oy

e

Ak 4 — 2 GREEL (F30)

TRk 3 04 3 H 19H

B - MR T | REEE % 103440 & fREHE | By B2

2w IlE K il %

MYXHNAEDEE (BL)

2GRS | T U R T A T 2B LA MR oS ER L iC B3 5 BFgE

(EE 1,200 FEE)

= OMBOMKERE T A LEEF CIEHERERY, FOREENLTOWMEDS KIT
PEREHTCTE D, Z0kD, HEIOHEHEZME T2 EIFEEe RNy MG RfRsH O
EARPRMEO—2THY, HBHINZHHT 22 OWERZINTWS., 2L T, HEBRXIVE
BOBHEZRET 23T ERFESHESNTE .

AR TE, TTERBES Y ZARICAOYHEBZE LI VE LY 7Y v 72 AvicfEl
MDA E M -EREREHEEY CHIOERRETS. BHRESYCRXDEE, 5a2b
NEFEMRIMAEINCHERAOREZ Y TIED A HFETHY, FBHIEINC ) A ABRKRELEENDIHA
THOHMHZ2ECHHITEAIHETHD. BEFENE, BREE Y ZAHABEOROHUEZITY, #
DI TPl BEIR T v A LAY Y v I Lo TANEF N GBERIR L E2HVWTHEMN %
MDD LIZLY, BRERBHABEY CHEOEERLE. ERICIVBFEEL D ZAHER
W EZETIEOTLEIFETYH, BEFERELWEROBHICEWEHZ Y CEH oD
TEEMER L.

EHEES TRDTFERE, ANELTEZONDHIIEBERIN LD iz y VKR HEORERZEDN
Moo LD AR ZFEELTEY, FHHILE ERUADORPEAE DS o 7o idlost LT,
ELWREHERHET S ZENRETHA.

ZOBBECH L, ANCHEMILLAORFINEENDHHEITHEM Lo R 2 RITERT S
FHEPRETDH. BEFETIE, BAREY TEDICL - THYCEHREH EANRFIORRT
ERESETD. LT, ¥TWHDEHEHEANESNOYE TTHBEEEZRD, SEILRSlof
MWHRBET S TOMEELL LICHEMINEZRIRT S, B LEAEZBRLESFINELLRLR
HETHRYVIEL, ADEFFORMILESZ2BRT S, ZOFRETE, ANRFEY TEDHE
MEOREICE > THBMICHSIUCSEIT 5720, BRALRLEWVWEREZLEE L., E
BCIIBEFERE LR L, BREFRROFHEE R L.

UL, BHEOETOSIIR—20#fE L ARSI E LTH LN RIIE D2, HHII
BB ENESE, BHOBEBEIETTS. ZoMEZMRIET 520, E8EE—#E LD
S ELRERE L TCELNAEAIAI ZHES L THEMAE2S CTEHHZET, LVELWERD
EHESCHEOAFEFRELEZ. L, AAMHEHINOERZ W EEHIMOREHEDHEEE
BWKELZ2Y, EFICOBBERANN->TLED. KFECRHEALOFEEZLE LIZHEND
OEBELEMNREEZRET S, BEFE TR, KAHEORSR L RAHEHIMAT~, [HT
IO EEHOMEICHT 2N S0 28I L 5@ & TE D =FRICdT 288
OMBEICLDEMN) 2HEAL, MASLEOHEAIR L. EiRicL 0, BEFELDRLET
Dol L EERELEEL, FERMEBHOBRHBEIC DWW THIHMiEZR L. EH X
v, BEFEODRNITEDTHY, BEEORVWFEETHAZ LERLE.

EB, MELEGHBEEZGCHALEZBEH o Ry VOB LEOERBHE I AT LAEREL,
TOMEZHER L.




A4 —1 EREEL (FE30)

Date of Submission (month day, year) : March 20, 2018

Department .
' o Student ID Number | D103440 Yasuyuki Sugaya
Science and Engineering Supervisors
Applicant’s name | Tomonari Masuzaki Shigeru Kuriyama

Abstract (Doctor)

Title of Thesis | Study on improvement of ellipse detection with outliers

Approx. 800 words

Detecting circles and ellipses in images is the first step of many computer vision
applications including industrial robotic operations and autonomous navigation. To this
purpose, point sequences constituting elliptic arcs are detected by image processing
operations, and then an ellipse equation is fitted to them.

In this study, we first propose a high accuracy ellipse-specific fitting method which is
combination of hyper-renormalization and an ellipse fitting method using random sampling
in consideration of a distribution of points. The proposed method always fits an ellipse to a
point sequence using random sampling in consideration of a distribution of points if the
method cannot fit an ellipse by using hyper-renormalization. In experiments, when
hyper-renormalization returns a hyperbola, our method fits an ellipse close to an ellipse of
the true shape.

Usually, an ellipse-specific fitting method fits a correct shape of an ellipse if the sequence is
extracted from an elliptic arc, but a non-correct shape of an ellipse could result when the
input contains sequences which contain the large noise or non-elliptic arcs.

We also propose an efficiency method to select point sequences on an ellipse when a
n input point sequence contains non-elliptic arcs. We also propose a method to select
point sequences on an ellipse when a point sequence contains non-elliptic arcs. Our m
ethod first divides an input point sequence at the intersection points of the fitted elli
pse. Next, we compute residuals of the fitted ellipse for all input points and select ell
iptic arcs among the segmented arcs. Then we fit an ellipse to the selected arcs and
repeat the above process until the selected arcs does not change. Since an input point

sequence is automatically divided into partial arcs by the intersection of the fitted el
lipse, our method is not required empirical threshold values. We compare the perform
ance of our method with existing methods and show the efficiency of our proposed me
thod..

However, there are a few cases that all points on an ellipse are extracted as a connected
point sequence, and when the elliptic arc is short, the detection accuracy of an ellipse
deteriorates. For this problem, Sugaya proposed a method which detect correct ellipses by
integrating elliptic arcs which lie on the same ellipse. But, if the number of elliptic arcs is
large, the number of combinations for the integral judgment will be large and computation
time will be very high. For this problem, we proposed an efficient and high accuracy ellipse
detection method which improved Sugaya’s method. Our method applies “selection based on
proportion of elliptic arcs to the arc length of a fitted ellipse” and “selection based on
positional relationships of elliptic arcs” to integration judgment, and reduces the number of
combinations. By many experiments, we evaluated the effectiveness of our ellipse detection
method by comparing with a non-improved method and existing methods.

Finally, we apply the proposed ellipse detection to the wall-floor boundary estimation
system for a mobile robot and confirmed its operation.




