00
keypoints | dev. |22.96 | 18.60 | 0.44 | 298.09 | 757.16 | 11.67
a=(=0.1 | mean | 12.76 | 10.33 | 0.10 | 32.14 | 169.37 | 63.45
v=0.1 dev. | 15.46 | 16.60 | 0.33 | 12.72 34.08 | 11.67
a=(=0.1 | mean | 11.55 | 9.09|0.08 | 23.52 | 129.10 | 52.24
v=0.3 dev. | 14.56 | 12.74 | 0.27 | 11.14 28.24 | 9.30
a=(=0.1 | mean | 11.91 | 9.22|0.08 | 21.29 | 120.38 | 49.61
v=0.5 dev. | 15.32 | 13.08 | 0.27 9.31 23.23 | 8.20
a=(=0.3 | mean | 12.93 | 12.46 | 0.15 9.37 59.07 | 26.04
v=0.1 dev. | 16.71 | 18.88 | 0.38 7.66 14.23 | 6.39
a=£=0.3 | mean | 16.03 | 20.18 | 0.22 4.71 34.00 | 15.86

v=0.3 dev. | 19.21 | 24.41|0.44 7.20 9.22 | 3.94
a=£=0.3 | mean | 17.32 | 20.37 | 0.22 4.25 28.02 | 13.01
v=0.5 dev. | 19.15 | 23.05 | 0.41 6.99 5.48 | 2.57
a=£=0.5 | mean | 20.07 | 25.36 | 0.31 6.23 37.50 | 17.50

v=0.1 dev. | 21.95 | 35.04 | 0.54 7.64 9.30 | 4.03
a=£=0.2 | mean | 13.31| 9.72|0.12| 10.13 65.35 | 28.38
v=0.2 dev. | 15.79 | 16.18 | 0.35 7.44 15.96 | 5.95
a=(=0.2 | mean | 13.85 | 14.37 | 0.16 8.88 56.36 | 24.81
v=0.3 dev. | 15.46 | 22.68 | 0.42 7.72 14.54 | 5.77
a=f=0.2 | mean | 13.71 | 13.98 | 0.15 7.96 53.66 | 23.97
v=0.4 dev. | 14.67 | 20.06 | 0.38 7.81 13.39 | 5.69
a=(=0.2 | mean | 13.70 | 13.19 | 0.14 8.30 48.84 | 22.05

v=0.5 dev. | 15.20 | 17.23 | 0.35 7.82 9.40 | 3.82
a=(=0.2 | mean | 12.80 | 12.18 | 0.13 7.19 49.42 | 22.49
v=0.6 dev. | 14.70 | 20.48 | 0.39 7.80 11.49 | 4.62
a=£=0.1 | mean | 19.60 | 12.29 | 0.16 | 20.26 | 115.33 | 54.44
y=00 dev. | 22.62 | 15.56 | 0.37 9.50 21.57| 9.55
a=£=0.2 | mean | 33.22 | 39.87 | 0.49 6.1 45.15 | 22.96

y=00 dev. | 34.78 | 40.84 | 0.70 7.63 8.30 | 4.54

HAORY MEEFE 20 % 9 5

(OFIBEONIZT v =278

(a), (b), (c) xR5E, EAETFFAENTFI 10 [mm]~15 [mm]
TR, BEAEMRZEAY 19 [mm]~23 [mm] FEE 2-TEY, TRy
NAREDH A ZAME 700 [mm] 2>2%k 600 [mm] TH D728, A
AT A EBEE BT T A ENICBW TS RBENIELNT
Wh, Lal, BEENLT Y FYy— 2 8Icxs AaEouwnr:
7 v R =7 BOFEDIFIMRL, HISOTRMOREL 2o
TW5h, ZORBEZFMZEEE L, &5 AL T
FE2E L STEATEDLNT A= o, B, v BERMIC
PEL, ATHEOEMMEEZBRD.

a = = 01,03,05 »2 v = 0.1,0.3,05 £ L7z&
EOMEEILE A Table 1 ® 2 BEHIZ, a = f = 0.2 7»2
~v=0.2,0.3,0.4,0.5,0.6 & L72& ZOMhELKE Table 1 © 3
BHIZ, a=8=0.1,02 22 v=o00 &L7& XDOHREILEL
% Table 1 ® 4 BEHIZRY. 22T, 3.2 i T/ H{§F
WICHRET 2 HEOMMEIR 20 & L, R—0HE 22710 —24
T L0, EREICBW RS N8I S, HE
WICEMELL LD T > B~ — 2 DSEE$ A 3ifi 7 L — 4 100 #x
HWTITH.

4.3.1 Bl BIE O e

Table 1 ® 2 EkH & 3EEEIE, RETEICBUTLRED/NS
A= F R PETLHOT -5 THAL. Table 1 ® 4B HIE, W
W EEBETIRCTE LETE 23S L AWHEOEETH L0
a=p3=020LXIRBEEHEIKEL, a=8=010D¢
SIEIBE MBI AR Z { o T, —F, a=£4=0.2
POy =05 FTida=8=0270Dy=06 DL,
EREHWCEAELAFORBETH ), LEEZIIBNTH
a=p8=017"2y=c0 DHFHEIRT2HEUELEL ST
L. ZIhS, HELEOGEDOATEIARTSTHY, RETE
BT DBETERAOGENENTH D I LWThsb.

EHIZ, y=05 DAL y=0.6 DFEERILIET L L, K
EHEERE O v = 0.6 DIFHI D Xy, Zyp T 1[mm| 1
JE 6 T001° BELETEL RoTWDEY, TO5HE RS
L, =06 DFHD Zy T 3[mm] 1TE, 0 T 0.04° L KEL
o TWwa, IRy FORNETTHE, DELICRELROHN
KT L —ATOEEF AL VR TL, MEMNIIEEIEITT
XbLEZONDL720, a=8=0272~v=0.5 % UHEO%E
BT A= LTHRHATS. /2 &9 Fv—2%Hn

4000 1000
—--— Input kyepoints number

rrrrrr Projected landmarks number (4l lansmarks) o0

Projected landmarls number (distinctive lansmarks) P
- - - - Processing time (All lansmarks) RIS RO
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Fig.7 Input keypoints and projected landmarks for processing
times of each fream
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—— mapping robot trajectory

—— working robot trajectory

Fig.8 Trajectory of the mapping robot and the working robot

HE L RETEZ GOV T, BES Y FYx—2#
TGO, A% SIFT S OER % Fig. 7 1R
. &IV Y= E2HVLLEITT L — A2 & o TS
BEESRKRELSEBH LT EY, EFETIIL ATV F
= DREKEEIN, BES Y Fy— 28, oETEE L D
CEDTL—AIZBWTHIFITEETHE. Dok, #%
TFHETEMNIS DT BE ED T ¥ Fv— 7 HIKEE$ o
VAZ Y NTHY, ho&Ty = ERAViEe L FEEE
OIRFEHEEREZ RO Z L AVREN .

4.3.2 Y b AMEHWIBENT ¥ F~— 7 8 RO%HR
REFEICBIT 2 HTFHEEOSEE 22 T X N TOBEEE
S OHENERBIET 5720, LT O&EEOGRIZ LY MR
WS 5,

(1) B TOBEEST

(2) HErHEIk D535

(3) 2> FFAFTOEREST

&7 P =7 5 HwaE, IREF, BUIEE CORME
T LG (2) &0 3) s HVARVWEE, 1 3) %
W WA ORER% Table 2 IR, 4B, REFETHIE
WL SER DS > N~ — 2 BOFEHH 50 HTH -7z
2, & (2) LM (3) RV ARWEEETIZBIEED -
MRS B0 HOT Y Fv—27 2BIRLTW5D. BIEISHEE L
HIMERI O T~ B~ — 7 B2t 2 EBIC AR & 5 Hso 0
TET Y P~x—78E, & 3) 2HVZRWIFE R D EW
A, BEERRETEIRONSS ko, TSN 3) M
WRWIEAETIET Y N T A MDTFRL OIS, BRIE)S
FHELTWALDEEZONS, Table2 L), &5 Fv—
7R HVAEA LIREFELE TR, BEICBWTHMAZHLEL
HE R BRI CIRETFEAC, BUIHE R RO A % 5
HIZT v Y — 7 2 BRAEE, REFRISE L, LBEEE
HATHBEDPIEICHLLIENELD
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Table 2 Comparison of localization error and processing time:
(a) is error of Xy, [mm], (b) is error of Z,, [mm)], (c) is
error of 0 [deg], (d) is matching time ¢ [ms], (e) is num-
ber of projected landmarks, (f) is number of matched

landmarks

(a) (b) 1] (d (e) (£)
using all | mean | 14.95| 10.70 | 0.16 | 472.36 | 1924.59 | 58.00
keypoints | dev. | 22.96 | 18.60 | 0.44 | 298.09 | 757.16 | 11.67
proposed | mean | 13.70 | 13.19 | 0.14 8.30 48.84 | 22.05
method | dev. 15.20 | 17.23 | 0.35 7.82 9.40 | 3.82
without | mean | 171.40 | 268.63 | 3.44 7.92 50.00 | 15.45
(2)(3) dev. | 156.32 | 242.24 | 3.82 7.7 0.00 | 5.75
without | mean | 32.69 | 38.28 | 0.46 8.13 48.82 | 24.59
3) dev. | 34.49 | 39.32 | 0.67 7.82 9.64 | 5.58

4.3.3 FERIZ X B ET

EREIZBWT, EBROT VT4 VETHIBEEIT). 418
THR7-EBY), ARICIEIEHIBHEEZ VW2, ZORHE,
BhIR LT 45° T b o0 — T — 2 BGOSR ) (SRR
WRZHE (XA FLHRA—N) FHOTWED, O—F—
DEEEEOIZS D E R0 —F — LR & DEER EOAELIE
HENRT V. 20729 Fuzzy HlHl [23] & FHWCEREIT.

HE#LEIL, &2 TIRHBAEREEOL S X 5 OfE L7z,
FOWREN & BAEBLGED T L Cw a0, KIEDE# L%
EOLEFN, POREYHRTIIAR RN T » Fv—2oH#
KThHhHID, AFETIET Y F~v—27 LBRERBHOTHIIEE
DZEM ETIIMEE L.

O Ry b OIIALE 1 AR B O IIALE A S 200 [mm)]
BETS LCETZ MG L. Fig. 8 IZHBAEKEE DO 7 A 50
BLER & BT ARy b OETREOIREEEFH RO TH L. &
DEEFoaRy FOBBEHEER 9.9 [m], FIHEE 0.15 [m/s]
THY, @B st MOBEWICOHEETETTL I
LT E 7. Fig. 9 \EITORF 2RT.
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Fig.9 Snap shots of the running robot
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LRERBE L. —E3WARATICLDERERT VY Py —
sWREESL Z LT, HIRL 2R waRy b, ADHE
DS E T DT Y Fv— 27 L @RI T2k
W&, XD RIREEHEEDATZ 5 Z L HEBRICL DR L
720 7, WREVHERHWAZ LR LHIRA AT OLHE
SNBEHRE ATIE LT, ERBIIBUA2BEEDOLT 71
TR & B L 7

A ENIIFEIE Do ToEE{LE HgE L, 214t
DAT Y 7T TEHFVEZBERL TV aho/2720, &FRo
WHLO 2 N CThzE &, ADEGEL SO SIFT Fgfhs L O
MELRBHECUEOEENRKELL hoTwiz, ZFOLTHY T
4 TOEITHEZEBR L2 EH 53, REFHEOSHELS
ERPENZENERLDL. VAT LAEEE L TOTEHREERD
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