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Abstract

Most of the tasks accomplished by camera-equipped robot/mobile platforms are
complicated and sophisticated (such as mapping, localization, navigation, and sim-
ilar others). Most of these visual tasks are based on obtaining the motion of the
camera/mobile platform. In the absence of any additional data apart from the
visual data, motion estimation is done by using image matching (or image regis-
tration) methods. This method usually has been done through feature detection,
description, and matching to establish correspondences between the images. But
this procedure generates some mismatched points (e.g., due to noise), which are
called outliers. There are some robust estimation methods (e.g., Random sample
consensus (RANSAC) ) to eliminate the outliers and estimate motion. The robust
estimation methods occupy a large amount of computational cost whole image-
matching pipeline due to their iterative procedure based on random sampling.

RANSAC is based on random sampling and threshold selection and it is one of
the most widely known robust estimation methods in the image-matching frame-
work since its easiness of implementation and high performance. But the compu-
tational cost of the method is high when the outlier ratio is high. Therefore, there
have been proposed several methods to improve the RANSAC. Although they have
improved their overall performance, their computational cost can still be high when
the outlier ratio is large. In addition, there have been proposed several methods
using geometric relationship filtering nowadays. For example, GR-RANSAC suc-
cessfully removes outliers from the matched points under the assumption that the
distances and angles between 2D features are similar for contiguously acquired
images with small disparity, such as video images, leading to a reduction in the
number of iterations. However, as noted by the authors, it is necessary to redeter-
mine the angle and distance thresholds when using different datasets than the one
used in the paper. Moreover, the authors also proposed GNN-RANSAC, which is a
combination of GR-RANSAC and GNN. These methods are successfully reducing
the number of iterations without modifying RANSAC. Therefore these methods
are useful for other robust estimation methods in the image-matching framework.

We propose a novel pre-filtering step for eliminating the outliers obtained by
established correspondences and reducing the number of iterations needed in the
robust estimation method. Our pre-filtering step is motivated by the general
procedure of visualizing the established matches among images. We tile images
together and search for parallel lines connecting correspondences to eliminate the
outliers.

In this research, we evaluate our pre-filtering step in extensive computational
and comparative experiments using both simulated data involving along with real
images and using a real dataset. Moreover, the GR_RANSAC algorithm is added



as a comparison baseline since it has a similar position in the image-matching
pipeline to our proposed method. Our proposed method improves the motion
estimation accuracy and the total number of iterations compared with conventional
RANSAC. Moreover, GR_RANSAC’s total number of iterations lower than our
proposed method, but GR_RANSAC is mostly failed to estimate homography in
our experiment. Therefore our pre-filtering step is considered more efficient and
flexible compared with conventional RANSAC and GR_RANSAC.
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Hf~ v F 7 (F-ZEBRES) b5,

B~y F %, =PRI FHTH S LRELT, ERDE D HEEER
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Planar surface

X 1.1: HBREEOKRES T 7 4

N—RED & 5 R (R 2 W XGREROMENL) DA ETH 5. Lo L,
ZOFHEIE, HEHEOES0x (HE) BIFLACTHFELRVWEEEHITEE LT
W3, BIZ, REZ T 7 4 DT X—=RIZF, HIRDOEEEE IEE RBERICDH 5
7z, B EREIE7 VT ) X6 (BFIZE, HUR=a— b2k DREICRS
EWo IMEND B,

R — AR, SR SRR 2 L, 2 D OEHRENCHEL X A7z 0GR
(DB 4HOMIER) ORES I 74 2HEET S, Zuxk, Ko ©F
T kS, Imagel (ASJEIER 1), Image2 (ANHIR2) ZZzh 2 EHEHE
WOl e U, Imagel EOR% (2,y), Image2 LDRE% (2/,y) & L, MEfE
BEOIEXuDRT—NT7 77 X—ThH%. ZOHEDOHEIL, RESFT7 4875
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Fer—rav, =74 €¥—ra YOHNTELAHIATWS,

A/ h1l hl12 h13 x
A/ | = r21 h22 n23 y (1.1)
A h31l h32 h33 1



Z D20 FMITHT= D, Scale invariant feature transform (SIFT)[I5] %° Speeded
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T 5.

1.1.2 Random sample consensus(RANSAC)
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_ log(1—p)
log(1 —wn)
L A4 7 DR
< v F YK DR SNTHIC R DR

p: n @l > 7Y IENHFITARL D 1 OHNEDE FN TR VISR
w: A VI A4 TR

(1.2)

AAUELEED R 238550 k Oz GRIO, [3) (RS, M, 2 2T, p =0.99,
n=4TstELTW3,

HAAUELER (1-w) | ARREREL: k
0.1 4.3
0.2 8.7
0.3 16.8
0.4 33.2
0.5 71.4
0.6 177.6
0.7 566.2
0.8 2875.9
0.9 46049.4
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TB74NVR) T ATy 1, RANSAC 21T, Hf~ v F > 7 ORHEA
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N7 oA 7 e LTS 5.

4747 itdL, < td (FEBERIME) and |db; ;| < ta (FHRERIME)
79 b7 A4 7 otherwise

dL, : BEBEDE, db; ;- AEOE

ZO7NTVXLDORMEZ, B AEOMHEICZ > TWS D, BEDERD
WiEThHs. ZZTHLIE, BEOEZEZEHVWSDOTIERL, HEZ2HY, Z
DRI T 2REZE W3,

dl

d2

al

a2

dLIRE X NI FE S 2 55 1 HRN O M ORI £ TOMERE, FkIC d21358 2
HEANTEHIN-EHTH 2. ol X I REERTHEIN-AE, o213 2KH
BB CEHEINAETHS. FHEHES I 2L -2 a3 IZBVWT, ZhbDHx
DOMfEZ 1.2 L.

B L% -
fELER

13



E3F REF

3.1 ETEFAR—I3Y

RN — 2ER~ v F 2 0BT 3, F—1"—F v THEE O EEGRORE
i, —ENCZ A RSN, BEREOICEFT 2 THSZ L TRIN
% (MED. Z0Xk5R5E, »5FOEHUINT 2 RAFHNAERICHOVT,
HEDBEVHRIFEIND 12D, £ VT4 T7DELITETRRDO I N— TR T %
[[@]. ZOXIBREFR=—Saryhs, A, 7V N4 T7RELE—> a Vit
FEDDDuNZ MEEEZFITTHHIS, TV N IATERET 2DD> >
TIDORBRNE, FLWT LI 4 VR YT RATy TRRET 5.

& 3.1: HEi{RE X A VRN ERO X EREFRO AL, HiR: 4 > 547, #FiR 7D
[ e

3.2 7O—FhH&

AFETE, 27, 2HHBERORERAEICIEZR 2L (1 5H DE{§REE
BRI (e b ) 20 LT 2 i H R O RFEURALE DA ENC 72 2 & 512), HifR%E
R A NIRITHARTFRDPATRRZ G 5. KIZ, HMISEGRDHEIEN T 5 ERRO AR

14



ZEET 5. ARORER, EROBIRRKERLZAEINV—TERDOIT 5729,
AELANIL2ERTE. ZHE, RN 00RMEEZ RO 20D LH
RCTHD. ZORRINV—TODEMEENT 2RERIE, 4174 7ARIN,
OANZ MEEEEZHWTE ST 27-DIRFEINE. READIERT S 7L
IV X L% Algorithm MIZ/RT .

Algorithm 1: L7 4 VXY 7713V X L
Input: HEREE 7 L — ABIZBWT— L RN E
P=(z;,y;) i=1,2,--- ,nand
M = (zi,yi) i=1,2,---n,
BSR4 X0 (u,v),
HELRA LI 52T 2O VD T w
Output: (REFENGNCEARES DEANA > T v 7 X, Ind
foreach FHHEDNEER p and m do
Al + ZHRTOERE p = (2, yp) EEFRDIERE m = (2, + u,ym) &
T, EifRZKER NS R A VIRIZH R EORRDOMEZ 251 H T 5
A2 +— ZHHTOPERE p = (2, v,) & ZEHRDEE m = (2, Y +v) &
T, HEfRZEEG ISR A VIR N BEORROEZ 25 H T 2
A3 +— ZHHTOPERE p = (2, v,) & ZHRDEERE m = (2, + U, Ym + V)
L ZHWVT, BERZRDFFANIX A VRIS ARZEOMOME X 251 R T 5
EYOlE::wZHAWT, Al, A2 ASOMEDHEICHNT LA NI 4%
AT 5.
AREINTE AT T LBV THRAKERZRE 25, NICEFROES]A >~
T v I ARRFFT 5.
Ind < A1, A2, ABORREFSMLEIIA VT v 7 AZHMESTH -3 5.

BBELETL 740X ) T 2Ty TRERAWT, KFEHR, TEESH, #DIM
W R A IRICAR 72O Z KB, BR, BAIWKRT. L 74 LRY) YT RAT Y
72BN 3 RN X N BB RO BRELE, 1418T, ZONIERA > I 4
T THolz. —HT, TVLIZ4NRY) YT RAT v TEBILZZDOIGEEGROK
B, 10T, ZON. IERA >4 7. 1ABT7 I 74 7 ThHoT-.

15



3.2: (a) RERTFIE TR XA SR, 14 HORSEIRO M, 9 A4 > 54 7.
(b) 7 4 LAY ¥ 7 %380 L THE X M7= SGRIHE. 10 HOMISEEOR, 9
WA IAT7T, LERTY NF74 7.

16



|
LU ~ t
AN

:

(b)

3.3: (a) RERFHECHET X N7 AUEHIR. 14 HOMSEGON, 9 H54 > 54 7.
(b) 7 4 ARV ¥ 7 %3800 LTl S 7= RSB, 7 O RSEIRD R, 7 s
1547,

17



3.4: (a) RERFHETHET XN AEMG. 14 HOTHEEGON, 0 l254 > 54 7.
(b) 7 4 LR Y > 2 %380 L CHEYE X h 7= SEEG. 9 OBISEIGOM, 9 2
4247,

18



£45F RE& - M\

Bk, BELET L7 40R) 7%, BHIREOMA BRSZE2RHD, %
DEDENZXEZRLIAES T 7 4 THIRRMBELTVWE T —&ty FADET—X
7] &, [ THEONTVWEELIEHORES 7 7 4 FHVEFHEK S I 21—
TaVICEDFHMEiL. AT, i, BEFELEBR Ry F I8, F54
ZBWTRBEDMERITIZH B GR.RANSAC Z Wz HHEE, FHMBiH1T5.

4.1 5HEHI I alL—IavickBdEE

AEEBRTIE, /4 RXBDHY, HUELRPENBEICBNT, BxDREFE
PIREROFE SN~y F T4 T4 VIBMT 5 28T, a R MEEEDMH
REM_EWCXT S 2 GRMEE IR T 5.

4.1.1 HERIFIE

YIial—YarERORD, FalZ, [ THEHIATWS 2FHDOKRES
774 %MEL, REZI 74 BERER L. ERINTRET T 74 8E
551 ES (Kea)) I#EAH L, BRI RES T 7 412X D BEA I S 752
BREZAER L. AR SN EGOFZ (KoIb) ~ gD Trs. 20k, i
\X SURF ZH\WT, % 1HE{RE 5 2 H {2 SR ROt e~y F > 7 %170 7.
~ v F U XD NEBIRDME. X722, RANSAC 2T 522 T, A
NERTH 2200 b 6 THRAELIMNIUEZRE T 5. RANSACIZX DRD
DNFKRET T T4 E BT —RKRET T 74 5E0VGE, 17478 L, Z
DEZFAWTRIDICE DB TX—RIZA> TV Ial—Ya Y EFETL
7o BAE, MUELRICIR =7 T N7 84 VT4 7 DM % & AT ISR
R%, RIRXA=RITF D TH2EBEFROBETNT, 70X IER L. 2D
®%, AW, BELET L7 4R YT RATy T EB L7 GR.RANSAC [8] %
HWwizBa e, WD oG ETHERD RANSAC (1] 2ET3 5 Z2IC&D,
RETT 74 BHEE LT, HIL, BAINOHROMNBEEZHEXE 2720, £rf
¥ 4 R ERAZD R 5 7 4 X%BML 7.

19



() (2)

4.1: D ERBRCREA U 1 A ~[g) : [a) «At L THEEBR TR L -2 f1 % fi
L7 v — 745

20



RET T 7 4175 DE 22
FHLRARDIREL (A 74T + 7V 54 7) | [100,150,200]
ShfE LR [0.5,0.6,0.7,0.8,0.9]
J A XDIFHERZE [0.0,0.5,1.0,1.5,2.0]
RANSAC D KRG 2,500

PREERAME (RANSAC BfE, FRERIE) 5 ¥ 7%

R 4.1: FBRTHEM LI AT X=X

4.1.2 REEFEOFHESE

TA2X, BBELETLIANRY VI RTy TRHAVWEGEE, Aukhroiz
BETHERD RANSAC [0 #FEITT 2281k, REZI 740 ZHEL, IE
fRr—RKRETT 74 LT 22 ICEDIMEST 2 (K. » L, X (ED)
WX DEEINAENEBERES v 7L X /NI WGE, #ESINRES
77 43IELL, TENZ2RET I 74 HEICBI AN LTHAY Y MT 5. 4
2%, HERERED G RDZ ZeTHRoNE. 2, ERT—XRDEKRES S
7 4 (Ground-truth homography) & RANSACIZ X W #EESINTZHRES T 7 4
(Estimated homography) % Imagel LR X, IZHEH LG 577z, Tmg2 D
MGX! Y EX!MOH#d 2K, ¥Ial—yar 37 X—XIZih->TERSH
FFRTORIGE (N ISH LEHE L, 202 RD 2 2 L TRLNE. 20k, T
Bk s e THELNS. BIZHAIZ, FAROFIET, AR L7 GR.RANSAC K]
ZPHWTHRESZ 7 74 ZMEL, ZOMRZIRA DIRETFIE L LHEFHMET 5.

Ground-truth homoglyraphy

—

i o

Estymated homography EX,-: \ GX;’

I

Image 1 Image 2

X; : Image 1 coordinate (x,y) Error: d;

GX;’ : Image 2 coordinate (x’,y’)
EX; : Image 2 coordinate (x’,y’)

X 4.2: BEHE

21



o= Zz]\il d;
N
(4.1)

d; = ||GX; — EX{]|

BMED 5 v 7 U, BT — 2 OXLBGRZ RS =DM L, / 4 XeERE
L7l RREY LTIREL:. BRESZ T 7 4 —I2BWVT, 3x5x5 DY I a2l —Y
a RN TX—=ZTAITL, 2h% 1,000 gD IR L, &5 1,650,000(22x75x1,000)
[ DFRITZ21T 5 72

4.1.3 REI 71 HEEDHINRICET &R

2T, RANSACIZFL 7 4 & Y 7 A7 v FE£721%, GR.RANSAC %
BML, REZI77 4 2HELLBORBEICHT MR rRI2E, 20 ITRT.
FrZADEFT XD, RANSACIZTL 74L&V VT ATy TRBINT S LT,
1A% R o EAHERTE 5. — 5T, RANSAC 1IZ GR_.RANSAC ZiBiL 7=
BROFEEIX, TRAPMLEZIEFELALYDS —ATIEHR A7 + —< Y AR FHET 3 Z
Ko7z ZhHUE, GR.RANSAC 23, FEUES DREN ISR L 72 & 23R A
THDH, ZHRF L ACDHBGHOIZICL2dbDTHS. ZNODHRNDS,
GRRANSACIZIZL ALY DA, SHHESR4HHEDO XIS REI DKWY, HHE
EEOEMEICIZLAEHELTCWEEERS. Uz ehrs, ADERELES
LIZANRY YT RTy FIERES T 7 4 #HEDFEEICE L T, GR.RANSAC &
PO U720, KDFITHBZ 2R 5. T2, [ERD RANSAC B L 725812
b, BHATHZ VRS,

4.1.4 RANSAC R{ERIFICEET 3 5ER

T, V74N RY) TR Ty IR, R L7 GR.RANSAC ZH W5
&, MR RANSAC DATEKRES T 7 4 ZHEE L7256 ORIERIBUCET S 545
REERIANCE DD DERIIIRT. T, 740X ) 7 RBMLE
B EITE BB OfERE R I IR T, RAI XY, RADIERRLETL 7400
2V Y7 RAT v 7, GR.IRANSAC ZiBH3 5 Z T, RANSACIZBI) 3 HE
AR DHIBICERI L Z e PHERTE 5. ZHUd. EICT74 VXY VTR
T 7 (FLI74N0E) T RA57 v 7, GRRANSAC) ZEINT2Z¥2T, 4~
TATHERE EFo0, WEEBEROTIENTESE2HDTHS. ZHUIED
b, KIBEIBZRS TOWKENTHZ. £/2, TLIANRYV Y TRATv L,
GR_RANSAC O 1EH%E % H#E U 72555, GR.RANSAC 23BN TV S Z & Hfif
mTES. ZHUX, GR.RANSAC DAL Vo4 TR EZR EXE2 20

22



R 4.2: REZ I 7 4 HEORINFICEHTIHERDOZT LD

(a) TERRANSACIZT L7 4 VE VY T RTy TREBMULBEORESZ 7 4 HEERKEICET 2

R
ek RANSAC
R % &af
ZBC | 0.048 (78,887) | 0.024 (38,781) | 0.071 (117,668)
TRETIE | 5h | 0.165 (272,169) | 0.764 (1,260,163) | 0.929 (1,532,332)
& | 0.213 (351,056) | 0.787 (1,298,944) | 1.000 (1,650,000)

(b) itk RANSAC 12 GR_RANSAC %38/ L 7-BEDRE 2T 7 4 HEERE I T 5 555

GR_-RANSAC

itk RANSAC

KK

Y]

&t

K

0.211 (348,127)

0.511 (842,765)

0.722 (1,190,892)

Y]

0.002 (2,929)

0.276 (456,179)

0.278 (459,108)

AN
=r

0.213 (351,056)

0.787 (1,298,944)

1.000 (1,650,000)

HRTW2056TH5. LarL, R RANSAC kKR L2856, KIEEIZEDHI
BRI L TWa-0EHTHZ e WR S, £, REA XD, /KD RANSAC
W7 4R YT RBMLEES, FEHRHERBOREMEIIKII L TW\Wa Z & o
RTE 5. FHEHREOFHINE, RAM: 48GB, CPU:AMS Ryzen7 2700 Eight-core
Processor Zf&#E L /-2 > ¥ a— X TiT-o /-

4.1.5 FLIZaIWNBZIITDBKRBMLIET—XOFER

BADT LT 4R Y 72Ty %, BEREIONIGEE X A VIR AR 2B
DFATRROZEZ 2 Z L IWTKIFL T WD, ZFDD, £ VT4 7 DREBHA >~
FATHRIDBEETHS. 2FD, 4274 7HEN0.1T, MILEOBED
200 D, AAUELLR D E—TXHD R DORRED 100 DEE LD dFRAD T L 7 4
NEN YT RATy TERFBHUEZRET S, AD T4 VR ) TP
ETDTr — A 117668 IZBWTHH LA > 7 4 7RIS T 2 8058k o v
AN L1 BRLZDDONBKIIATH 3.
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I 100
[ 150
0200 ]

2

)
1N
]

AITEHDH

[ ] ..|—| e
0.4

0.1 0.2 0.3 0.5

ASATLE

K 4.3: FLI74 ARV TRTy TEHAWT, REZ T 7 4 HEEIWCEKBRLEBEDOA V5
A 7HRICETZERA NI 4. EKRD RANSAC DATERES T 7 4 BHEE L
72BETd, ZORTHEINTWER2FEFON 70.17% TRELTWS. SIS
DRI 100 EDGE, 4274 7HEOBENCI KR LI — A0 Hmb %<
BoTWb., ZOZenb, WADRBFIER, A1 VIF4 7RIV T4
7 OMRBDEETH 2 LiEmMTons.

24



R 4.3: RANSAC RIEEIBIZEE T 2 455HE

RN | BRK | | EEERE | CPEA o4 T HER
PER RANSAC (21K) 58 | 2501 | 1300.4 | 1060.47 0.30
TL 742 Y V7 (2K) | 4 | 2501 | 523.56 | 812.44 0.51
GR_RANSAC (21F) 2 | 2501 | 20.45 68.81 0.86
PERK RANSAC (HIh) 58 | 2501 | 976.09 | 966.39 0.35
TL 74Xy T (KY) | 4 | 2501 | 385.38 | 649.30 0.54
GR_RANSAC (E¢3) 2 | 2501 | 19.44 52.77 0.86
PER RANSAC (ZRHK) 273 | 2501 | 2500.48 | 27.96 0.12
TV 7407 (KRB | 36 | 2501 | 2322.96 | 528.35 0.19
GR_RANSAC (ZH) 8 | 2501 | 758.64 | 944.16 0.52

R 4.4: VFEFTER R OMRE (1)

RANSAC | FEFE | IBREFHE+RANSAC GR GR+RASAC
EXIN 0.1762 | 2.5728E-04 0.0711 0.0026 0.0035
IR | 0.1332 | 2.5769E-04 0.0530 2.6433E-03 0.0034
SR | 0.3352 | 2.5204E-04 0.3072 0.0059 0.0987

41.6 TLIZAINRIIDRAL O SATUHIREZHELT—XD
faR

T, MBELETLIANAEZYV LD, HDOoLrUHHRELIA VY F74 7L
R (1-HAUELER) om EICI LB oY, 4> 74 7RO F2REA
RS, REFOKEFW (>)FNX, TLI74 LRV TRBMTZIET, 4
A THEPE ELEREER L. —HT, ISV (<), FLW (=) DL, 4
I A THENED, BLBELoTBBERL. £z, BODIFNZK, 1>
FATHRENFMELEF—R, MELEPo/r—RA ZOWMT —AIZBITE1
VIATHEOYGER L. REF L ROIZA TREINZT LT 4 NRY) VI
B, KLU ZBOGEHICIEBWVEWEH S, Uk, L7401 R) K
DAY T4 THEPEIMLTWRICHEDLL T, X MEEETH 2 RANSAC
TIELWE—Ya Vv BB/ HPHREP 0T — R ZDHWDTr —ANBH 57
DTH5.
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& 4.5: WRTIEOMI & R 727 — A DGR

FLI4NRY T

AT IEE DFBEL S
inlier Ratio | K&\ (>) | /hEW (<) [ FLW (=) | KEW(>) | DIV (<) | BT —2
0.1 309916 20084 0 0.25 0.07 0.24
0.2 311416 18584 0 0.42 0.16 0.41
0.3 311591 18409 0 0.56 0.25 0.54
0.4 311910 17335 755 0.66 0.34 0.64
0.5 312121 16040 1839 0.74 0.44 0.73
Total 1556954 90452 2594

4.2 FHEFR%ZEA-EER

ARZEFRTIX, EEEEBO D 5 ERENE A SR D, ZOROE & 2HR
L7eRED T 7 4 TR T % graffiti 77— X v b [7] NOFEEGREFHWT,
REFEEZIHME L2, £72, GR.RANSAC & Lt#Eg L, FHiL 7.

&, BN SIFT X— XD A 74 e > T, EREDONIGEIfR%Z K
», BEIT BT L 7402 ITE2EBEIMLUIEEGEEEBMLRWEGE DG THRE
757 4 DHEEZRITo 72, FAREDOFIET GR.RANSACICE B KRESZ 7 4 HEED
1To7- FEBRCH L -EEG %2 (Ki2) 12”3, RANSAC OFEZERIEIZ 7.5 ¥
Yo, RV Y VI RAEREUZ 5000 BIEEFEH L, SR ER @8)
ZFedH 5.

T—Rty MZEENTWEKRES T 7 4 2HWE Z 8T, HBRHDIEHERE
BErEonsd. Zzokd, A, ZN60T—XEHWE 2T, ROEEKD 2
FNRLTHEA Y ITATEHEA Y ITATHERERD L., 2LV I74 7L A
¥ 74 7HEIE, RANSAC L RICEEZREEZ HWTHEI N KRES T 7 1 DIE
X, MERDA ¥ I 4 7H#E, RIEFBIZOWTOHE Y ER2ITS 7-0ff
HL7.

KED, READEBELET L 74 VR Y VT RATy FREG <y F > T84 75
A4 BRI ET DN TER I DR TE 3. £72, GR.RANSAC &
R U 7235800 A DRRE L - FIRIEEBM LD 5 2 L 2R 72, H{RRT 1-4
D7 —RAFETE, REZT77 4 DHEEIIHEIILTWS. FHZ, BHERT 1-4 D7 —
AT, A V74 7HREN19% M EXE2 Z I LTED, €K RANSAC
L U TR 92% RABEIELDOEIRICEIT L T\ Z e DR TE 5.

HfRR7 1-5, 1-6 D7 —RATIX, MFr—RAdbFREZSTI 74 B IELLHETE
otz TR, T~y F U X DL X NSRS, RES T T 4
HERITHE TR, BAKRBOIE L WG (4) 27w Z e RAT, fH L RS
-~y F U FREOERNREECLZDDLEZ KRS, 72, 12
RFEEREBMULE, RIEBOIELOWNIERNENDIZHEDL LT, KIEEED
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YD, FrAx DREFIEIE, HGE XA VKIS R7ZBEOEITRROE E o
YR LTHIEZRREL TWE 28, iBo2MIBmDFTiE AL o4 7 DES
ELTLEWY, REZ T 74 HEPTONTZODNERETHZ EZ NS,
b, L7 4NRY XS SN MEEDOF S, RANSACHAT Y 5
AT7BAVIATEBHEMLTLE S22 EZ SN, THUX RANSAC BED
RKEWZ L EZEKT .

4.4: FBRTHEM L 72K
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+& 4.6: FEHEGE HWZBRIC X B3GR

EfRF— %
[EESa e T | RSRESEL | RANSAC R | A ¥ S T78 | AV FATHR | oo om 4y 5470k
RANSAC 484 5 415 0.857
REFE 411 6 379 0.922 3 _
12 GR 375 5 339 0.904 415 0.857
RANSAC 106 51 45 0.425
REFE 65 50 32 0.492
/ =
13 GR Failed Failed Failed Failed 4 0-425
RANSAC 72 949 13 0.181
RETFE 32 73 12 0.375 .
14 GR Failed Failed Failed Failed 13 0-181
RANSAC 51 5001 0 0.000
|5 | REETE 16 482 1 0.063 . 0.020
° GR Failed Failed Failed Failed ’
RANSAC 55 5001 0 0.000
L6 REFE 22 1725 0 0.000 0 0.000
GR Failed Failed Failed Failed ’
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ETHE HbHDOIC

Hig~y F o273, ZLOEERIAVY2—RETaryRvuhT 4 ZJARZATIC
BWC, RPBEDPOEANLRRAT Yy 7D 1OTH 3. Sk, ik, ~v
FUTRT Y AITBWTC, FHCT 4 =T 7 —=V 7 DFEEZHOEHRICELD, H
HELWESLD o, LELEDES, v F U727y AT, AR LTV
KOMIARYFRFELTLES 2D, IARyFZ2REL, FHERE—Y 3
SHEEERITO 12D N MEEIERDHETH S, LirL, o MEEEIIK
BFETHE720, v F U I4 T 574 2R8I 25HERB O K7 % G
DERATyTD1IO2 LTHIGNATWS., ZITHRAZ, AR MEEEICET
2 RAEEE B LT BRI 2 MM T 2 720Dy v A OB R LWL
TANR) Y TRATy TERRETS. BADTVL I 4 NVERV YT RT vy X, &
BREBO D 5 2 OB %Z & 4 VIRIZURTZBITE & A2 FEHRE 0 0GR R %
REREINL—ATFT B2k, vvF W2 BEesnEEROES
DA VITATHFEEALXEFEZZEHNE LTWS. A, ERRANSAC, 18
BT+ 1R RANSAC, GR.RANSAC THERL, HEMS I 21— 3 itk
2 EE L EEGRE A WEERIC K DIEZF RO 2R T

AR T 2L —2 a VORR I D, IREFE + TR RANSAC I, iR RANSAC
LT, W14% KT 7 7 4 HEDOKIIFEZM X2 Z e K. £z,
GR.RANSACIZ, A PMLZIFEAY Dy —ATIEER AT +—< VAR RS
5 e MR o7 IS, RIEARICET 28R LD, L4k 07
¥ GR.RANSAC X, €55 KERMOEIRCEI L. L7411 Rky 7
GR_RANSAC Zt#§ 2 ¥, GR.RANSACIZFL 74 v&R Y > 7 & D HIZKE
DD I N E DHERTE /2. LA LA S, GR.RANSACIZT A M LIZEE A
EDr—ATHRES T 7 4 HEEIWCKR L2720, ik DIRZETFIEIE, GR.RANSAC
IR RANSAC LT, K DFERMEDD DRI TH 5 Z & DERT X .

HEGEHNEERED, f%ﬁ574%ﬁm%%&?ﬁ@®ﬂmﬁﬁ()*
BHETA V74 7THEBEMEN GMUELERIEV) X5 RIRHICBWTS, 4
TEOREZ RS T2 2T, R RANSAC ¥ B U728, AR DI B
LTW3 Z e DHERT X 7=,

UEDZe B ADIBLEFH LWL 7 4R Y V72T v i, B~y
F T ORINREE EXBE 2723 TIiER L, MOEROBEERS L, 204
VIATREEGDDIENTELD, anX MEEDBIZITOI 3 RKERED
HIRICETH 3 e EMIT oS,
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A4 DEERTIX, HREICEBOBENDH 2 Z 2 IZERBLTWERWL. 23]
23, O—VNOYEIBEIT B L IC ko THRETAARENEDR D 2. 2D XS
REBRENCEROE X (REFT7 7 4) DHEETRHETE, L7274 rx) 27
FER S T2 ATRREME L CLES 2B NS, 2D, RN, Z
DEIBRT—RIHIETEZ DTV I 4 NRY VT RTy TRIET 2 Z 21
T35,

A VIHTE, HASCH AR AR ZE & 26T, R0 d 21 (Bl Z1X, K B5)
TREITAJRE/Z K2 R 72 Hexapod robot (KIBE2) DRFEEIT-TW5. ZHiT,
6HImRy MIFIC3 BN REETH 2 VS 2 eh s, KIBETD XS RHIET
DEE WZIX, MEHE, ~ v VU I7E) AN THIEEZ TS, RK¥ET
i, FiZue Ry sOBTHIEEED ., IXTEHWEEY Y a7 v 7 Vs —2 3
YOR—= b EHEYT L. AR TIRE L FEE, 1ERDER~ Yy F> 74 7
54 ITHT BB - DA LBBESICTE 370, FFRIIICIE, Z2oaRy b
ERWE, B~y F Y THMBR—=2 7o TWE <y ¥y 7RMEHEFD
EER AR BEITTHBICHARA L Z 2 2EZTWAS.
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5.2: FAFEH D Hexapod robot( HARSCHE R GHEMF ST = f21L)

31



EfT

AKHRICHT=D, @XDT —<PER, HROED T, BMIFFEL THWL
7= TI8REEE, WRICZ VAL « A H U HEEZISOL X D EEH U ET, B
12, VR - TS H BRI, RAODTHTH - 7-EIGUENCEE LT, T
BICHZTIHE, MERIITEHEEIEICT FAL REZTHEE L2, D& D IKEH
LEFES. £z, vRy bDOBFICH T L TWiz72 0z HARSE RS O FHkIE
IREHR, ML E D PAEDFEHEBH X AIICDESEEHE L LT ET. MAT,
HED S BHEFICHRD FLEMEEX AN—DF A HIELEHE L LT 7.
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