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ABSTRACT

This study proposed knowledge transfer methods for intelligent robots. This thesis is

organized in five chapters as follows:

Chapter 1: Introduction

In the near future, there will be a shortage of labor due to the aging population. To
compensate for this shortage of personnel, developing autonomous mental development
robots is seen as a solution to this problem. However, it’s impossible for a robot to learn
all human knowledge such as object categories and place information. Also, when robots
distribute among the population, these have to be individually taught knowledge based on
its unique specifications. It’s also impossible to teach all kinds of robots in such future.
Therefore in this thesis, we propose novel methods to transfer to itself for acquiring a large
variety knowledge within a short period of time, and also transfer learned knowledge to

other robots.
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Chapter 2: Self-transfer using visual information

Firstly, we focused on transferring knowledge to itself. We proposed a novel attribute-
based fast online learning and transfer method by using a new proposed statistical recog-
nition method on self-organizing and incremental neural network, called STAR-SOINN.
This neural network is extended from SOINN to do statistical supervised learning; it can
also memorize multiple concepts and classes with only one network. We conducted ex-
periments using the proposed attribute-based transfer method and competitive methods to
estimate attributes of an unknown animal by visual information. For example, the method
has to estimate “has tail”, “cannot fly”, and “walks slowly” attributes from a photo of a
‘pig’ without knowledge of pigs; it needs to transfer knowledge acquired from previously
seen animals. According to these experimental results, the recognition rate of the proposed
method is equivalent to the previous online method. Also, there are numerous advantages
of the proposed method compared to other methods: the number of required neural net-
works is minute; processing times for learning and testing are shorter; it has the ability to

use noisy Internet data; it can define real-valued attributes.

Chapter 3: Self-transfer using multimodal information
During the next phase, we focused on using attribute learning for real robots. If a

robot is expected to perform in the real world, the robot needs to recognize many unknown



objects by using some multimodal sensors such as a microphone, a laser sensor, and a
touch sensor. Therefore we proposed an attribute-based learning and transfer method for
multimodal sensors. This method uses STAR-SOINN, and has an integration method for
attribute values from some modalities. By using this method, the robot can guess attributes
of “paper-made” and “‘soft” before grasping a paper cup even if it’s the robot’s first time to
touch the cup. Then the robot will grasp this paper cup softly. Next we compared proposed
method to previous methods by two experiments to check the object recognition accuracy
and to try estimating attributes of unknown objects. For the recognition task, the proposed
method is more accurate and the processing time is quicker than a method that naively
integrates the modalities, and also a previous method. In the estimation of attributes task,

proposed method could estimate almost all attributes for unknown objects.

Chapter 4: Transferring between robots using motion knowledge

Finally we focused on a method to transfer knowledge to another robot with different
specifications. If there are two robots with different arm lengths, the end-effectors of these
robots with same joint angles are different. Therefore, it is difficult to share knowledge with
other robots without an adaptation for specifications. We proposed a method that can adapt
the motion information by using an end-effector position errors that are obtained during

trials by a little bit motion information. This method is improved from an update algorithm
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of the Self-Organizing Map (SOM). To test this method, we conducted experiments for
quantitatively evaluation using robots in a simulator and a real robot. For instance, if one
robot was taught about how to reach for a ball, the robot can share this motion skill to
another robot, then the other robot can also reach. According to these experiments, a real

robot can adapt and use transferred motion knowledge from the robot in the simulator.

Chapter 5: Conclusion

In this paper, we focused on a knowledge transfer method for intelligent robots. The
first and second methods are based on SOINN, which was originally adapted from SOM.
The third method is based on the update algorithm of SOM. Therefore, these methods use
a similar algorithm and have the same network structure. In other words, these methods
can be combined into one method that is a method to transfer knowledge to itself and also
to other robots. This means if the robot learns an object’s vital information, it can use
this knowledge while it learns another object and recognize the unknown object. Also this
robot can distribute knowledge to other robots. We believe these methods will be become

an important baseline technology for real world robots in the future.
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AT 2HCHEBOFERZIELT S, TOBK, [EFHER LY L MG ER 2 E

figsd. LT, BARY MIXUTREREL, FROAMMEIZOWTHEMT 5.

Ed=
Rt D722 1Ry T OEFIEROMBEIE O FIELZIRET 5. FEBRICH
MDORZLZARY b2 Ialb—RRNREIIES%Z LT, FEROAMMEIZDOV
THEET 5. TD#%, EBOBRY heyIalb—X EoukRy b&IFEHLT
B FIEOARHEIZOWTHERT 5.
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EZAD, ARHEZHRIL TWAPAIED R & $ 30,000 b2 SHbNTH
D221, IARXTOYRIZH U TREB DZEE IR 2 EK T 5 Z L IZHRFERICAATRTDH 5.
ZD=OEE, BER—ADFEFEMNEHINTNVS [E). BIER—ZADEEFE
ik, WK ERE DM (KEhBATIV) 2HEEICLTHEETLFIETHD,
BHEOHMASDLEIZ L VMhE KRBT S, 20, LRVEEDOHE T K DY
ERESTHIENAREE RS, £, FEULEZBUEZHAVWSZ T, EMFIILLF
ET2RFZHYINRE, BUHEZ2HITAZ 22 TE5. HIZ, koohzElky, B
CYMADTEEZFIE LU -HEEZHWSZ LT, WHROHELHET LIV TE 3,

Z T, BARIZRERIIZEIZ DWW TR 9 5. BifE, BHEN—ZADZEFEKIEL <
FAEU [T, = DfRE&KpFlE U T Lampert 5 OFZEDZ T 515 [, %5 1%, EYE
N—2ZDFBEIIET 22 00FFHGTAERE L. HITHKSIE, EEOFHY O L
ZDEMEEFM L CIMERZERL, TOT—XEy M2 SVM DRI 2T, %
NENOFEEFREZFMU 7. ZHVonEOfE LT, TREFYITHS] ©
(MR eBTES], [NBTHD] BETFOND. LIAH, HOoDFEEFIANYF
FEHTHY, BMPIHERZ XTI AR W, ERETHE TS50 Ry b BT
DOEHZEE LN, FOFEYKREZETERASZLIIR#EETHS. BEIZILL, £
DG TEMEEHTEIRMEPBETHS. TDD, V71 VEMEEN, akRy
~ D7z DRI FERERE I U T E R 5.

Z I T, Kawewong &1, A ¥ 71 ViBINEEPRELEEN—ZADFEEFEE
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RELZ M. LT, T MM & REBREZIT-> TREiLTWS. &2 A,
1% 5 OFIEITEMED BN AN FE OB O MBI 7 & DN KT 5 D AR
5. ZhiE, FEHHEOEDEEOKR AL TWE O THS. TOHHIE, £H%
£ EE SOINN BEHT R LI T AR V7 DI-DIZHKFFINZH5DTH D, Al
WEEHT 27NV TY) ALMBFELRL, BICEBD Y 7 AR &R OMREYE T3
K, 1 DODFEBMT1I OOWEUPEETEIRNEZOTH 5.

ZZTARTI, 9, HOA—a—I b3y VT —2 RAITH LT, KAl
FERIZ T BREHHFROBE L 7L 2D XL %EM U, S HR O K722 Bk &
WMo ANG. 2 kD, Blilid 0 FHICHIET I ENTE, HIZ1 DOEHHET
R OBUTEHIZ T 2FHB A2 5. B 0P| CEHMRARI LI, #Hix
PRERTNGE R % S T BT, BRI L T B M op Rl 12 B3 % a2 3% T RE
BRIEEBERLTED, FEROERZFEFHLTWS. T LT, WRLZH R
Za—=I0haxy 7= &EALT, FEEDEDPDLRVEER—ZDH iR Tk
EIRET D, FHB/BDIRNT=D, FHREESD LD, SRR EERROFE &
EBEZHEETEEZOoNS. ZFUT, [ ® [T & FAkkDEE CAFIEDFHf %
119, BHETE, /A XEZZVWDHREOEET — R 2R/ LTVWET X —2y b2
SHLAHEERTEL I L E2MRL, AFEFROFEAMEIIOVWTLERT 5.

RBBE, AV T4 VEEARELR SVM P REINTWS 23], & 247, ZO%

B2 W82, ZEHGEOHVENEOBUZHAIL TE Y, EBHEOEINIENE
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BORBOWNMBFRI AT 5. AT, "—ZXF741 22 LU TSVM 2 HWEFik
DIERESHTH720I12, AV T4 VFEICHRTRENEDNH 2Ny F4HE [ &
DI Z 1T D .

DA%, AZEEFIDATO LS ICHEEINTWS. £3, DA TN L7z H S

—a—I)Nhxwv b7 —2¢, BER—ZADOHCIEBEFEDOFMIZOVWTAHRRS, RIZ,

|

R TIFRETIROFMIZDOWTAR, ZAFTIHERTIRICET 28R L FROR

BUIZOWTHRS, 812, ZAHITIEAZEDF L DIZDODWVWTIHRRS,

22 REFE

ZITIFEY, B =2 —F )Ly b7 —2 (SOINN) (20 U T, #HAfiE#R
DIEEH R HEERME 2 IO AN, —DDFHBTHEHBONFRZ FE L 25 Fi&
“STAtistical Recognition-SOINN” (PAB#E, STAR-SOINN) %#{£#Ed 5. TDHE, £E
UZZHEHR =2 —F 3y b —20 2L, AV T4 v #E e IR TR
B EMEEROFY L BB TR IRET 5.

B, ZOR, FEHHE LU TSOINN 2 A ML, FEHHRoT—xicw L Tk

WIZEHBIRD 3 DDOR 2R D720 Th 5.
o FHIZXNT 2 HAEMMAAETH 5Kk

o VI A VEBINFEENAGRT D 2 Kk
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o EHMHD ) A4 XTI B0\ /1 Xt

FARETIE, UFOHEZROLIIZEFZLHVTWS.

722 YReEY ORI (F: ) > d)
B M WMRCEHMORE»RATITY (B BREK)

SN, BN EE T ) (T B

2.2.1 STAR-SOINN

SOINN [24]] iz U Tt 2 EL D A, —2D 3y b7 —27 TEEE &2 FE T

5EIIZHETS. £, KD SOINN IZDODWTEHRT 5.

2.2.1.1 SOINN

SOINN & (%, SOM [ZA2T7 & GNG 28] IZE M2 B THEINZFETETH 5.
BEARIIZIE, NE—=VBHROANICEbEC=a—ay (J —F) WP E 1T
W, AR — NRLOBSY (TyY) 2HVWTHEELEINE 2y N =2 ET
IV TH 5. BUESOINN IZIFEBORGE (T TY XL) BEFEL, £ < DX TH
frEnTWwWab R4R9H3. ZDHTH Adjusted SOINN 24 1%, i SOINN & FEA~R
T, NI A—=ZEID2 L, FHERMIPE N EDEALEAH D, SOINN 2 W7z )E

R CHHAINT WS BRI, TD7-HAFETIX, Adjusted SOINN 2 HET 5.

19



G

R % O\ 72 KRR

( Initialize )

Input signal

Find winner
and second winner

J

< Between-class >&
Insertion?

i

Between-class
insertion

/\

< Build connection? >

T
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C Output results )

Figure 2.1: SOINN ¥ # 710 —F ¥ — |

RETIR

S D7T-HIZ, Adjusted SOINN DFE 7))L TY XL D7 d—F ¥ — k% Figure ZIZ
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2.2.1.2 STAR-SOINN O E

STAR-SOINN I&, f€£D SOINNIZXF LT, KEL2D20DHBZTHR->TWV5.

1 2%, /— NOFARHIFR, KU/ —RFOEARY MLVEFHT 5UHEOER
Thb. Tk, KD SOINND XY T =TT —XDANNERF IHATFT 5 [HE
(AT 2R EN) 2BIHT 2HNTITR>TWad. kD SOINN TlE, A
HENF T — R D 5 ERDERIT 72 > 7212, /A ZDOBIRMIE % 1T > Tz,
L ZAN, HIRWIEDOY 1 7 VDT, BOEETALDINZTF—RE, BVWERT
ANENT—27T, /A XDOHIFRIIEZITS FTDOAT Y THARL->TW., T
D& S mERIE, ANEFRIZEEEEEREOALLENMDREND D THELEZLZ
EWTESL, TIZT, BTCO/—FIZHUTEHREEAL, /1 AOHIRWLEE TD
ATy TEIE ) — RTCRICIZED EDICRRE TS, /7, /1R T 24 EsM
DL, BEARYZ MVOEHFUIEDO e 22— 1) AT 1y 75, B2 X582 HE
J — NOFEHIFIZ 1/100 2 FL B0 EDFEILR E%2FTR>T V5.

£5 121, /—RNIZZ 7 ADMEHEHRZEBIMLUAZHBNRTHS. SOINNIE, 1 v
N7 =T IVE AW SZ — VIFROGEE N D BT TR 2 RIBA A2 R FF L T
W5, UL, 77 ACETEHAEH D T—XOFEICEAL TIE, RiZ#HE@wR1PINT
W\, FDDHERIE, 77 AT LIZAry b7 —2 (SOINN) %fERL, #ikT —

RE, TNFNOXY hT—2HND /) — ROzl dT 52T, 77 ADH
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ExRITR > Tz, BRIIZIE, BT — 2 e &3xy N7 =226 U CTREIEB D
J—RZBRL, Tho /) — R eFilT— X & OHBORMAREENRY T =20
I A%, MEINZITALEELT Wz, EZAD, ZOFIETIE, 7T ALH
D SOINN DS L 72 b, ¥2EBOTF — X OERFEHWERI A2 5 28 & Ll $ 2 [
BRAH o7z, BT, D I A TOFEKERZIEHNTEROHERPFIEL TV
7. TZTAMTI, 77 AZET2A0MESEZ 500 LT/ —RNIZNnd %
By, 2y N7 —20ZIZEDLET I NUEROLE 21752 8MT 5. 2
Nz, 12032y N7 =0 TETDI T RAZET 5HEREFEETEDLD, v
N7 — 7 BOHIEATE, BEIZIXFHRTEUMED @D & 5 2 DB KSR & 76

THILENTES.

2213 F7ITJYX A

STAR-SOINN O¥E 7 )L ) AL D70 —F ¥ — b % Figure A2 =9, Bk 7
VY XL, HHERREIZED RS20, ZITIESRLR.

FHEIX, KEL2O00MMIZRIFEZEMNTES. /=Ry IVREDIRY b
7 — 7T AENE L, A ADREERITS ) — NOHIRWLETH S, Zh
5%, NE—VIEHRE 75 AT 2EHMEZOMBP AT SN EITFERFTINS.
BlzIE, N2 —UiEHRe UTHEHBEOREAR 2 ML, HEiES & U CEE MGt ing

YR DIEIPEN 2 EDY TR 5.
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( Initialize )

Increment the age
Input the data of edges
Increment the age Delete old edges
of all nodes (by agemax)

Find “winner node”

Update the weight
and “2"d winner node”

vector of “winner node”

Insertion of a
new cluster?

Spread Labels

For all nodes ---4--------------4

Agenode==nA? &
# of neighbors < n?
neN

Insert a node
as a new cluster

Delete the node

!

Give labels
to near nodes

Connected?

N

<
ey
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Figure 2.2: STAR-SOINN O##EH 710 —F v — |
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(1) *v b7 —27 OFEH
HFRTFT—R (RNR=VIERE, 77 ADHNMEE) BPAhIhEE, 27K
DEfHEA Y IZVAVNHD) TS, /= FROEHEIE, /= FPFEIEL TV
W2 RS, I, ANWRR=2 2 ) = RFOBEARY ML E OB HH T
5. TNEFIZ, AJINEZ—VITHRBIEVEANZ MLVERED ) — R (G511
E/ — K winner=“w”) &, 2FBHITEVWEANRZ MLERFD ) —F (G215
H/ — R 2myinner="“sw”) ZPET 5. Equation @2ZI) ZH\T, ThH2
DD/ — NI B HLERIME T, Ty BT SH. N IE/ — N i ORBEEE /) —
R, Wild/ —RiDEAXZ ML, AIZSOINNBEDETD/ —RThb. 12

BIgE ) —F) &iF, Ty VTERINTVWSE ) —RE2ET.

mﬂm—mHW#@
T, = 2.2.1)

in [|[W; — Wil| (; =
pin | il Ni=9)

I OHELEREL? S, AJIEHRVET L7 I AXERET S, AJINE—
VEE L — NOEARY ML OFEEED, F1BEE  — N ORELUEZRIE L
DBHREW, HULIE, B2WE L O, B2EOBLEREL D RS
WIBAITIE, ANBBRIIFLWI SARTH L LHET S, TOHAITIE, A

TNR =V BEHART NV, 77 ADOHMETZ2 T NIVIERETHH LWV —
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REFHATS. SNUEREIE, R4D7 5 AL DOEEESVEHREZELTWS.
BIZIX, “2 TR iZT5%DEERH Y, 75 A3 LIFEEDLRN (0%) Y

PELFR I N TN 5.

— /T LS DG AR, ADERE, B1E — 8, E28E — NIEH
— I FARIZBT B EHEL, B 1EHLE2BEORICERIBZEOT Y V2 E
RT3, BRZTy UDBMFEET H5EI121E, TOITYVDEBREEFRIZTE. TyY
X, 220/ =KW~ FARXRTHBHILERL, Ty IVDEMIE, TNHD
= RPMD 7 AR LHES N ERT. KIZ, B 1BEORE — K
OHT, F2BEDUNEERH L TV Y VOEHME A V7V AV N (+1)T 5.
Z D, EWD, HANCEET DN A — & agepa, 2R BGE, TOITYY
ZHIERT 5. RIZ, FHE1BEE// — FOEAXRZ MV W, % Equation @.2.2) (Z1€
WHEHTT 5. M, \EE 1 BEE ) — RSB EICHE | BFF 2R o2 EE, VIEATIR
R—V%RRT. WRIZ, ANINT 7 A0HBEMESE2IEIZ, B/ — KD
ROV L, 2 HHS 5. Zhid, BIBE — N 2o —F, RO, %2
sk — N e DBz — Pz U Tirbh, B 1X Equation @23) 12, &%
i% Equation @2.4) 12 5. Cld7 7 ADHEA, N, (N,,) X8 1BE (B2 5
H) /—FNOBEE) —FOHEEG, LMZ/ —RiDIIF3AmDIN)VEA, S
X2 7 AmDARNINEAMES, Ui/ —RiDI VBB EICEG I W

[ TH 5.
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AW, = (V= W) (2.2.2)

(Vi € {winner} UN,,Vm € C) (2.2.3)

ALY = (5™ — L)

2(U; + 1)
(Vi € {2™ winner} U Ny, Ym € C) (2.2.4)

(2) /1 ADRE
2w U= DEHE, /A XOTMREESEW S — FOHIRETS. ARTO
“OA R ek, HBEBEENMENT XD 2ET. LOEHELY, HDHMHE
Iz U TE L DAIDTFbNDE L, /—RPIy UNR~L LIRS, B
J— NOEMBWER S, 2070, BitE/ — NOBIADLRNZ Lk, £ O
AIDPDIGNZ e 2R L TWVWS. ZORMEZHWT [ — NOE#mDP /T A —
RNDREE] & TBEE ) — ROBP T A=K n X D/INI W] D2OD5M4R

PIIZETHE ) — &/ A XL AR UHIRT S, MIHEETOMREE, niE
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A ADEZZHTT 5.

J — R OHIBREHZIE, FD/ — FBE2 I )UERZEWL ) — NIZEBESE5.
I, EREEMGTIEATEEA DL WVEERSABHIRL TU £ 5 algetEd’
Ho, HIFRIZE2HEZRETLHMNTITS. 11X, HIBRT S/ — FOEA
R PVEREEVEART MVERED ) — R fn DTN Ly, KO 2%EH
WZEW S — R sn DT NR)V L, (2K L TIT 5. B I& Equation @2.3), #%# %
Equation @2.8) DEHRIZHED. K4 1EHIERT 5/ — F d KD I NV DESA,

Ly (L,

L) &/ —=Ffn (sn, d) DZITAmDITNVER, Ty, (T,) &
J— K fn (sn) OBLERME, Uy (Ug) & Ly (Ly,) PEEICHER X 07z
WEXT. %7, Dysn, D, 1%, Equation @27), Equation @28) TE®D, Wy,

(Weny Wy) &/ —FK fn (sn, d) DEAXRT MLEKRT.

( L — [m
d fn
_ Dy, <Tj,
Ut 1 (D < Thn)
AL =
Tp (L — L)
Dy, > Ty,
{ Dp(Up + 1) Dy )

(Vm € Kq) (22.5)
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( m m
Ld - Lsn

/T 1 1) Dsn S Tsn
2Uom + 1) ( )
ALY = <
Ton (L7 — L)
DS'I’L Tsn
| sy (Do)
(Vm € Kq) (2.2.6)
Dpy = W, — W4 (2.2.7)
Dgp = [|[Wen — Wyl (2.2.8)

222 REFEOT7IVTYILA

AHITIE, HTETIDO STAR-SOINN % G H U 7 B4 IEH D B D% FI% (Attribute
Transfer by STAR-SOINN : AT-STAR-SOINN) (2D W TR 5. 3, H%X% Fig-
ure PN R T. AFIEE, FEMIIZTRY M THE TS 2642 2w (1 #
PEH, EOERZRE) EHWEFEIOCHARETSH S, L 2A0, HEOHBID -
®, FigureR3H L OCLROHIIL, #ikd 2 ERIZE&EOE TRz W74 cidid 3
5. ARPEIZEFH I - MET - 0d Y, fiETRANINT—
AEHVCREMER—ADFEZ2, #EHECIFERBE2ERL, 75 ADHEETS.
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Attributes data of training c\lisses

Labeling Attributes

o STAR-SOINN :
e.g. SIFT-features Only fraining p.h‘?s? Creating networks and recording
x V \u, statistical information of attributes
__| Features
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1
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1
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Figure 2.3: B4R 2 W 72 KRR (2B 3 5 IR R F IR OB EL X

Figure Z3ITl, #H 7z —ADAT v T2EH L _HHRTRL, Bi#l7z—ZADA

T T REME LTI TRLT VS,

2221 #B71—X

B, FEHEGRD) S FOHRESINREEME L, ZORBIZFE T 5 E/ED
2 ADROBMHEEMNINT 5. ZOK, /7 AL EHEDOREE DK (Figure 23]
D “Classes & Attributes matrix”) ZFHMHALUBEMHEZSBT 5. Zhik, £ETOI TR

(EYeUEL L) BR> TWBEIEZFIFELZBDTH Y, ADHEFMIERL TA
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FIITG 2 5. ZORE, BLEEL, “BhEAH 5 & BN O fEY, FEEE
(RO L 212005 1 OM) TEHEIND. KIT, I INREERZ MLER—
ViGH, BEMEMEE 2 7 AOHEIES L LT, REEICAER S 72 STAR-SOINN ~ A
HU, FHIED. £z, BUCEHT I AR pHBEHLOVHBDO Y T A% EHT
5 ERIZ1E, STAR-SOINN D A %47 5 BTk 4 % Rl 2 £ L T, &4 D
JBEOBEE 2 F T D, T, BRI L 72 B R OBIEYLE I W T

B, MHLEKEFHERIEET 5.

2222 HEII—X

9, RBEGE»SPE 7 2 - X FUREEML ST 5. ik IhizRe, =
DRI IR S % STAR-SOINN 2 FiWVWT, TNWZThDEEDREE %KD B, RIZ,
“2 I AL EMHEOBEEDR #HWT, RlEGOI IR gEMHEET S, ZO—HD
7T A g \ZBET B HEREIX, Equation @2ZO) 126D, Z 137 7 ADESE, MIFEED
£E, QIEREOES, V, ZANEHGORE D& —>, am 37 57X 2z LJ@M%Em
DEEEZXRT. BHEEIX, 0<a™ < 1T, 1IGEWIZEEEENRGNZ L 2RT.
R BRI, 282 7 AhOEMEm LBEMEE WY T 20 BEHEO TS B
FMEWT 5 ADEMMED I TH b, Equation @210) B & U Equation Z.2Z.I1) T
WEINDG. Z,3FEEHTE7 7 A0%EG, Z,3FEI I AD 1 FEH»S pHHET

DY T ADES %Y. Equation (Z2I) * Equation (Z2210), Equation @2.11) O+ T

30



B4 ¥ & PO 7 KGR ER RS RETIL

HWwshTwg P (V,) OEFH% Equation C2ZI2) 12”7 . ik, FEAAx—ro
kB DEHEEANRT SV EKRD (k-5 © k-nearest neighbor [AQ]) , £ 6D/ —
RO T RIVDFYTH B, FHaERDBERITIE, / — PR OBECEREE N
7-EEEEE W TEAMIEEEE ATV, BB, N, (V) XV, D kEDERFE ) — K
DEE, LY, Wy T,.) 13%#q D STAR-SOINN WIZH B/ — F i DJ@EMm D 7

NOVEA (HANZ ML, BHOERME) 2R3, £72, max(a,b)lda & bZ KL

(24 — 1))] (2.2.9)

RZﬁ_ZZE D > > Py al (22.10)

m 4z q€Q 2€2,\Z, meM

RFD K ZflizRT.

P - g (R Ry

ST

2€2 meM \qeQ

R = S5 Z Z Y PV (1 —al)] (2.2.11)

o qEQ 2€Z,\Z, meEM

1 L™ —0.5
m _ q,t
PV =1 > |05+ T (2.2.12)
iEN (V) max < 1, e , )
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Training animals Test animals
40 animals (unseen)
& o new 10 animals

Example:

Attributes
estimation

Transfer
knowledge

Hairless?

Using
“Animals&
Attributes

Matrix”

“Pig”

Lion

Figure 2.4: WHIBE 2 FI\ 72 HIERERS (2 B 9 % FEER DB
MEEY O ZRMAL T, REEHGYOEMELZRELL, oMz #E

2.3 REREFM

23.1 EREE

AREBROMEM % Figure ZAIZ R, AEBRTHWS T — Xt v M, Lampert 5

DMERL L 72 “Animals with attributes - A dataset for Attribute Based Classification’™ T &

Thttp://attributes.kyb.tuebingen.mpg.de/
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Figure 2.5: RFZERTH W 72 BP0 —H#l
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Figure 2.6: ARSEERTH W 728 & J&@ M D B E
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5. ZOT—XEy M, S0FMEOEYOHE G (FigureZ3) &, &% DEW)L 85
FHEOBENE OBEEL2L Lz —EEX (FigureZ@) & ENTWS. b, KFERT
HWon2BEER, “BlELH 57 & “BEB LW O fHOATH 5. 50 FHEHOH)
oA, 40FEEZFEH, 10MEZEHBHE LTEDONTED, TNETNOFHYIC
XU 600 BFEE OER AR I N T WA, REARERTIX, 6 EEORHE [{H
5. TORE L, SIFT [ &, SURF [EZ], pHOG [E3], rgSIFT [E4], LSS [43],

CQ [ FEE Iz 5, TNZENDE A NT T L (Bag-of-visual-words [B€]) TH 5.
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232 WERFE

PERTFIRE UCTEMENRE W28 TRz 2 OMN 95, 7714 SVMz2H
W7z FL [M4] &, Adjusted SOINN R4 Z W /=AY F 14 VEEFIL [ TH 5. A

%, Hi& % “DAP B L U'IAP”, % % “AT-SOINN(Attribute Transfer SOINN)” & FE.X,

2.3.2.1 DAP & LU IAP

DAP(Direct attribute prediction) & IAP(Indirect attribute prediction) I&, Lampert 5
PRELZFEHANTHS [, Znol3FETLINAENRLD, DAP TIZEME & H
BRI OB N2, TAP TIRXZEEEY) & BERREOEN: 258 5. £ D7D DAP
DA, Rl SJ/IEORHEE 2RI L, TOMAGLENPSEYZHEET 5.
—JIAP X, KD o FEMEY E OBEE2ZRE L, TOMAGOED S EMEZ
HELT, HIZZDRERMEE»STHY 2HET 5. Lampert 51, FE&HE L TSVM

ZHHL T, DAP & IAP DFE FADE W L BHBEOL L 2 HERLTWAS,

2.3.2.2 AT-SOINN

AT-SOINN %, SOINN [24] # A7 DAP F RO TFETH Y, ARETIEHIRD 728
ZEEM Z EliR 9 5. £9, AT-SOINN OBEZEM % FigureRZZFL Y. RIZ, FEH 7 = —

AR 7 2= XDV THRR B,
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Features | SOINN-based attribute classifier
-=> . :
Extraction I |

Training animals

Feature-1

) ¥ {
—>| Labelmg Attnbutes< nly training/step) | | Labellng Attrlbutesq nly trai ,g step) | | Labeling Attributesonly training step) |
Positive l I I I I I I I I
00
C TIEE
3t qv ol b
|mages of Attril bute i A A—M A-M
V

V

||= RAmcsRte | Finding k nearest nodes from both positive and negative parts |
N || . matrix :
v

| - e e ] —->| Classify by considering the ratio of positive by negative |
mages of -

" M : Number of Attributes = Training and Test phase == Training phase
|__Testanimals __ Dataset | Q: Number of Features ==+ Test phase

Figure 2.7: AT-SOINN O f % [X]

@, [ = pos?] +dz,, [ = neg?
g = argmax (Z (Z ( iom L@ pojg ]+d: e ey ]>)> (2.3.1)
1 q,m
1k
—EZ:W 1] (2.3.2)

1 k
EEZW' Wt (Vo) (2.3.3)

FHT 2 —XTlE, HE»SREEME LT, BOEMIZHK > T SOINN % HW»
FET 5, BRIz, 2coticd LT, BEELRD 5 EMEIZOWTIE, 0
JEMED pos-SOINN ~~, BEHEMEA 2 WEMEIZ D\WTIE, neg-SOINN NEi#E A N5 5.

ZD7=8 AT-SOINN T, BMEOE x KO x2fHD Xy N7 =2 DRRETH .
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Bl 7 == AT, IR R =, 2TOREMD pos-SOINN & neg-
SOINN IZH LT, EANRZ ML Oz ke, NE7ofdz kEZERL T, Ok
Mefdds. 2ok, BYeBEEOBEEZHWCHMZEL bbb, B EifE
T 5. —#HOHUENX%Z Equation @3 1IZ/RT. g3 -8, Z I3E8MDOES,
MFEMDES, QBREHOMBEOESGZRT. o ZEY) 2 & EME m OREN: 2 £
U, D H 5 1 HEITIE al = pos, BN HEITIE o =neg &3 5. [P
X, ZEPHETHZLEE, BATHELERZ LTS, &£, d, & THT
1 Equation 23.2), Equation @33) & VKD S. V (ZADEBRDOKE g DNKZ— 2,

Wp

q,m,t

(V) (W,

q,m,t

(Vo)) \ZRY ¢ TIEEEDS m @ pos-SOINN (neg-SOINN) O H1T

V, Lt BEIGEVEARY MLERT.

233 FH@7AEERER

PRETFE (AT-STAR-SOINN) %, HEKF1ED DAP & K OIAP [[4] £, AT-SOINN [I7]
DR THAMT 5. IREFIED/NNT A =KL, X = 600, agemes = 100, n = 1,
k=13, p=25TH5. Thold, BYOEEZ DR U PHEROKRIZHE DS
REUZ, BBEBRL BRI, )= 200,400,600,800,1000, ageme = 50,100,150,
n=1,2, k=9,11,13,15, p=10,25TH 5. F7=, BEFREIAVIFA4 VFHTH
5728, ZHMEFIZL OIERPELS. ZTD7/d, DBEOFKERIL, EHyZz2 7 v X ALIZ

ZZH U, 10[E5E4T U2 Z KT 5.
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Table 2.1: K EHEWIZ X4 5 FRFK D kb

Method Accuracy(avg)
Online | AT-STAR-SOINN 25.72%
AT-SOINN [I7] 26.96%
Batch DAP(SVM) [[I4] 40.51%
IAP(SVM) [014]] 27.83%

Table 2.2: {ERK X 3172 SOINN O & 545/ — R D Hig

Method # of SOINNs # of Nodes
AT-STAR-SOINN 6 1,952
AT-SOINN [[I7]] 1020 347,082

%% DRGHE % Table ZINZFL L, FE R OFANC AT T 5 M % Figure 29, Fig-
ure ZIONZ /RS, 70, T 2 TOMFERFEI, R bRE L 2 TOFRIIBEWT
[FIRRIZ B EE & 70 B AL DI %2 B T WA, I, FEETFIE (AT-STAR-SOINN) &
AT-SOINN (2 DWW T, ZEBOFENRET 22y FT -2 0L, T oD R
354/ — N%E Table Z2AIZFE Y. 72, FEHEBHROBEE 2L I G /-RFO KA
BV 2 iRiER DR % Figure ZRIR T, BEEIIE 2 T O E¥2H L 54
100% & LU7=¥FHEGOHETH O, RAKIFFHEVLDZLWE (50%L0F) DOFRHEE

DEAZRLTWD., RUTEBEOFT MR Z, £ 5 DR S W BOEL & 17 -
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24
21
S
> 18
[8) A
1 (/ e AT-STAR-SOINN
=2
S A AT-SOINN[17]
1 mmmm Approximate curve (AT-STAR-SOINN)
mm= = Approximate curve (AT-SOINN[17])
9 1 1 1 1 1 1 1 1 1
1 6 11 16 21 26 31 36 41 46

Percentage of learned data [%]

Figure 2.8: “ZE HEGE D E G & 383 D LR

FERART. B, EERIXFE—EE (CPU:293GHz, XEVY :8GB) TEfL 7-.

24 ER

24.1 REFEDOFM

D33 L0, BEFIEORIRIZ, Ny FTHEHULZDAPIZIZE B Ny F¥EET
IXEBRECHET 20Ky MADOEENARAEE), HRE3ED SOINN % 72 AT-SOINN

CRIETH o7z, TD XD RRMEREZ B A S, FHRZ DAP IZHAK 13,034
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AT-STAR-SOINN 468

=7 minutes

AT-SOINN[17]

SVM[14] 6,100,000

=70 days
0 5,000 10,000 15,000 20,000 25,000 6,000,000 7,000,000(s]

Figure 2.9: “FEHFHIC & 5 g
24,295 W DEHRDFEE T H D B IE CRehl i e[ E 2 BR <)
RETFIETIE N 52 MO % 8 A HE

AT-STAR-SOINN

105
=1.5 minutes

AT-SOINN[17] 15,326

=4 hours
=2days
0 5,000 10,000 15,000 200,000 [s]

SVM[14]

Figure 2.10: @l RFE1IZ & 2 HLiR
6,180 M D R DFRANZ D7 B HGRT (RSl % 2 BR <)
REFETITIROESERZ 17 IV CHEERTHE

40



2. EER N2 T\ 72 JGREEAS =

fEH# <, AT-SOINN (ZHARHK 45 53 < 975 Z &AW TE /2. HIZ, Rk % DAP 12
HRH 1,765 f5# <, AT-SOINN (ZHARH) 146 5 T 52 e N TE . £/, /—
R%% AT-SOINN D 0.56% (il Z7=. DF b, REFIEX, AV 71 V¥R THS
AT-SOINN & A OFZ#E L RE DD, FEHWICEHCTRELRFE S LORMEERL
TW5.

PERTFIE [T & HeRT, SRR & RN M 2 M © & 72 B g, A& ARE D
3y P =IBERELBRLTVS. 2y NT =2 DBBDRVEGS, FEEE R
AR L IZ BT B 2 4T D MBI D e b, kT I B icry U —
I ERMERUFELUTOED, BEFEEIRY VY= 2 TOREHHRERET S 7
RUEBALT, 2y N7 —=2HPENEOBICIHIL W EEER R > TW5b. ZD7
B, 2y N7 =28 TableZ2AD & 5128 Y, EE bz EfiTE 7=,

F1Z, DAP [I4] & AT-SOINN [[7]] Tid@tk: T & icFEHB 2 FER L TFEE LTV
D, MEFETIKI20%EHE (v by —7) TR2TOEBEE2FELTWS. 20D
728, Ll ZEME (EREICIE S — VINSGEWEERD) BEET B8, ZhTho
B E T AR, MOBEEOFEEREZEA LA S0FENMETHL. OF
D, HEEMEEFEET DL, B> EELEEFEATHNE, REEDEY
Z5ETSHIENTESL. ZOLDITREFIERE, ERTFIRITHART, ZEYMRES
DI FEDVARETH D, EBRIZ, Figure R 2R T 2L, REFHEITFVER TR

EBE ELUTWA, MAIZ2WTIE, Ny FEETH D EIMNFEEMITEN 72D EHH
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2. EER N2 T\ 72 JGREEAS =

LTwiaw., ZoRkE, DRnwEEEGIZLFEZEBL, EMRD XS REK
RO BIECYIRDFZE N B EL R B EBEICB T, EHICEHTHS.

AR U7z & O i & R EOHIRY, FEMROMEE, ta—< /A1
Ry PADEEEFZE L 72 TGRS U WA 2 IR 2 S8 S 2 ARl
DHERTRGFHATH 5. TD128, KEEFIEN IO ORIMFEERHE O R,
MD—DIZRDH5LEZONS.

ZTDO—HT, BHBICELTE, Ny FEHFETHS SVM 2 HW=Fi% [[4)
CHRTETLTWS., ZORKELTEZSGNDDIE, SOINN VKO A VT A~
FEMIC LD ZEEDETHEBLTVWEEEFITWS. £/, VT4 ViBINEE
THEIEL CWAARIBEFEE, RiMEECESOENRNEFEEL TV, IS5 RIZDWN

T, SBRUARKMUBEHITAREFETH D LEZAT NS,

242 A5 —xv NDEHA

BUE, P#ET—XIE, RETADPENUSZ20ENHB. LITAMN, FHITARE
YA ERTH 2 EMPTCOEHAEZZRL 72K, ZOENIIEF ICREE 5. —
AT, BEER LAV R—2y NE2HAVWEZ LT, L OHEGERIIZAFTE
5. LIAD, RREEZBDONLZIZE o TREINZBDTH L7, /A XLl
NHEGEE L. £ T, KEEFEDFHE SOINN 23 FED / o Xifth 2 FinwT A

VR—=2Y N ED A XBHIRTBHIE T, ABRFEE T X BT TIZFEETES
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The sample image for the attribute of round.
In this case, this image is got from searching “basketball”.

Camera

T a—

number keypad
0.10886 0.1044

Glazs attributes
15t 2nd 3rd

watch iphone cup
02913 02768 02240

The most likely object is “watch”.

Figure 2.11: 1 > X — % v b LOEG % W7z 3R
KFEEOWIREE %2 3 v b EOEGZ AW THEE U 7265 3R
FEo: GRARER, 4 HEERSR (LAVEYE, FAMWEK)

T EMELT A, 2, A VR —3v N EOT—RIBEBERTH D, KFIEDEH
PEeREEEREL RS,

FBIZ, 1R =2y NOEGEAVTEET LV AT LAEMEL . £ 3 Hu
iz, FEYKR MK ENENDOERIIGE Ao TWS. FE T 2 —XE, B
RT VYV THEEPEROAREMBLEZ Y v a—RLTA Y I4 v FET 5. RBilk
7 z—XlE, BATORICEPNTWEHODEMEZHEE L, HEE2HVTYIREHE
T D, VAT LAOBENL, FigureRA&FKTH 5. MERORMIER L, FHPOR

WIS B W TR £ 47 5.
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BRRREBRONA L, TOREZLANICET. ZEYKZ 25 H, HilEikz
STEME, @Mz ISTEEHE L. W, FEWkicn L CEBICRED Y YV B2H
WT 100 DY L4 A VG (REEEG) 20fF 072, OGN, S, HGEDREK
249 % pHOG Fiffis 3] &, VRO DAD pHOG, b A~ 7T L zhfihi U
T, TNOEARBEFEEHCTA Y I v ¥EF I, RERTHM L ZREIX
RMREVEEEZEMRL TOREINLTWS., TO%D, RBlEENR IO THTR
BEMEERTLSZLIZLD, KV BEFRHERPBONDEEAONS. ZORIZH
WU FERH (X7 vo— RERERE 2z & E20) &, 4REETHo72. RIT
RiBYIARE AT ORI E, I 0o RidEE it Uz, RREEFIEORH
WELZA T 572, il LT, REWARTH 5 “Wikel” 2 A DY A7 LADRER %
Figure ZIINZ /R Y. KA OLEMDPANEGRTH O, f AR S iz @D dcRaE
EREW AL 3 DD EN:, A NP HEE S N EER SEPNZYRO LS 5 L\ EfL
3D0CTH5. ZOWK, FREHHEEDZ, 2TORMOATERMIX03MEMTH -
7z, PREASHRE UClE, 8THOL T OB U CHMRO RN Z 1772 5> T
ATz A, 9EILL EOMERTIEMICHE T2 Z LB TE .

AR AT Lk, “CVPR 20147 @], KO “HEiEOZRH - BFES >~ RY 7 L (MIRU
2012)” [E8]], “HEifft > > 7Y R T L (SSI2012)” A9 74 ¥ D&, EEKE DqH

HYBRICTEETEZEMUZ. TITCREEDODHIZE T TV I % W ICERET

2Google Images (http://www.google.com/imghp)
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EHTLEWEL, TOREMEMWR L2, BERIIMAT, TNENRAPE L -
TWelz®, RBFREROZIMIN T HHEMESMARA L. ZOYATLADEBRIZLD,
AR @B 2B (F—T— K&, 2oUERICET IR 252572
JT, HEMWIZY AT LADHEZERLT, TNz2HWTHORIO® O %3G 55
BEMMPHENLCE/2ER 5. 72, PMALEMICET 2% EZ BB CTEHE TS 4
ELBAEMF TN TVS [ME. ZOLSBFHREMAGDES I LT, TBRIT “F—

7= F?DATY AT LADVRHEZELGTELEMPAEBATELLEZATVSD.

243 REMEDEMEHIFR

REFEE, BUEOEBNPEDIZHEETH S, REKFIED AT-SOINN X DAP 74 &
TREEZEMIE254101%, —»oH LS EEBREERT I2H6E DS, — /T,
REFHETIESOINN BMEE L TWE I )LoBInTxsd 5. 72, FHLL %Y
T—RIZEATAIMAD LY b T = BEIET UL, TNV DHLEIZ K O BRRFIZ G T
5. ZIUL, FICFEE T BIEMEE SRR — VT RNE 5 2RSS, BRIZEE R AT
HLRHCNRNTH S, HAMHEZIIDE, *Yy NI =2 ETENS>TVWE /=R
IZXHLUTH T RVEREILIS 5. 2% 0, Hi-lFET2BEOHME X SN
B, FOBEMEIZEVEEINZ2Y NT—2 2T IV EILRT 22 2T,
RNVFEHEB TR FEENTE 7T 5.

Figure A3 IZ BRI el 2 /R L TWad. EXO XS REE2FET5 ke,
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True distribution for attr.A True distribution for attr.B

A SOINN network

_ A new learning data of attr.B
after learning attr.A

Figure 2.12: 7 ~OVHEHIZ K 2 %ISR D4
B BB 2 BEOMEREE (SR THES)
N EMEA 2 TR URIZENEB 287228 U256 O SOINN

BELATHOE S 2y N7 —2% SOINN BMERFLTWA LT 5. 22T, Hirtk
BYEBIZDOWTHEET 72012, ARHDOLIBANRHo722T 5. T5L, £T
J—=FR1LIZHUTEEBBRY T 1 7 THhLERPFHEIND. TDHK, T IVILEK
&b, J=R225 71 LTHRLEIICRY T« T THBHEBRIMEFEEINS.
DFD, J—=R2S TOHEBIZIFAIDRINTWARWZEEL ST, I AgEE

55, BYEBOAHIONZ R 2 DDA IZDONWTIE, HEZxy NI —23FKIN
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2. EER N2 T\ 72 JGREEAS =

TWaWed, =P oZETIMBENFMLT S, ZDLSIT, INVIEHEITFS Z L
X0 BB U CTRPICNAEETH 5. &b, TDO—FHT, ZOMRDHI
EFHE LT, RE=VIZM TV RGN B o 7ziE (Ry N7 —2) &ROHIH
ZHEUIZAWE WS SDBEIET S, ZOED, FEBE2EREHOHLXTHE L
Erons.

F7z, BELUZBEBEOHIRLBRAICARETH L. 2 D0EMEOEEHE AL L
&, 200%E#E (ATSOINN TIE4DD% v b7 —2 : THEFND pos-SOINN &
neg-SOINN) %2 ZBTEHENH L. L ZAH, BEFIETIE 1 DD SOINN HMEE
LTWBIRVOBEUEERTRD Z DA THIENTE, DRWVEIR I A b THEfTA
RETHD. BUEERS T2 LT, #E OMIHIC R O kEiE, HREOHIER Y

P TE 5.

244 EEERMEDH DEM

REFRIZ, ECEFED [ L AN TEEOEZDOMHIZRRED D 5. BR
Wi, B & @M DRI 2 i CEFE IR TH S, [EEFIETIE, BIEICHL
TBEEH O & “BHER L DZNZTNUIDWT R Y bT =T ZEKT 5728, i
EDEMZ KD Z eAtskmn., —TRETFIETIE, @R TERI N @tz X
DEEJRD ZEWARETH S, £/, [ TREFEFEEZHNVSZ L THILAIHETH

LriRonNTWS, LU, BERAHEEHWSZ & CRHERKEOEMPERI N
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5., —fT, BEFETIE, BELEZRAY NV —2HETTOE INICARETH 5.
RBAEOIER L, D EHIZ, MEEFHAL -, SEEE L 2EEDEH
X, FEUVWUHKDERIZEN D, EHLEEROYARICS U TRICEETHDL L E X

L.

245 SEDRE

SO L LT, SOINN % STAR-SOINN ORI RT3 % T S b, AFET
IX, SOINN BHERINIZED K53y MU =2 ZEERLTWB D0, fERI Nzry
FNT—=2%2 DI BERTIEHLTOWEONETRHELLTVRWL., EHSHERD
MR THDEEZD A2y VT —IBESEEHANTWS. ZD7®H, 451 SOINN
OHERI LR BABETH D L FEZTE D, TN X 0 ARFIED A ] gE#H: P X0 56 72
HUNEMREDOFRIZEND, RBROM ELHETHLLEFATVS.

BBz, IBREFHELECETFENRE DEAIZ DOWT TableZAICE & H 5.

25 FEH

ARETIX, VT4 v CEMNFEAREZ SOINN (ZAREHRIZE T 2 Hat G a2 A
H3 2HEE# 47\, LW STAR-SOINN Z 42 L 7=, ¥RIZ, STAR-SOINN % fH\\\ 7=

JEMER—ZA DR H A FEEZRELL. ZOFRZHANWS Z & T, /ERFIKIC
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Table 2.3: HRD H s B9 5 & F LD kb

Method Proposed [ VY|
Online
O O x
learning
Speed of
O A X

learning and test

Transfer
O X X
learning
Easy to add and
O X x
delete attributes
To define a real
O x A

valued attribute

AT, FEEICEERZE /2 EH U, BHIZlE, SOINN 23HD /1 Rz
X, 10X =329 N EDODTF—XEWS T ENTE, ADNFEERT— R 2HEfETIZE
BT AMMIGEORBFRER2E L 2. 77, ZWREMEOEIRHIRY, BkLE

MDOEZBIZOWVWTHERL .
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< IV F T — XOVIER % W7 GRS

31 Bx

R CIE, EEEHREZERLUZEHCERICET 2 PEREE L. —HT, oRy
MIEERUAMZH Z O VY 2B L TH Y, TS5 DM AL RO LGRS
TTHET 208y MUIBBERARZRERY T4 %5, Tbb, BRY MYE
AT DGR MBENER e ¥ Ok~ 22tV IERZIEH T2 2 2T, AR
Tk, YRZREGIIHNr 2 RS RE L5,

< IVFE — ZOVIEIRE AW YRERERIC BT 25, RRA RSB T ER S

TW5 BOHE4]. U722 L, Haasch & DHF5E [BO] X° Nakamura 5 O [B10] 1%, BEXIY)
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OB EERL TH Y, RIEPKIZ DWW TIZERA A 2N, Araki S DFF5E [B2AR3
X, YVFE—ZNVEREANZA YT VO EERLTNWDE., LA, H5
DIHWT WS REIPIA (Unseen object)’ 1%, REWIMK L [E L AT TV — DYk %E %4
LTWaiy, ZEHYKREIEEICLUE>TWS. HIZIE, Xy hRMLTHIZS &,
ZRDRY bR MV EFZEHLTWASRIZ, FPEHLUTWRWEEHO XY R ML EHEE
TEHZLRAHETHEH, £<FEHLTORWIRED S oYk TS L 728132 1
WTARY MR MVEWS KRR ZHEE ST 2 Z LIEAFEETHS. HIZ, Ozasa 5D
e B4 &, FE U ThRWIIR CREWIME) % <V F € — ZOVIERZE W TRl
TOMMEERLTWS, L L, REWAEZ “REME & UTEMST 20HIH
FoTHY, Ry MIRIWEPHOENIZH D Z L UrAT s 2 A TE AW,

ANDHEIEBREIZH UKL, ZTDIZEAERKRHYURTH Y, ZTNoDFED T8
P ZCTHHET 2 Z EAHSRNITIHEEICEHTH L eEZ NS [[EH] LT,
IR DK F D IR R 7 & OWIMRD R OME &R 2 TR U, #IZE TEAE KT &
2R BETTETNDS?, “EhPTW RENREITOND., HIETHRRZEED,
Wi E OB R OIS FEZIEEL TV, L2550, 2 ORI Tlimifk
DAEZNGIZLTED, B2 BFEEHOY VY H 5 DBEIEHEDHEZME TS X5 7%
FIRIZHD AN TV,

Z ZTCARTIE, EEOORY 5 IVFE—ZIUEREZIEL, HAER 2TV

JE M % HEE P REAR FIE 2 IR T 5. FigureBNZ, AHIZEDME % /79, F7z, TableB
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Table 3.1: ¥V F E X —)VIFGHRD H A IZB T B TFIE & o g

Unknown Multimodal
Method Real-world
object sensor
(01 O x @)
(10 O x O
A
2] O O
(not attribute)
A
4] O O
(only detection)
[ﬂjﬂ X O X
Sec.
O O X
in this thesis
Proposed
P o o o
method
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Via Internet &

Mate tea cup

Multimodal information _e=*""""

g
V 'Iiissue b&

= e | guess it has attributes of
lBa:Foo mieu cylinder, paper-made,
light, soft, curved and ...
f ﬂﬂ!p

Experience of this robot ﬂ
Ilnlmown @

ohject (papercup)

Robot in Brazil

Ultra-fast multimodal attributes estimation

Figure 3.1: ¥ )V F € — X )UEH % O 72 JIGRIERS O 2

2, REFIELMFEL QK ZRT. “Real-world” I3FERCERFE CTHRETE 50D
7% U, “Unknown object” I RAMIADEN 2 TE 50 %2 /R L, “Multimodal
sensor” XY IV FE— R IVIFGREZIEHTE 2D %2R L TW5. FigureBITlE, KX
Yk TH By TEREFRT HEIT, HATIZ TRS»0] T v Bz @k
B UM OYMKDORERE D HEE L TWA. TOME, Moy TR <o D2
ZERUTOVDORFZRLTWS, KO TEZHANS I LT, Z5LAERERY
N OB EDRING, RAVADORENFEITAIREL 205, 72, TOM%ETIX
WHERELTVWAHERY NOREIZRERET, 1> X—32v MEOXY MU —27 %#H

THZ e THDOTRY POREREIEHTAZE2EELTWVWS
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TNTIFRETFEZ BARNICER T 5. AREFEIR, fIETRELZFERITH
U, B~ IVFE—XVIEHRZ SBENIC IEHTE 2 U EZ IR LUEAL
TW5a. “RAEMIZEIE, BEZLIZENETNOEXY T« OFMEZEL, Thz
ZRLUI-MEZERT S, i, EXVTAICE DRI TCE @R RESSERD,
X)) T4 L EBUEOBBRENEETHL-OBEAT L. HlzIE, HOHBN IR
WHEETH Y, BEEBRISEZIIROBENREDETONG., ZOMEEZHELH
HUT, ZOEAVICEDE, F2DEXY) T4 o FoNZEBEOEAVOR AL
BWVWERT O EAT 5.

Iz, FEOORY PS5 IVFE-XUVEREZIEL, iAW TREFE
DEMEZ EBNIZFEHET 5. £72, FEERITRIYMARDEEZHE T2 E®REZ1TS.
BARIZ, oy M OEBEAM e UTOMREER, 12X =%y hOIERZEIZDONWT
BRI D,

AREORKIL, RDEY THS. FTBRAMTREFIKRIZOVWTHENS. BIHiT
FEOT Ry b AW, BASITER L SBRORBIZDOVWTARRS. HEIZ,

HiTAEDE LDOEBXRD.
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32 REFE

REFIEL, ECROEGRE AW E2EFEEL, MEHORRZEHRD X VP IERD
EHAANCHNEUZFIETH L. ZOK, [ERFIEL RELRRD KL, TNETNOE
Pz U CTHREXY 7+ OBEE CHAILYT ) 2FHICHEHT 2L, 20
FEA W& SHIRFICIG T 282 EBMLTWARTHS. ZOBEEEZHWT, Bk
DOREZ LI EEEOYBNCFIHAT2EXY T4 2EH LT, BHECTLHEL MR
ZHEOBMIZISEE B 5.

Figure BAVREFLEOMIBETH 5. AFE (VAT L) F3E»S520, 1EH
DR A T 2 AIE, 2 BH DB L RS X — v o2 FHEC X 0
I 288 — 2V, 3EEMMEE S NENE W TYRORE X EIEDEREZ1T
VURVETHD. UNFET7 -, Rilhi7 = — X, WKORE HIEOFEM %

TS, b, AHOLRRIZHET S X EOEK % Table B IZ5 9.

321 #Z7x—X

9, BARY MO SEREI NS FZEYMADE R F 22 EDREIERS, 12X —
3w M SEUGT 2RI T A ER» SREEZME T 5. iz, i
K% STAR-SOINN IZ AN T 5. ZDFR, FHITA2YIKZET2EMEZ 7 ~NVIER

EUTHIS 5. F0VIERL™IZ, BYEmPEOGEIZIEL, HO5EIZIE -1, FE
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Symbol 7 Dictionary Related
a!ler :Relate
Attr01 : Yes (098) g @:Non- “ABC”
Attr02 : No (0.12) / e Gl related

g >
Attr03 : Yes (0.63) 7  “Apple”="red”+ball"+..\ _Attributes

AttrxxiYes(0.75)|;}|l Motion Control information . ABC
‘> G af\;vtograspthecup rasp

F

L

Integration I—IR Learn “Relationship value” which is a value between an attribute and a modality

Pattern,
Layer STAR-SOINN
%o o : Pattern
@‘ cé) c& Cluster
Feature,
for mﬁge Be labeled
/ attributes it has
Input
Layer
Extract Extract Extract Extract Extract
features | | features | | features | | features features

T 0O 1
o8 § - 1%

Image Sound Pressure Weight Temp.

Figure 3.2: ¥ )V F & — X)VIEHR % F W 72 HERIER (B9 2 IR R F L OB E X
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Table 3.2: A= T DS D &K

Letter Meaning
X All inputed and extracted features
F All types of feature
num (A) Number of A
k-nearest nodes around extracted feature
N} (X)
for feature f in *SOINN(=STAR-SOINN)
L, Label weight of attribute m on node n
in *SOINN for feature f
O, All training objects
Qg The objects until object
X All extracted features for object ¢
- Value of relationship between object ¢ and
’ attribute m (“positive”’= 1, “negative”’= —1)
k,« Parameters of this method
O All objects
M All attributes
- Value of relationship between

object o and attribute m by dictionary
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BAE (—1 2L E1MT) OEBEIEF0MEE2HWS.
LT, 8 alilHUBEOYAEDZEEERIZIX, BRT 57 £ — XD % %
BENZERL, FOBIZUEROEEZITS. ZORICEEINZFTBEREZH VT,

B EXY) T4 OBEE R RN TS, TOFFMIL, REITIHER5.

322 RHT7—X

9, ARy b SHUE S N BIMRICE T 2 EBOBEBERD S, ThEho
FiE 2 il 5. TNoOREX &, ZhZH D STAR-SOINN HD / — R & Djf
BEEFHU, kAR — R NE(X) 2Kk 2 (CNN) . 205 kD —RD T~
VIERE FINT, R f o83 280 m OJEMAE AT (X) % Equation B.22) & AT
B 5. B AP (X) OfEIE, —1<AT(X)<1THb. TO%k, ThENOR
L0 ko7ZEIEE AT (X) & RP 2 VT, BRANZENE AY, (X) % Equation G21)
THETS., 20, A7 (X) D RPICXZHEANEVIITHS. R, BHECEX
V71 OBEEEZRLTED, 87 2 —XTOEM o B LABEDO ZEYMAIZ T 5
RimrE L, Bquation G23)-B23) # AW THET 5. ZOMHIX, FE 7 = — ARFZ
PRI 2 AT 5 7RI U T, BYEOEME (E2ME) &AW CTEtkoHe iz %8
U, BEEBOZThETNOEE%E KD, TOESEZREKT L. 4E, EBEPEHMEOL
BITIE, TOEAVWEITHELZRIET. TOLOBMEE RP OENPKEWVEE, W

Kl f 3B m 2580 LY W\WZ & Z2RT.
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A (X) = (3.2.1)
num (F) Z R}
feF
m 1 m
AF(X) =1 > L, (32.2)
nGNI;(X)
Ry =T =17 (3.2.3)
1
TTVMD — Am X . 1 bm 24
/7 2 num (0, \ Q,) D AT (Xo) (1+0) (3.2.4)
E(O)t\@a
= o @t\@ > A (1=05") (3.2.5)
0€0+\Oq

AEDEEEORHAETH Y, 0K, B YIAOBIEE 27K U EEE 2
WA ORE R, BIEEEICSbEZe Ry oL R E 275, AFIZBWT

i, WIRREZERLTH D, ZTOFEMIZOVWTIXERLRT 5.

VR D sz et (iay 77 ) 3L <ES
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323 HEZRAWUHKROEE

BEROMRTH 256, TOMEPRDEERO—EE2/TWs. £, REHD
MK TH->TH, TOYRRDAEZITIS Z LIZRGICEITAGETHS. Hilx
i [I6] TlE, ZToWAl&E %y b EOXET—X L b BB CEST 214 %M
ELTWD

ZITiE, hRioAELvYMREBHEORBRBREZIAR L -HELZE SN D LIRE
UTC, MADREiEzitdd 5. foniEe, B22ADORM 7 = — X L &
SN BN A™ (X) % W C Equation B2.8) THIA %2 RiET 5. j 12, FREINh

WD/ SHRAZINS.

j = argmax » A% (X) - (1+b)) (3.2.6)

[1S0) meM

3.3 =Bk &M

RRETROANMN 2 EBIICHGEES 2 KR, ROVIKADOREM 2 e 5 F5%z
TV, RRETFIRZFHIT 5.
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33.1 BMEDREE

ORY MBI OMAREX ) T4 DRV LD T —XEEEL, BAYKICRS

% R & B K ORI O SR ] & FHEN R & U CERMICRE TR 2§ 5.

3.3.1.1 ZEERIRE

ARMFETIZIANDETERE FTOBREZ HIEEL TWa 720, 2 TOERT — X,
HEERET, ADPEBRIZHEHAL T AYMEAD SERELL 72, SEERCHH L 72 20 O
Wik % TableBAZ, A LZaRY b, oY, UKD A% Figure BAIZRT.
Table BAHF DEMIZDOWTIE, KER P $ 27D ITFERNITH T TEEL 722,
FEIPEEICET 2HHRIZE TRV, HWEERY 51 HlRIL, YWikz ke 20
SRS Uz R, WK E TNz D, WIRRE O SIARTAR, YR &R U 720
£, MikoOERD SHEETHS. BARKICIE, FigureBAD & 5 2Pk ZHLIZE
AR T ZANTRAMD SR I NEGRE, YERZINWEZRIZY A 7 XD BRI N5
T, PR EEEY VY ORI 7RIS S A NAIIR, B v & D G
INDMEREHFFURIZZT S RFES), BV I OVNBEINIYEOERETH
5. ThEN, 1 D20OURIZOE 604, 258, 100#, 301, 30 mEMFL -, 2,
Ay X =7 EYEHEIRIC D u Ry MAEEF T E R WIIMADIE I, 5Pk

ZEMIE, TOWROKRFENZMRALTWS. REEITZENZEN, YIEROIRIIZN L
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Table 3.3: ASEERCHHT 2YKE @D —E

Aluminum can, Steel can, Paper cup,
Cleaning tool, Bamboo cylinder,
Japanese tea cup, Plastic cup,
Object Crockery cup, Cutter, Sponge, Bin,
Pet bottle,Paper cylinder, Glass,
Paper, Clear plastic cup, Paper dish,

Whiteboard marker, Wood, Book

Cuboid, Triangle pole, Cylinder,
Shape
Plane, Stick, Spray, Dish
Metal, Wooden, Crockery, Glass
Material
Attribute Paper made, Styrofoam, Plastic
Surface Clear, Flat, Curved
Fragile, Irrefrangible,
etc.
Handle, Letter, Hard, Soft
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Camera & Depth sensor

Stereo iR
microphone "

Pressure
sensor

Figure 3.3: L7z Ry b, oY, YAkOsH|E]
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Example of images Example of images

Cleaning tool Sponge

Example of images Example of images

Japanese tea cup Book

Figure 3.4: {# /i U 7z E{&IE & D — 4
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Aluminum can
Bamboo cylinder
Book

Cleaning tool
Crockery cup
Japanesetea tea cup
Cutter

Bin

Glass

Paper

Paper cup

Paper cylinder
Paper dish

Pet bottle

Plastic cup

Clear plastic glass
Sponge

Steel can

Whiteboard marker
Wood
© O %~ O X >C < C 0o 0 O 0 O O L~ L~ 2 o
Q—oocomwﬁoi’vwggzz%mggdggo
Sa28P 52T L8 edg c 2L Pl 2
& =0 9 ¢y =30 EU0% 8L 800 =
() o o L |
QL O g c LT O
&) = <5 S, =
< O a o) %
g © (2] t
'_ & B

Figure 3.5: REERTH W 7Pk & J@ Mo B
e <Bdd o>, TR (B L
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T D 60 {X7t?D pHOG [A3] F##&E (HOG B3 #HiEE X—A & L T\W3), FFT [34]
XD RDONTZ 24 RGEDINNT — AT My, SRR DIERRNR 7 M VRT3 60
RICDE AT T L, RFESD2RTDEME, HED 1IRTTOFEMEEZ AW, O,
AL CIEEBREZ L TW5720, KE XD &Rl oM & E LR 2
RUTWD. HlzIE, HEOEBEIZOWTIX, 771 YEHIZE S 5 A /GO [HE
IZH LT EEEENE A2 R R W R VT WA, £z, DIEROFHIE, K =507
OANY F—vay (REREE) B 2AWTT—2%&201), MAadbEesERT
20 [FIEML, ZDVIEEBRL TWD.

Ytk o @M1 Table B RS 23 O EEZFIA L, HEEICYTIEE 2@t
Figure B2/, FHEF STAR-SOINN 23R D/NT XA — &\, agenae, 1 IEENTH
650, 100, 2 U, $BEFENREDO NI A=K E, alX, 3, 9& U7z, 05 I3WREK
D7 LT/ 2 AR BRI K D E L 72, £72FEBRIZ2 T, CPU A 3.00GHz,

X E) NGB DEIE T > T\ 5.

3312 EEBRER

TableBA X, FIEEMHEHATEIERXY T4 2L EU-RORBERDOER 2R LTV
5. ZZTORELIE, Equation B20) K Vo izj &, [EffE R 2YMkDERS
—HREERT S, X)) T OFEI nEEOLGE, nflOEX) T4 X0ES

iz n {ADJEMEME AT (X) Z W TYIARZHERIT S Z 2 2R LU TWASH. “Naive adding”
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Table 3.4: BFERVTKEX ) T 112 & B FWERE D g

Methods (modalities) Accuracy
Proposed (5 modalities) 94.52 %
Naive adding (5 modalities) 79.12%
Proposed (Image, Sound, Depth) 90.48%
Naive adding (Image, Sound, Depth) 77.76%
Proposed (Image) 53.15%
Proposed (Sound) 73.63%
Proposed (Depth) 68.40%
Proposed (Pressure) 41.25%
Proposed (Weight) 42.11%
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3.0

2 5 E . 2.59

2:0 — Proposed /
15 ;__B] ///,
1.0 E ///,

0.5 /
- e P 0.11

1 6 11 16 21
Number of learned attributes

Figure 3.6: & IF[E D INZFE 9 5 L

Learning time [s]

ik, B#EE Ry 22T1E LT, HFEXY T4 200 0 mkE2 Bl F e
LHFEEERLTVS. ZOMRIVREFEZ, XY T DEEMANISL, Hiff

WZEX ) T 1 ZEKT % FIEL “Naive adding” £ 0 £ HWEBEEZ R > TW5B Z LD
RTE .

TableB31%, AEBROFHE LFMICHTE T 2HE 2R L TWS. ZOFIRIFFHHE
AERELTWS720, FHEHEORMEZ”™LUTW5. FigureBalk, JEMEDREM
AT B 2 PR W - R OB A [T7] & L7275 72 RLTWS, T
DGR L D IEFEROMBEE L, fERFELVEERT, HoukRy b ECTHaIE

HTEZHMETH L LHERTE .
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Table 3.5: e EFIED FHHE G
CEF R + 228 B U <1 3R

1 object learning

48 imgs

227 + 32.1 [ms]

20[s] sounds

206 + 6.84 [ms]

80 depth-infos

774 + 69.3 [ms]

1 time recognition

24 prs.-infos 0+ 2.56 [ms]
24 weights 0+ 1.34 [ms]
Total 1.32 [s]

An image 4.73 + 1.06 [ms]
A sound 8.27 + 0.73 [ms]

A depth-info

8.92 + 1.07 [ms]

A prs.-info 0+ 0.214 [ms]
A weight 0+ 0.158 [ms]
Combine 0.173 [ms]

Total 26.3 [ms]
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332 RNMEDBEEDHE

RIZ, RAYEOEE2HE ST 2 FEMReE ML, KATFEROERNEZHERT 5.

3.3.2.1 EERIRIE

BATHDERTEZH LY AT LR HAWT, FEH LU TWARWRAYIRD @M% #f
EIHED. KMPYIMAE LT, ~THKDAY 7L, F7A4 MFR—FAVLV—Y—, 71V
aR—NR—DFDIFEHOYEKEHBE L. ThsOYRE D <L FE— X ILIEH
ZINEL, 1 20OPMRIZDE20/lDT AT —X Xy MEK L. ZOTF—Z+&v b

ZHAWT, BEOHEZEMT 5.

3322 EERER

Figure B&, ¥ THDAY TEHRT A MAR— KA L —Y —DHEERE RO — il %
RLUTWS, B 7000IFEXY) 74 DM, N—OEIZEMMEOARE X, 5K

PRI EMEIZHEEINZEBHZ R L TWA., ITEDHY TOHERERIZOVWTIE, &

MBI OWTEWENMEZRLTED, £TELLEZEAXATWA., —/THYA b
R—=RKA L= —=lZOo\WTlE, “BEAEK VI ElzE&zoNnNTRHRW. TOMEIZ

EA” OFEEYRD TAKRY V) & TR THY, EH5H RV PAR—-—FA1 L —

— P TVRWZ EAFRERATH D EZLND. ZhiE&D, FELWERE k&L
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LINE2

i

3. TIVFE— X IIERE F W7 A1

Threshold

weojoiA1s
apew Jaded
sse|o

Aaypous)

9jod 9j8uenL
plogn)

(4 h)
=
g

—

=

g £

SE

g5

=

918eaq
pamnn)

apew Jaded
sse|n
Aaxpou)
uapoom
e’

ysia

Aeads

3PS

aueld

Threshold

J9punjhiy
9jod aj3ueu)

ﬁmw»w»»%
mm A 'm

Figure 3.7: REYIARIZEE 9 2 HEERE R
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B o RSP 2 £ > TWARIMERIZOWTIX, HEXREETHDEEZ LN
5. B Z DR, EMOERMED S EAMEIZES 572012, 2 TOYRIZE T 5
iz 1 OBELTWS., 72, ETORMYIKDEMEIZET 5 ORFHEIL 89.3%

TH Y (Precision : 82.9%, Recall : 71.2%) , FRaiZH3H> B K 1EAY 25[ms] TH - 7.

34 EXR

341 ORvy b OEBRKIM & 22 A8k

AFHElE, STAR-SOINN DA ZFHEEGRE UTHHALTWS. 2070, AL
FHWPIFEETH Y, FHLTOBEMCHE e BN EUTVS. 2Dk
BRE, BRy NEORBEAME L CTHEANTH I LEZSND. TOHEBE, €
V)T IO THEBOXE VETBRENRNDOTHS. Thbb, ffi—k
MIRWFIRIZHANT, EXV T 1 OBEMIBEGICETHRETH 5.

HiZ, YLVFE—XIVERZIEHT2 LT, X0 AQBEEIEWYIAD )%
IO ENTREE B, BIAIE, Moy FTeiay 7285 EIF2HOES O
REJIFZLTWS. Ry MWK OIEREIEDRTIZ, WAL R D@ % HEE T
EHZLITLY, ZOES MR EEEER T EATELLEEATWS. FEEE
CAFEEZHVWSZ LT, flay 72ROV L 27#L, HEi%d5
M2 EBTE .
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342 A5 —xv NDEHA

RIBREFEORAE L 2> TV B EH PR, TR LzeB, 1V X—%v
N EDOEGEREL, MBI VESNE ) 1V —REREED S WK IR 2 %H L,
RHEDF; D B2 EG A SHEE T 2WERME EBLTWD. 20K, Zhoo
TR WG CEMI N EEE, BfEAXY b ETRHHTE 2EEH T — XA &L
MRV TH D, LIZAN, SHOBRY MOREEZERT 2L, MOEXY
TADEHAT—RLBIIAHIN TV EEZ NS, ZOIR, 2v MDAV —
REGR TR E KB U IREFETHNE, ZhrsnfishseEzonsd/

V=R NVFE—RIERIZHEBIZGIETE L EZZ 5N 5.

343 SEDFRE

RAPED 2 ¥ BB, JEIEDEE WD O BAMEIZY) 0 X 2 BfEA % 2
5. AT, AFTEBMEZIE L. BEOIREHEE LT, BEOHZ L
ZHRGE U TR 2 BN 5 J5iEe, IS S EMEIE 1 D UAaEidenwie & o ek
L OHFIPREN: 2 W TEIRT 2 SRR ERE Ao 5. BUHIZEL T, %%
M TAREHETHDLEFEATND.

ARFETCEZETMAEDENER, FHAZADPBAADLENDHDH. —HT, I

FE— ZIVIEROFHE & JBIEIZIER IR IZBERL TWS. Z0kd, EIEICEY
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3. XIVFE — ZOVIGER & F W 2 HIER xed

DY T — R EMBBELETIZ, FEHINZRAR—-VERNPS I T AR VI FE%E
HwadZeicky, BHEE2RERT I e TEBTREMENERISE . B ITTH 5
X, 82DHTIVT, INVFE—XIVEERPSAT IV 2HET HFEEZERELT
W5 Bl ZOLSREEFELMAEGDLESEZLT, BRY NAHEBIILFE—X
IWERPSBEEZFR LT, TOEMEEZFE L, @BIMIERICN U CEMfE % Efid

L5FIREMPETESLHLEEZATVS.

35 F&H

RETHE, IVFE—XVERICESBERERAL - BB FEEZREEL .
Tz Ry bASFEEL, EENLSBONZEXY T4 HREHAVT, EERMIZEE
FHEOENM AR L 2. HI, EBRICREMIREZTRY MIER 2L, ZOWkD
RoEMEZBIRICHEE Lz, Zh& b, AFEEMAVWS Z T, YILFE—XUER
ERWEZBEENZORY N OUKRE#EEZFEBTE2L2EITWS. LT, KFEEN

ORw hOREBFMIC B0 REM L, 1R —%2y FOTFEABREIZDOVWTEZEL /.
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Chapter

B S R 2 B\ 72 KR RS

41 BR

EED B R Y M BHOEMARIZIERT, —BRE~TKRY NRBGTLHBIE
WeEZH6NDE, I3, BRY hOEOORMFERIZOWTI, REMEE
Bz b, BIERTTEHEMEPHMTE 2FHMITHBEINTVS., BRYy FWAL
BT DL, AR EELEDSEEML ARy 7 () Z2F>0 Ry bAFH¥E
IhdeEZOND. TOXIBREBIZT, ARy MIfFE2FHIEL L &, BIK
DRERENENR L >TWEZDH, BARY b—D—2Zx U TEMNIZFEH I 50

TEHHB. & IAD, WEENBASNTVSORY ML TTICEE S5
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ZEFEBRENEEEZONS. £Z T, Ry NALTEEH UM Z LGRS
RSB 72 5.

—fiZ, TRy FAMRET AHRE L VY PRERE L Y R EIT OV T, FROR
MEROR VY EAR, £EFy ) 7L —a v 275 22 CHBILEDTRETH
5. ZDO—J}T, Ry b OEEHFERIZOWTIE, aRy OWEK 2R (B2,
WOEXRE) PEELRY, ThoDREZA—bd 5 L IN#HL LS. £D7%
O, o Ry M2 SEHREMGZELTE, T2 HOS DRMEICEDLE SHEEINE
5. ZTZTARTI, vkRy METOEBEBRROLEIZOWTHEMT 5.

Ry b OBEFEHROZEHIZE U GRERA A I N TWS [B8HETF). #Ek, H
Ry FOEWEERFEHTHETIE, BARY NOETIVEREGLT, £ Ih 5% AR
TEFEN RN TH o7z, L TAD, HANZTETNVZIET L7 L QWL BE L
1257280, W, BN —ZATHEETLIFEMEATETVS B8] 72, ETAUN
B L o 72356%, WEIZIRADNE U TWZGEIZIX, EMREENHEKR WY
DODEERLH D, HIZ, AXREDVEEL2FEEHT L HEEZEZA-L &, HHICHDD
EDOETNER/TVRY. ZNSDOHENS, ETVEHRIMIARLRVWFEDIZD
DEERTHZLEZLNS.

Z ZCARTIE, MERR—ZACFEE U ZEFEERICET 20Ky MNECTOiR® (i
Fict) FIRE2RE TS, TR’ FERE2EEMIZHM U, EE2HWTERERIZOW

THEILERZITS. BB MR &I, BBt (V—ARAAY) oaRy b ETHE

b={110}
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Robot in Simulator Real robot

Different
Specifications
e.g. length of arm

Adapted by a few trials

on this real robot

Large motion
data by simulator

Figure 4.1: B){EE#H 2 H W 72 HERERE OB

BUEEBEY Y TV E, BBE (=7 Yy FRALY) OuRy hAELT, &H
ZovuRy b ETEBILTEEUAEELER TSI L EEIKL TV,

ZUT, Bz, EBxonRy ML, WHNZET IV CHEEINEZMAMEDY D 5
oy bel, BBEOURY M, —BREIIHEINZORY TS T,
RO R Y M TREDREEOFEE 2175 Z LN TE, EBEOBRY b TiED
BOFHUPERBZNZEEZFRLTWS. 2O LS 2O R, A3 CiEB %
EBHR 2 FEAIRET 5. ARCH S MEOBERK % Figure IR Y.

PERMIZEE LT, ADaRy MIFZED 258 A BHk4 258 [B9) °, AD

BEEZ O ARy bR IE S5 B0HE2) 72 EAVEIT 5 sh, EndbaRy hEHD
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Algorithm 1 SOM OFEH 7L TV X A
Require: W:weight vectors of all nodes, I:all input

vectors, t:current iteration, «(t):learning rate by ¢,
0(t, x,y):learning rate by ¢ and the distance between x
and y
1+ 0
for all input € I do

Wnearest <— vector of the nearest weight from input

for all w € W do

w 4— w4 at) O(t, w, Wpearest) (input — w)

end for

t<t+1
end for

A SRR >

B ZEB LTV, £7z, Bocsi 6%, FRRIZT Ry NETOHGRZERS 2B L
TWBM, EBICEL TP EAHZERL TH 0, HIZKHZERZENTWS DI,
PCA FDIRITIEMIZ & 2B D E DR TH 5 [63.

ST, BA%H (Competitive learning) D—FE& LT, v b7 —2idEEHWT,
AT =210 U TR IZZEI 217 5 FIETH % B Aflliil <~ v 7 (Self Organizing
Maps: SOM) %* Kohonen 512 & > TIREI N T3 ZARZGA. SOM I 134k~ 7225t
RIEHFEPFEL TWDE D, AR SOMIX, fEfkL7z=a—8 Y% A>T
MO -2 LRI AEREAE D, TORITIEHI NS SOM DEHAIZ, AN
HUTEFE=a— B 2 HHT5MEEZFF>THED, SROHNFEEEIZEWTIEHT

SHAREMEDR DD EZ 5NS. BARMIZIE, BB THRERLZSOM DRy b —
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J%, WBECTERLULEENREFEHLUTCERTSZ TRy MY -2 DkE 2 IR

MIBIZER T 5. ZZTSOMMREDEFHT7ILTY X L% Algorithm[1Z/RF.

42 REFE

421 RE

ARETIX, IROKMTFIZH HEERIT RO 2FEO T Ry N TOEMEE R
DB TFHEEZIRET 5.

(1) BARY PR OB ORIZILIZEFEL W
(2) BEEIELAS O BRI R A
(3) REItlE, ¥ I a b —&X ERMSEEHRFEICH D, REOEEY > 7L % IS ] 6E

(4) ERBEIE, EREL L, DEOFEY v L0 AR HE

AETOORY b B L%, BIOTY RT7 2 & (end-effector: ADFIZ
Wi BH0) BEBEOBHFABHIERZ 2B RLTVWS., —fRizaRy b oY
Ktk DSBERI D4, Wi E) Y (Inverse Kinematics) [G36A] = AW 5 Z 12 &L W EE
DGFIIBE X T2 ERETH S, & ZAH, KFEETIEYHREZE VRV

O, BRERX— Z D Inverse Kinematics % Efid 5.
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422 RERN—ADUWEFZE

ZITE, Ry bPEGTET 2L, TOT—XEHAWZHERY (Inverse

Kinematics) D HiEIZ DWW TR T 5.

4221 RBREHILESBSTZT—4

T, WKL TRy bOBLREOLTORMiIA %R 72 n O BESET —
22Xy b I ={J1, )2, ..  jn |Ji D each joint value} Z/EK T 5. millioT Ry b DFAEIZ
&, Jildm PRy vk ns, Z2UT, BEE ) 2HCTRRY b ERBI 8,
HRY SOEFEE VY POBDOT Y R 7 =7 XOMEEEERD, Thit e
T —=R2y N X = {7, T,,..., T} (&%, XY FEHP, XYZZEME) 2EKT 5.
vIial—&X EouRy be¥, YEEMENEERIDOLE121E, Forward Kinematics [63]
EHWS Z & T, HMEMEHRORERFZEMET 5. RB, TV N7 7 XOMERE
ik, BXRy POBEEI D —REIIRESI NS, INOPRBISER/TET—XT

o, ThorFedzT—%2ty DI, Equation @2ZIEZD) DL H>EIh 3.

D = (J,X) 3 (ji;, %) (4.2.1)

each 7, = f(J;) (4.2.2)
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4.2.2.2 #RERICED K EEMEDHE

ZITR, MOTY KT T xR ETTEDM FEREE 7,0 ~EB) X & 2 BIFIME ),
%, BB L7=T— Xty D2 OoRDELZFEICODVTHBT S, KEMLAHEELT
1%, Toou KT 2 EEDERHET — X 2 BEMET -2y b XOhRSHUHEL, %
3SR i B BE A oD 3 BEEE AN EE 2 (Inverse Distance Weighting [67]) % 7 & 3
5. EIAM, BESING % B9, EROBHEDMAGDEIEE
T2560H250 20md, ME->-EEETH->TH, FEHIELIERICRL S
BINMEET D, ZDHE, BEMEZERZTOEFEEZAWTEgzEHT5L, £<K5H
72 o - EER £ OFEEE VT UL S algElEs 5 5.

2T, PEREMEZERCEBOEEY Y TV ERD -1, BERIEOEMTHEHERD
ABETD LT, BMEZEMNTORMSZE U7z j, OB 7L T XL 2 RE
5. BARIIZIE, XOHNS Zyoy DEEFEY VTV 2y, &, BEROEFEY TV
Xpn ZHEUHL, TNENOBEME J0e & Jpn ZRDB. ZOH, Jpp, OHHS
Jome DL J seromea ZEELIL, NS OWHMMEFEE fi & Lz, Zhb
DEMRHZR T IV T Y X L% Algorithm IR, RBARETIE, XTIA-—XEkE3 L

L7,

URpiz, BAEEDOTEAY, EEMEDIRTTE LDGE7% Y
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Algorithm 2 HW ORI AZ EHKT 57T ) XL
Require: D = (J,X):the dataset of motions, j;;:joints

value for result, ;.4 :goal position of end-effector,
knn(A, 7, k):choose k-nearest neighbor vectors for &
from A, max(a, b):return larger value, k:parameter for
a number of interpolating, e = 2752

Xinn < knn(X, Zgoar, 3 k)

—

2t Tope < knn(X, Zgoqr, 1)

3: Jinn < find each joints value of Xy,,,, from D

4: fone < find joints value for 7, from D

5 Joctected < K00 (T Jone, )

6: Xgerected < find each end-effector of J..jecieq from D
7: ﬂk +— 0, Weym < 0

8: for all (5, T;) € (Joerceted> Xsclocted) dO

9 it = L/max(|[jome — Jill + |Fgout — Tl €)

10: Weym ¢ Weym + W

i’k — ;zk + ﬁ/w
12: end for

13: .]zk — jik/wsum

[
—

ZIZ T, AWMTRET 2HFERROEMIZET SMERE ZET 5.
BIEDIRM &1, B touRy b ETHERS NEEORERT — 2 X—Z Dy,
M5, EBEOTRY N OEEEMICHOERIRT — X R—A Dy, ZIEKT 52 &

EREKLTWS. ZOR, Dy i, BBEOTERY b EIZTHROANE L 7BfED
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RERT — Xty N Dy 12k 5T Dy, 2IET DI ETHERT 5. 728, ZTOH, Dy,
R EDREBRT — 2=, HMICBEEEE T NT 7 27 ROEEEDORT DES
THNIEEL, SOM ZE X7z SOINN 24 72 & 2 Kb W THERZ T 52 &6

ARETH 5.

424 REFE

AWTIZ, SOMAEFIEE, ThEWR ULIRAEREZRET 5. Bi&E, BB
faz2fi]Z2 SOM O EH X & PN TEH I L2 FTETH D, BEL, BBt iEBko
JERAE DR (F23) ZHWTHEHT L TFETH 5.

4.24.1 SOMZH.i% (Transfer by SOM-algorithm)

AFEE, BREOTRY M 6E S N7 EIEEZ FHWT, SOM 6] 225121
TR UZEHRT, =Xy b X, 2ERIELIFETHS. TIVITVXL%E
AlgorithmB1Z5diR 9 5.

RBARFIEIL, SOMODEHA» S ERMINZT VT XLTHBH, HEH
EOETCHEHFHROLE [HIEEEEL TS, KD SOM X, HH T 5 2E-NOILHE

J— REDHEHTERROPE L TWDE. — 4T, ARMERECIE, PIAEZEM & R
RZEM D 2 DDEFMPFEEL TWD. HHFd 5 2MIE, BEEEI EYLEEZS5ND

, BIEEEMNTORMLEEL 2o TWa, ZOMANY, EZZHETHY EIf7:
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Algorithm 3 SOM ZiED 7L 3 X L

Require: D,,. = (Jg., X,c):the large dataset gener-

ated by source robot, Dy = (Jiyt, Xt,¢):the small
dataset generated by target robot, num(A ):number of
A, sgm(a, z):sigmoid function (¢ =gain, x =value),

{as, bs } :parameter

1t 1
2: ]jtgt < DS’I‘C
3: for all <jtgt7 ftgt> S Dtgt do

4: a4 a5+ 9as t/num(Dyy,)

50 b bs+9bs t/num(Dyy)

6 fnearest < nearest data to ﬂgt inJ tgt

7 Tpearest < search pair with ]_"nmrest in f)tgt
8 pearest < Hftgt — Tnearest ||

9:  for all (]2, T;) € ﬁtgt do

10: dj < ||ige — il

11: AT Ty — T

12: T < & + 4 sgm(a, —d;) sgm(b, —dpearest) AT;
13:  end for

14: t<+t+1

15: end for

MR E FRTH 5. £ 2T, BEMEDOHRES FHRICKMT S5 LS ICLEL TS,

42.4.2 BREEGEE

(Transfer by Error propagation)

AFEE, EETEEREOD Ry MO BONMEOED ZHRIZLRIELTF

HETH B, BEIIZIE, ERELVEONIZT—REY N (i, Tigt) € Dige 2T,
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Algorithm 4 FEERRIED TV TY XL

Require: D,,. = (Jg., X,c):the large dataset gener-

1:
2:
3:
4:

5
6
7:
8
9
10:
11:

12:
13:

ated by source robot, Dy = (Jiyt, Xt,¢):the small
dataset generated by target robot, num(A ):number of
A, sgm(a, z):sigmoid function (¢ =gain, x =value),
Q.:parameter
t<+1
f)tgt < Dy
for all (j,;, T1g) € Dy do
a < ae + 9a. t/num(D,y,)
jnemest < nearest data to ftgt inJ tgt
Tnearest <— search pair with fnearest in ljtgt
AZpearest < Tigt — Tnearest
for all @, T;) € f)tgt do
dj < |ljegr — Jil
T; T + 2 sgm(a, —d;j) AZpearest
end for
t+t+1
end for

M TOTIRY b BT j, 2E7 LZRO#%E%Z D, KV HEHLT, TOMEEELO

YU TNT = EANEERBFIETLERIES. TVTY X L% Algorithm @ IZELR 5.

ARFEEIE, TOIFEALEDN SOM BRILEFL L TWB DY, Algorithm Bl D 12 17 H,

AlgorithmH D 10 17 H DEHFHIFIZH WS EA R > T WD, FiElE, HHTH=a—

0 eDXyE, BEE, RO a—nreDEREANTWS.
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Table 4.1: 2 8o Ry MITEHDEX

Arm 1 Arm 2
Robot Src 0.8 1.2
Robot A 0.9 1.1
Robot B 1.0 1.0
Robot C 1.5 1.0

4.3 =EB&

ATk, 2fEEDOaRY b TEREZITS. 2T EE2EBET S 2 0on Ry b &,
3R EREMET B 68 i0u Ry N THB. RICHZE CERNLITE, BETHY

PEDWRGEZ FEid 5.

43.1 280Ky N ETOEER
43.1.1 EERRRE

BOEIVNELZ 26O O Ry b2 4EEY I 2L —X EIZERL, Tz
FAWTEMEEER 2 E ML €, IR0 Ry b ECOMBEEAZIET S, TNEFN
DRy NOBDEX % Table 112, &4 DuRy Moxt U CHEfi%E 20 FE R

WZEP LD Y R 7 = 7 Z DR (Working space) % Figure M211Z/R9 .
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Robot Src Robot A

2 1 o 1 2 2 a1 o 1 2
Figure 4.2: TN ZHhOu Ry MINTHLTY T T =27 X O 0 E)5EK
ARWVER : TRy b OB, BV BREIA, TV TR T7 27 b DR
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FERIZ, BARY b Sre iZTERUZEENEKRZOARY b A, B, CANEBIET
T 5. T OREDREME err = || fige (i) — Tyoul| ZFHUT B, Z DK, ThEh
DRI A BHIPHZ, 07225 180 BIZIRE L7254 (DA “BIMiE I HIfR D 0> &I
¥, FigureE23HIRH O THS) &, 0025 360 EiZ U7=5E (“BIHEIZHIBRZ L
EIER) D2DODRMTEREITS. BEDHE, MEOGFICTY N7 X%
Rio TIT K IRIT, EROBIEEDBAVFES 27280, BEN—REIZEE 5 T8N
KRELRBeEZONLL BBITOORY b Src i THEBLEZT—ZR—AX, %
NENOBEBDMEZ 0.0314 = 7/100[rad] T2 LzKIZE SN 5 7Y v N EDOE
fifi T — & &, TNEFETULROEEM (XY V) THDS. £D7H, D, DY
> 7OVENE, BEEEZHIBR S D T 10000 B> 7V, il LT 40000 Y TV AR5
7z, WD Ry N THEEE L7 Dy, 1, EIERICERE X N7z 50 FEH O BEifE & =
DFEFEfE & U 7=

A %, AR 2 (2 3% X A7z 200 6 T O BREAHIAT DY & Ty (N T B35
BR%, Tyou ZHAERIZEELTI00 Y NERL, T OO EE D V-V & [EHE
fREEFAWE. 72, BRI, UFO6EEOTF— 2ty k&2 HWEa 0 fE

ZAlgorithmZ & 0, AP LLL LB X5 ITHIGLTWS
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LSrc Bt caRy NTHEEY Y VD, 2RH LSS
STgt  WERETURY b THEEDEY > T Dy, ZRA LGS
TSom SOM ZREEHWTHE L 56

TErr EEEREEZHVCER L -5E

LTgt B EICTREY Y TIL2ELGAD

kB, EBEOTRY NTHAELAKREDOY > FVF—& (LTg) ¥, SHDE
BRIZB 2 HEmN AR/ NEETH D, BIETIIEERERY Y TV —Reihb. £
72, SOMEIEDINT A—RiZa, =1, b, = 0.001 & U T, fREMLEIEDNNT A —
Rita, =012 U7, IN6DNT A=K, —HBEBHLEREE- LEZ 505 BEEEHHE
ZHIBRZR L oBa Ry b CADIEE T, AT v TH%E 0314 = 7/10 & U 7= 56 DEER
UNEBEERR) 270 TEBUZ. T U7X, {10%n=-3,-2,..,1} TH Y, *

NEThmREMEZERHAL TV,

4312 #&ER

B IR & b DG DALERZE DO X % Figure B312 R L, HlRZ LD
O % Figure B2 R 9. RROBEBRT, TN60HOTXIE, 1Ry hZ &Iz

TR TERILTWA. &7z, TNENOTYIHE, [EHER%E% Table M2 17T
FEOHBIOBINEETS Y, BT R R TR
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5 04 F T T T T T
3 03 . =
q-) —
% 0.2 —— L
So1p —=—
5%
O ot 1 1 1 1 1
LSrc STgt TSom TErr STgt
Method
_04F T T T T T
9 —_—
3 03f =
o +
[
Boof == == L
81k
U) .
a ——
oL 1 1 1 1 1
LSrc STgt TSom TErr STgt
Method
T T T T T
= 06
o
Sous| ——
)
S 03f 3 %
S o —
® 015
o (= | | | | —
LSrc STgt TSom TErr STagt
Method

Figure 4.3: BIEIEIZ IR D O D56 OERE)RRA
E:aXRy bANDEERE, Ry FBAOEER, F:ukRy b CADIER
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Distance error

Distance error

Distance error

0.4
0.3
0.2
0.1

0.4
0.3

0.1

0.6
0.45
0.3
0.15

0.2

4. BhPEEHR % O 7 JER R F2BR
T T T T T ]
+
— a
—_—
1 1 1 1 1
LSrc STgt TSom TErr STgt
Method
T T T T T ]
+
_— % %I ]
1 1 1 1 — .
LSrc STgt TSom TErr STgt
Method
T T T T T -
— = _
1 1 1 1 — ———
LSrc STgt TSom TErr STagt
Method

Figure 4.4: BAEEIZ IR 7 U D356 O ERE)RRA
E:aXRy bANDEERE, Ry FBAOEER, F:ukRy b CADIER
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Table 4.2: TNENDFIEIZ & 2 ERE) A
L : BAfiMEIZHIBEH 0, N : BIEEIZHIR % U

Average + Standard Deviation
Robot A Robot B Robot C
LSrc 0.11 £ 0.06 0.22 £0.12 0.50 £0.31
STgt 0.20 £ 0.15 0.20 £+ 0.15 0.25+0.18
L | TSom 0.28 +0.19 0.26 +0.18 0.31 +£0.21
TErr 0.02 £ 0.02 0.04 = 0.03 0.07 £+ 0.06
LTgt 0.01 £ 0.00 0.01 £ 0.00 0.01 £0.01
LSrc 0.12 + 0.06 0.24 £ 0.12 0.51 £ 0.32
STgt 0.26 +0.19 0.26 + 0.19 0.33 +0.24
N | TSom 0.26 £0.17 0.27 £0.17 0.43 £0.24
TErr 0.04 + 0.03 0.08 + 0.07 0.13 + 0.12
LTgt 0.01 £ 0.00 0.01 £ 0.00 0.01 £ 0.00

nE, BEBRAR—ZOWHEEFE2HNT W7, EBETOREY YTV (LTgt) %
FAWTHEERFIEYTIZR S22,

INoORREY, BHAEMLEREE (TEr) 2 HWS Z & T, BLonRy ok
BOY YV TIT — R EMGTIRRE LTg) ISV EREF TR Z N TEZ. £
7z, BRY DAY ZHENKE VD, BfEA—ZICEE S AWK (BIETE I

R L) ICHEMERNT2Z 00 o7z, — AT, A ERKEZHWTHREZALE
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Figure 45: fiflHL 72> I alb—&X Eoory b
(ZOHIFYIab—%a)

MAZRFELTED, ERouRy b TEBICHETE20AHTHS.

432 E#oORy b ELTOEE
43.2.1 RERZRE

FRDT Ry MO 6D L, ZOBIMI ARy 7 E2FOO Ry bEYIa
L—& Bz 2 FEEMERR U7z, R L7z I ab—& EouaRy b DA% Figure B3

iz, EEOT Ry S OAME Figure 612, ZNZFNnou Ry hDO2 D20k FEHDOE
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Figure 4.6: i L 72D Ry b

S % Table 3T RY. £/, vRy MOBEBIOEA, kU % O[MHEL A % Figure d7]
ZRT. 7B, SEOERTIIOARY SO ZEA LT Y, BEEioSHEE 14 £
TR E LS. 7226, B9 LB 10, KO, BIfE12 & B 13 1EF UG EiE
ThTW5.

AERTIE, YIalb—&XEouRy bhr5FEEOTRY Mxt U TEEHERD
M 2EMT 5. YIal—X ETHEELET—ZEY b D, 1%, TUETNOREH%
0.0157 = 7/200[rad] $ O LbD L L7z, D7z, D, DY > TN, §
10 G T Neieol. EROORY b THE Dy, (&, 100 HEOBEY > TL &

L7-.

94



4. BN & D 72 HGREEAS

Figure 4.7: ©7R v s OO & [AlH5 75 W
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Table 4.3: 68O TRy MIXNTEHDEX

Arm 1 Arm 2 Wrist

(b/w jntyp and jnty1) | (b/w jnty; and jnty3) | (b/w jnt;3 and jnty4)

Smlt-« 20 cm 15 cm 10 cm
Smlt-3 20 cm 20 cm 10 cm
Real 25 cm 22 cm 9 cm

FARERRTIX, MEMELFREFEICE 2ERNRFHE L, FERZHWZA%)
YDFE 2175, T ON, FEH L TOERTIE, BESINABZROUEKDLM % 0
Ry FHRESRELT, TOHAE CHEBAEREHWTT2MIL, ErhiWikz
R 2 £ TREMFEL Uk, YR EDHIEEMEIX, Ry MIBEHINARA S
CHEX VY EHWS I TCTREIES. ab, BROEECIIVEKRADEE A AXE
HELLRD, TN K VEFOBETHRYIE L FRERT 56 FEZA 0N, &
ZAM, ZOMEOMIIL, AFEOBHWTIZARWZd, 1Ry b OBEEIZHIEZ H

752 & THEL TWS.

4322 R

E3Tfi & Fkk, TY P72 XRDOAEMRAZDKO TR % Figure E8IZ/RT. %

7z, TNENDONIMHE, FEHENRZE % Table B4 1ZFC 3. Figure B8 U Table @4 & 0,
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Distance errors[cm] of hand position on real robot by using robot «
| | |

— 15 [ I .
g 15 |
212 == ]
o
5 o S
(] 6 -
S —_— ] |
g ar : :
S ——
O ot | | | | | ]
LSrc STgt TErr LTgt TSom
Method
Distance errors[cm] of hand position on real robot by using robot g
—_ ~ T T T T T T ]
c 15 |
O
Zizf == -
o I
g 9 | -7
8 o TEr— —_— | -
E st — : —
O oL 1 1 1 l 1 ]
LSrc STgt TErr LTot TSom
Method

Figure 4.8: EBO TRy b & W72 BREFRE
E:vIalb—Ra®oDiEE, T:¥Ialb—X 0260 mE

AT DEERFE R & Ak, FREEHREEZH VWS 2 CNEREZHINT 5 Z 23T
&z, £z, RELKEZHWE 1 EOEE (Algorithm B % 5247) 12T S % I
1%, 3.30GHz ® CPU % A\ T 56.8+0.3[sec] TH D, LM R > 2 THELE
Z5.

WIZ, ¥Ialb—X o DEEMEREHWT, (EEOGATICEIN YA %

R 5EMEEML . ZOKE, EBRICUKREERTEZ I 2R LE.

4FE YT A (STgt — LSrc — TSom) :[Rttp://voutu.be/vCexLI1vpwhK]|
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Table 4.4: E¥DO TRy M ZFHWEEFNFNDOFEEIC & A ER#E)HH 24

Average + Standard Deviation [cm]

By robot & on smlt. | By robot 3 on smlt.
LSrc 5.19 £2.43 6.58 + 2.62
STgt 5.85£292 5.85£292
TErr 0.96 + 0.53 1.26 £ 0.66
LTgt 0.20 + 0.07 0.20 + 0.07
TSom 11.31 £5.02 11.31 £5.02

44 ER

44.1 SOMZEEEREGBEDEWV

2HiDT R Y b Sre 6 ANDEK %, TNENDEETEM U 7255 RO B
72 % Figure 9] & Figure EIQICFR Y. h O W USRS OMN IS X, 2, &
WIS B OB E B, RV EIREREOO R Y b ETHEELE X, &, BUWNEAR
MIFEBLEOTRY TV Y R EOKEDT — X 2R TE 5 LKE L7-5E D
EfEREEZRLTWD. b, RRD7-HIZ, BEICHRZ 2T, FICBHIMEZ

0.157 = 7/20[rad] L LTW3. FHFOLETOHFVRBPERVALER > TWHIRED

S bbb, MOBAIT X, 2R LTWS
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1.5

o
T
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- T,
* L]
N
* .
. .
~ \
. L] . °
. .
° . .
. . .
¢ * . .® . .
= .

-0.5

T
—0
P

-2 -1.5 1.5 2

Figure 4.9: SOM £ % A\ 72 586 £ O m Bl A8 I
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15F ;;///./‘//‘__.\.\_ ~ 0 N\ NS
St T TN \\\ NN
- NS N Y
O D e >~ AN
' o R NN
1L NS T T TN N
,// ///‘———'\'\‘\r ANIRRR
! ///////‘/'—s\*.\'. \oy,

P/ YOV4 //'/‘___Tﬁ vy
/ // ///' ) \.
f/////////./-;" ¢

0.5r
s .

-0.51 1y A

\ | | | |

-2 -1.5 -1 -0.5 0 0.5 1 1.5 2
Figure 4.10: 3822 {RIEE % I\ 72 52842 O Al Bl H i
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I, HAMEFRENNI RS,

SOM ZETIX, AN I N/ R RO 12D D KD ITHEWRABE L T
W5, —HTHERRETIE, ANINZEERLER tORRY N ETOMESR L
D7, DEDIEFMFOFVIRZFLIZEHLTWS. D7, SOMERELD D
A GRRIEDIZS Y, BWEREER - REBIZR->T WA,

SOM D7)V 3V XL, 1%, RHOREIZHLTRy N7 =2 22K T 5 Fik
EUTIREINEZLDOTHS. —/T, SEIOMERE TR BRE DN H %
BTWBRELSD “ER” ZHNE LTWD., ZD7D, HUWERE L ZEHEAD
B OFENEE L R, BAELERKREEHWS Z LT, X ORNRER 2 FET
2. TDEOR, HEIBRENSPIZEREANTET - X 2 BB I 28546, RFED

DR BREEEZES T VEMTHE LEZLNS.

442 EHEOORY MHOSES T2 TILOEE)

FDOFERTIE, BBHEOR Ry M SoHUFS 59 TV EEE L TEMEZIT 2.
ZZTiR2@iou Ry b EAWTEREOORY Mo OIEY » TVlE 2 s
T DMEDEIZ D VWTEET 5.

Figure 11l Figure 12, Figure 13X, TN Exhmairy b A, B, CADIHEIZ
DWTHEFIEIZHIRD O TRV v TV BB S E-ROREDE{LZ R LT

W5, HFOWHEOTHD, 82T hTHEoNHmBEDY VTV OAEHWTEMEL
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Distance error
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I H%E}. _
- l??ﬁﬁé;+;- |
- 111??%%%%
LT L LTI
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Number of samples from the real robot

Figure 4.11: B2 6DV v TV A B I E - ROERE (BRY b ANDHERE)
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Distance error

0.8
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0.4—1 : .
| H;_
+ T
0.3—|-lg|- _
- |
| !%
-l
RR:
| 2
||TI

0.1

MM T rr T rrrrr T T T T T T T T T T T rrr T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T TTT

: %%1%%%%%%%%%%%%%%%%%%%éééééééiéé%§%i;

f ¢¢%%%%%%%%ééééé%éééééééééééééé%%%
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Figure 4.12: #5800 Y > TNV A BB I L 72O E (TR Y b B ANDERE)

103



4. BN & D 72 HGREEAS =

Distance error

0.8

0.7

0.6

0.5

0.4
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i
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Figure 4.13: #5800V > TNV A EEH I B /2O E (TR Y b CADEERE)
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RO#EEERL, BOHOTRD, BB 2T 7-RORAEDE,ERLTVWS. &
B, KOV TNEEERE L ZROERE IZHENL DTN T VDD, ZNITEHR
ZHET 29 2 TV num(D,y,) BAERTIIREROHEKRME 300 £ 72> T Wb 720
Thbd. 2ORY MADEBIZEWT, YV TVBIHEZ S Z 212 & D iReIZiED
INE LK 2o T WA I LR TET WA, Tz, BEIXFEICERZHWZIE S 2%
7o TWa. —AT, ahy b CADIEBDON, 50 Y > TV DIZE W TR
BEPMMETLTCWS., ZHiE, BRY FC2BEERY bSreDTY R 7 =7 b DIEEMHE
HMAEKRESERLTEY, A2 EET27-0IIMUIZERTEZ DYV TV E

THOLOTHDHEFEAOND.

443 REFEOFHEM

ARBETETIE, oRy MAIALK R URZEE LT, aRy MEOMEIEZEY %
EH U7z, BERRICIE, »28MKZORy M, BIEZRE T2 (RERTIX
BrTHY 7)) FEHINTOWNIE, BRo7ARY 7 2Fo7zahRy b EIZBWT
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