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Abstract

Edge AI (Artificial Intelligence) executes intellectual processing such as machine
learning and deep learning on the edge close to the data generation source for both
solving high-level security problems and responding to real-time demands.

Use cases suitable for Edge Al such as factory inspection work, human behavior
analysis, and autonomous driving require immediate output when images are inputted.
Furthermore, edges may not upload images for training to the cloud because these use
cases require high-level security and privacy protection. Therefore, only small image
data set collected by the edge is used for the training of Al, but the lack of training data
1s often a problem.

To solve this lack of training data problem, we propose a training data search system.
This search system can find effective image data for the training of AI while
maintaining high-level security and privacy protection.

In this search system, the data catalog consisting of the encrypted keywords
associated with the image data and the encrypted URI (Uniform Resource Identifier)
indicating the location of the edge that has the image data are uploaded to the cloud.
Then, the search edge that had would like to search for image data sends encrypted
search keywords to the cloud. The cloud compares the encrypted keywords in the data
catalog on the cloud and the sent search keywords using special matching processing.
The cloud returns URIs of the image data that is a candidate of the training data to the
search edge if the keywords hit in the matching process. Next, the search edge accesses
the edge indicated by the URI and downloads the image data after accepting EULA
(End User License Agreement). Finally, the search edge determines whether the
downloaded image data is valid as training data.

The training data search system needs two new technologies. One is to match between
the encrypted keyword of the data catalog and the search keyword while maintaining
large scalability and high-level security at the cloud; the other is to determine whether
the image data is effective as training data at the edge. In this study, we show that the
training data search system can be constructed by solving these independent problems.
The reason why these problems can be independent is that the cloud and the edge have
different levels of security and privacy protection, and the processing is also separable.

To take measures to cope with the first problem, we use searchable encryption to
make sure high-level security and privacy protection. The searchable encryption can
protect both the search process and the keywords of the image data from the malicious

cloud administrator. Moreover, to ensure scalability, we propose a method to
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automatically determine the acceleration parameter of the searchable encryption while
maintaining high search performance and high-level security. The current method for
determining the acceleration parameter requires setting the parameter manually by a
system administrator. On the other hand, our proposed method for compromising
between search speed and security finds an optimum parameter automatically using
conditional minimum entropy of the keyword. When over 685 thousand keywords were
stored in the cloud database, the search time was reduced to 97.2% compared to not
using the acceleration parameter. At the same time, the database table had 2598-
anonymity. This means the narrowed-down database table by the acceleration
parameter includes at least 2,598 keywords. Therefore, the database table was
narrowed down from over 685 thousand keywords to only 2,598 keywords using our
proposed method while maintaining high-level security.

To take measures to cope with the second problem, we use a similar image search
based on feature point matching so that it can be executed with limited computational
resources of the edge. Moreover, we propose a new similarity metric for feature point
matching that can find an effective image as training data. The conventional simple
similarity metrics such as Euclidean distance is difficult to search for images that
include environmental noise such as lighting fluctuations and differences in the
proportion of the subject in the image. On the other hand, our new similarity metric
uses the shape of the histogram of the image to give invariance against such
environmental noises. Specifically, our new similarity metric evaluates data similarity
using Dynamic Time Warping (DTW) with partition by peaks of the image histogram.
In evaluation assuming the use case of image recognition, we confirmed that the
proposed method can extract similar images from the source image set even if peak
shifts and similar in peak shape exist when comparing image data.

With the first proposal, we have established a secure search technique that has large
scalability maintains high-level security and high search performance. The second
proposal made the edge possible to search for training image data that is invariant to
environmental noises. Furthermore, the images that are found by our new similarity
metric will be able to be used as good training data. These results had shown that the
training data search system can be constructed by solving the two independent

problems that are required to implement this search system for edge Al.
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B. Bag-of-Features (BoF) [124]
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C. Oriented FAST and Rotated BRIEF (ORB) [114]
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10 7796307293 BB | | [l (AAAI10)=—log, 7
10 6a9cd718aa  BBB = 1.22>1

10 3007b906b9  €CC

10 b9468d5eel  DDD

B 36 2-EAMERT T, 2-BAMPERILT 572D 0+05M 2w e TRl

ZDEINZ, k-EAMENKILT D7D D153 R, k-FEA P2 B 1 HW LTV 5 ol
TRV, +0 52 VD L k-BEATELL EE2RF o0 E 5 nOHIEZ BRIHIE TE 5 A
Uy bR&5. ToE 2K 36 IR LIRIAFAEL, 770 REHENHRE Y FREZEL
Lize LT, BEX2 U7 4 LURFERDDITTIERWZOMERW. Lo,
P(W|B, = b)131/kLL L 72 D56 THk-EAMEEZ RS Z &R H D IRMUT, k-EAPEDOHIE
EEET L2 2EMAL, BELARS TRV, UEDZ Enb, MEXGEOT —& B34
(15) &=+ 2 L 2R TEIE, BX 2T 4 2HRTHZENTE S,

LD <IiX, %X (15)ICEH L TP(W|B)DRD FIZOW TR,

A33F/NMIY FAE—DEH

4.3.2 TR ARTZRMFAT S fe/hm > b i B —Ho,(W|B,) % 3K 5 IZIEP(W|B.) 3 L EEIT 72
L0, BRI, ¥—TU— MR IBMSn T 720, FIRETESXF—V—
DOBEE A FANCM D OFRETH 5. 2T, PEOV T ¥ —T— ) 5P(W|B,)
DIATGREHEE ST D, DB, ZOHEE Liciofiz Y N0 46), RRE T AT AT
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FEBICH AT 55— — RN BRDIZP(W|B) & [FEEONA ] LS. 2 TV,
F—U—FERHETHI LR, F—TU—RFOHEENMIL, F—TU— FIZEV Y4 THR S
RE Y NOBESAAEZHERIL, ZOHRIZESWTHOMERD S, 20 b, 7L
AL EBROR M DENZENORRE Yy SOBESMICTNNEL, /= hrE—0D
BICRREDNHABENR DL Z EFEETD.

AR TIE, EEEDOF—U — R E > TR WIIHRET Y, EEOSH OIEEME TH
LTINS R L T/ b —%2ROH LN TELAY v hEAEHET 5.
P INF—T— FEEGOBEMD, BoMmeRFEREOxF—U — FEGOBE M %
IR L QWD Z LEAHEET S, LT, 7 A0m0 BNt FIEE RS,

BTN HmOHEFIR

(1) EEDOX—U— FOBE & L RTREN LR LEDOF T AnbF—TU — Rafl
HL, TbX—U— Ka#Ebd 5.

2 FIEODOX—TU— FOEEE AT, I—VEEHEZIT, BEkLd—U—F
DRERE LA HEET 5.

(3) FIE2) THERE U 7= difse B e RSB D e 2 FE B &, BEHICTRL e SR 8 S D ife s s BASIC
WD, ZOMEBIRHERERIE, EBEOX—U— NEA LRBERRE S22, &
— U — RCFINEFFE LR WA 22 o L — T — REA OIS b b.
Thebb, YU F—T— RESOTTHHEF—T — NI, MEREHRO R 25M
DSBS,

(4) FIE@) TRO B TERINZY o P AF—TU— FEADOTRTORLICK LT, 7T
(BfE) #XFHERRLUTHRE Yy FE2FRL, Yo7 NF—TU—FORE Y FO
BE DA Z RO D, ZORE Yy FOBESME Y T NF—U — FOMERE &EE %
MWT, Yo INatiaRks.

FNEQ) T, FIEQOFRHEMD-DIZ, F—U— RE2HIEIT D, BAEMICIE, £
BB AT AADANNPBEEND, FEEOF—U— FOBESEZ L FELTWAHRE
R LEF TN N OPEEL, TOXLEY T ANLRIMRE Y AT b LR UL
THXF—U— K&+ 5. 29 LT LEZF—U—FERIE, ¥~V —FOEEEZTFAFL
EEEATERIND. ZOZHEEAOKRETIEmET DL, ¥—TU— NOHBUHE DR
E121,2,..,n (n<m) EEEEEIV L THZ LIZX-> T, EREHIPImO{A,...,1,2,2,...,n}D
LOBRZEELELGLRD. ZORMEICER L -2 ELS 2w, KT 2.

FIEQR)TlX, EEOX—TU— ROBESMOBRNIKIMTH LD, /T AR
7 FETH DI —FVEEHEZ VS, (WR, 2 H0WT, I— 3 /VEEHEE B, (w) &2 5K
KA6)D L H Tk 5.

h) EEITITAT — 2 20 L7ZBRLTH L0, SOWME L, (FELRIT L.
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ﬁN@ﬂ%ZKw;M) (16)

IV RIETHY, W DEEOXF—T— FO0MiE LS KRT LIRE LD, h=
0001 & FRE L7z, A—R/VEEKIL, FHH 0 THEN 1 oF v AlE (Kw) =
exp (—w?/2)/\2m) &=

FNEB) TlL, HFHE R34 T oo D Py (W) & BEBTURER AT ST 5. BHOBE, FEER
Do & AR D K 512, BEIUERER OB %, EBREOF— T — FOBE RO X
—U— REUZIEST 5 R LW, KGR THE, pw)DWwDOERHDOFNHEME (n< M) @
EEZHEMHRCTREZ LT, ¥F—U—REIEETS. ZOX IR LIZEEZW,, .., Wy &R
T D 2L, W =1, Wy =ntT5. 722X, n=100M=100925 &, W, =1,W, =
Wi+ 1/11,W3 =Wy + 1/11, ..., W90 = Woo + 1/11=10E 72 5. 2D X 5 ITHEHE L 72w, D4
FEP(W = w;) 2 517D L 9 ITEHT .

w, 1
P(W=w,):= cf 2 Pr(w)dw (17)

CIXP(W)Dfsfnz 11T 270 0B LERTH Y, B8 L2 5.

ce__ L (18)

mil
fw 1 ph(W)dW

13
371%, P(W =w))DREINEEIR LIz DTH L. P(W = wy)I1E, W% FLATW;_q, Wigq

L ORI ORI CHNT 5. 7285, ra Pysrjolds H—FVBEEHEE OIEC L 5T
BRI 5 (B 3TWOH).
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|
< | ' 1 N
i—l Wi Wi+1 Wit1 Wy W
2 2

37 ERERIMER I H> b BEBEIRE R AT~ DL

S

N =
D
=
AR
)

FHAD T, FMEG)TRDIZP(W)r D, PWIB)DITEMEP(W|B,) & #5175, WD
BIRE Y FEFETLMEE (W) e T2 L&, BURE Y FbAE 2 b Ow, 05T
SHERPRBBP(W = Wi|B. = b)I%, HR(19) &7,

P(W =w|B. =b) = P — (19)
X1 (#) = F) P ()

X (19) 2 KR AS) B EAEMICHETE 5720, Fyhxy ha B —H,(W|B,) b Atk
IZRDDZENTED. ZOHL(W|B)ZBHRE » MEOWEIZHNS.

434RTREY FRORES X
BREy MR, UTOFIETHRET .

RREY FROREFIE

D BHREy hREEMESERN D, 4.3.3 HTRARZFIETEMMEE Ty brE—
Ho(W|B,) & #HT 5.

(2 FIEQ)THM Lef/hoy e e =23 13) 2l = TR RORE Yy FREZRD 2.

(3) FEE)TRDIZHARDOHFE Yy MREITT, =R —ZABNERT 5 HERE AT 7= TR
ZERIHIER (= 1= 1/2¢, cl3BRE Yy bR) 2R T 2R/DOFRE y FRERETS.
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FRTFIEOFEM A, ARFHMEEREE FIC#EA L7562 FICEH T 5.

T, FIEOIHEWR/ A= ha =%k 5. £ 181F, AFHERE CHEET H¥—T
— NEUEDO—ETH 5. Li DA TR 655 Tx—7— N, BIEOOHFR T 25.5 77
F—U— L 25. ZofITHE, Li bOFNTOR/NMT ba B —0irPfEz 7
NSHNPERD D EWETDH. £, 433HTRLIZEIICH T NH—TU— REASDHE
JEAND, B ERDFERDOF—U — FEAOBE M Z LKL TWD Z EFIHET
H5. 4.3.31)TIE, 1,000 HOLENS ZD X D REMEAM- T CEZHEES L S ICL
TWBH, ZOFITIXEEN R CENBINRS L, Vo7 F—U— FEARG L & e
LT, EEOXF—U— NOBEENMiEZAME L TEAZRS. ZOXIICEFELTDH, Hi
PRI T L OIS CEZFEIOBIRT 5 LW O RETFTTIE, BRcEGEons 7
NE—T—RIXUIEFR L ERD. Lo T, ZOHITIE, KOXHIIZH T F—TU— NiiE
5. R 18 TRLEF—U— FOBHENMEZRSME LT, ZORSMRICENF—T— KD
HEHEZTFLCTEARZ 1,000 EfiHT 5. VT, 4.3.3HTRLEFIET, m=1,000, M =
42,000 B&, HEICER LS —U— %, Li 50FN Tl Lz —T— Ry
42,000 ENZIEIE L7z & & OBEESMPW)ZFHET 5. S5, BmEy heck 1~12 &
TELEETP(W|B,) %R, Fh=r hrb—H,(W|B)&itHET 2L, X 38 fk#rD L
27D,

K, FIEOWIZHEWNRKOBRE y hEEZRD D &, k=2084, /by hae—n
log,2 =1 (¥ 38 &) LIETHROLEWVERE Y hRIZS THDL Z ENNMND.

B, FIH@IZHEWHTAE Yy MEEZRET L. RICKZ—R 7 — 2T 10 GO E#E k%
L9 LT 250, MRZERZ 90%IZEHIKTE, 2o, EAMEN ERLLIICTEDLE
ThkDERREL 2D X I ITcmBRETIULI .

4 38 HHARRZZMHNNET, X 38 HFHGHN 90%HI T 1 ThD. ZDHE, c=
4,k =31 CERARETH D (v Ho(W|B,) = 4.97 > l0g, 31 =4.95). LoT, RHET XM
RE Y MEIT4 ERETD.

RBIELDHRIREAF XA L Ga b RERICEIR T 5 &, RETREARE Y M E
X4 ThHoT.
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# 18 BEFEX—VUV—FoEEL X —TU— FOHBE

Li 50AFHK EBELDAK
F—J—F H IR B F—J—F HEREIH
1 H %y 1863 H %y 706
2 =g 1466 B 689
3 i 1311 A 678
42,392 et 1 32,721 Tetx 1
11 685,323 &5 255,362
10 7 r——0—0—9¢ 10
9 S -...9'.9;9’25 ...................... —+ 09
g —e— NI bOE—(GERME)| | o
----- BR/INIUFAE—D TR '
| 7 —o— RFE AR E + 0.7 W
U el / NV | EXRTHHIBEDOTE || 0.6 115
_E[L ----FREYFRDREE T
-0
l\ 5 T 05 mE
H &4
< 4 + 0.4 jg
X
g 3 + 0.3 #
2 + 0.2
[ SO PP [ 0 e N G - 01
0.47
0 | ¢ 0.0
1 2 3 4 5 6 7 8 9 10 11 12
FREvhR(c)

38 J/hT v b w B— & RRZERAIER
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435 NPT — 2 R—ADEMA
BRI, T2 _X—=RE0HE L THEAFMRRTH L. 7 —F X—R T L%
T =2 BRI 6N TWAEEE, &7 —#X—ANOX—TU — ROMBEESAITIZITEE
<&é L7eDo T, F—UV— RO brbt—pH—DF —I_X—=2% L7255 & FL
TSN TRCOT—HR—ATRILHARE Yy NEZRETDHZ LN TES,
f:kzi, X —U— Fw,OHBIREN 9, ¥ —T— Rw, 6, ¥—T— Rw; 233 T, 32507
— A R—AIGHEEDL L E, KT —HFRX—2ADF—T— Kw,, w,, wyOHBIEEIIZENEN
3, 2, 175, LoT, wy, wy, wyOHBIEIGIE3:2:1 720, ZOEITT—FX—2
RIS ERWGEE L —HT 5.

4.4 FE{m

1,000 EOSGEIZH LT LI 6, BEOLDOFRNEREHFAEFE L2 0% O THERERF
mb F—U— FOBESMZRLOD, MERHAZEMAIETHL 27T, S5,
— A R=ZADFEIIC LY, B HF—U— FEBEORB~D A r—F €V T ¢ D3R
é:hfb\é_é:%)mfﬁ
BRBIZIE, ATFD 2 >0mEHEAZFHIL, @b R e 2tz Rl 5.

(Di%me%mﬁ?%?ﬁ@%ﬁﬁk@%ﬁﬁ®ﬁﬁ$
) m/h= v b E=DOREICBWT, EROSMES T LIz & & DfEL,
EBED DB TF—7 /L a— RDk-E4ME

4.4.1 FREE 4

£ 19 ITFHlSEO— B AE T %%ﬁﬁ@L%ﬁ%T%élﬂ5@%ﬁf%n577/
—F—U— FEAWIE, BELOFRXTHVWARKF—U— FEERMICTNF—T — R
HEASW)E, F—U— FOHEEOERITETT 5.

IOEICEELTYH, X7 HDWNNE N7 v T RTICHOEWEE FF-, 230R%BEE 5
B2 &0 REHZREIEIIED DR,

BEFRZEHA L2 L 6O FRERELOHFAL, B—0 DB ZHEHL, BRey b
ZE L7220,

A 9 5 SCENE, AT — 2 AT 2 BRI ERARTEN, DK 5 R IR A T
i CEenotolo®, FZECENL9)DEEZFEE L.

FEATGE BRI C, 10 [RIOFRITIZIIT DIEAFL &, 5% EHX M AR T 5.
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# 19 FHl&H—%R

REFROEAXR
XE

MERBITTZO DY

EEERMAT DY

(I8 A7 4 7,

LisohX, BELDER
HLEEOE ARG AT OEFE 1,000 fit

Janome[160]

—4 R O I, MeCab IPA fEE[161] %1 M)
word2vec[162] (A AFEFEE HAET/V[163] &2 H)

ERERMAY 1§BIZ2E 3 DDOFEKIEITREMH
BERX % (kv bR 210 /1,000 i)
BREY FE 4
4 &k DB PostgreSQL 9.6 + Citus Extension
7R 8
HITEH 10 (BEAR, 95%/FHH X M & H )
4.4.2 BRI
39 17T AAS v 7 Bt P—3F, Citus Docker (v7.0.3) [164][165]%~

~x4fw9&bfﬁw

— A THDHN,

::ﬁ
= u|:|

?%’E@ﬁf% C
LR S0 (IEP@H

BREOYV— M7 1 7T AE, Oracle VM _EIZ

jjﬁ
= DEI

LT

7 747~ M, Python X
FaAT) EFCHL TN,
Ubuntu #7° 2 K OS & LTA A h—)L
L, & 51T Docker =¥ & FAT L CIREFIEVNENET 520K D Docker = 7 F %

FEIH TS, Oracle VM 7R A FEREEA K 2012, Oracle VM 7 A MEREEA £ 21 1R

R
7’]‘&7\5 TCP/IP 2 pAL AR
[]\ 17 N H =

expz [EUIU o)l expn || 2xmn
92472k Manager Citus Master||Citus Worker

REe=fRAn|| e Docker CE/ Docker Compose
MERERRA| 37 Ubuntu 16.04 LTS

Python 3 C Oracle VM

Windows 10 Enterprise

39 FuS S ARE Y
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#% 20 Oracle VM R R BRI

Intel Core 15-8500 CPU@3GHz
627 6 AL v R)

IAE 64GB
Samsung SSD 860 EVO 1TB X 2

CPU

T4RY ,
(Read 550 MB/s , Write 520 MB/s)
#* 21 Oracle VM 7" 2 MEREE
CPU Intel Core 15-8500 CPU@3GHz
427 421y )
*E 16GB
TARY 100GB (v»7mbEva=r7)

4.43 FHE#RER (FEEDR)

Li 5O0FABLORELDHFRICHE T D, REFRNOWEMAEIZ L2 MR & E
X OFIRE R AR 22 127, R 22 OEEXEIL, FEXRRERZ R & L7z#i <
H5H.

REFTRZEH L2 Li 5053 0%, FHHREH2 155.80 HTH Y, AT THEE
T OHNERIRR D2 — R — ZADOISEMERRZ R LTV 5D L ITE 20,

—7, MEHFXEZEH L-5E61%, 4.39 PicEfcx, #EFN2EM LeWga Lk
WL 9T2%HIKTE 2 Z L Z2HER L7, ZOMTHIUT, = — YA GHRN AL iR R &
AL THMERWEHCTH . M, BEFREZEA LRWEE S0 FRL, EHHRHR
RFRIAS 227.75 B ChH o722, 1REF AWM L25A 1Y, 19.89 oM S, £
EHALZWES L L 91.3%HIB TE 52 L 2R LT,

K 22 FHRERRRE (U y aNBMEEEXFH)

REAE Al REAFXEAR
155.80 ¥ 4.39
Li &
| D7 (+2.95 ) (+0.55 #)
. 227.75 F» 19.89 ®
R 507 (+1.33 B) (+0.33 )
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444 FHEHR (RLME)

Li 50 FUCBIT5, /hmr hrE—0fRELFEED DB 7—7 /L a— ROk-E4
PEDERIEZ X 40, 41 1Y, LR, EBEOF—U— ROEES 2 L TELR
e/ bt —% [g/hzy hav— (EE) ), Yo7 nx—U— ROBEESAR 2 H
LHEoR/h=r et —% /by hrbe— GIUR) | EFRiLT5.

/hTr buv— GEEUE) 1, /by bee— (EE) L bE<, HICBrRe Yy b
ENOLUTFCTHRENKEWV. F/homy hrb— (EE) Li/hzr bav— (GTEfE) oF
PPJ7 TIEEE 1E, £ 044 TH Y, HXA) AT RKOBERE v MEE 9 LT
LR DD (X 38).

10
9 —o— /NI RAE—(ER)
o —o—F/NIrAE—(ELUE)
| 7T
\J
g
AN
gat
ﬂ]ﬁ3 4
2 4
1 4+
0

O 1 2 3 4 5 s6 7 8 9 10 11 12
BRE Y& (c)

40 F/hcy b u B —0EBEOE & TEEE DFRZE

1) Root Mean Square Error (RMSE). x;% Efl, 2% EHME &L T 5484, RMSE 13k D
EolTERIND.

’1 o
RMSE = ZZ?zl(xi —xi)z .
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25,000
21172

20,000

15,000 -+

10,000 —+

5000 —+

DBF—)LLa—FDk-E4

1233596 283129 56 25 § 1 1
—o—0—o—o
1 2 3 4 5 6 7 8 9 10 11 12 13

BREYER(c)

41 DB F—7 VL a— KO k-BE4 M0 EZHHE

42 1%, EBEOXF—U— ROBEENA (P(W)) &7 X 5ElE (P(W)) %X
RLIEbDTHD. I—FRVEERE D/ RIED/NS W2, ITPUEDE ST,
REDRDGATRITELL L T D Z RN 0n5. i, /oy he—0BHIEET S
D, BENRORELSRDF—U— FOEYED 1 MEOHETH D, ITEUE D R B
D, FEEOMEL D /NI LD, BREO—KERS>TND.

LU D, #EZHFRE, kA TELRETRELTLT e —F00, HRE Y bRck
4 ITRELTHEY, 3T-EAMEU EEFOL IR L TWD. 2072, SERORAENE
U7z& LTH, RFHlEREE FCIE, 2-BAMU EARFSZ &D, Z OBETFAH#HANT
HD.

—J, EBEDO DB 7 —7 )V L a— ROk-EAVEOERIIL, ¢ =4Tk=2598ThHY, 31-
ELATELL 2RO Z L MR TX 5.
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0.0025- — EiE
— ZE[RF
0.0020-

2 0.0015-

i
0.0010+

0.0005+

0.0000+

0 10000 20000 30000 40000
*F—J—F
M 42 EBEOX—U— ROFEENME (PW)) &H2 I L BELUE (P(W))
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4.5 Z%

M ORERN D, L 6, BEOLOFRUIH L TIREFRZEH TS5 L, Bt x—V—
RHIBIC I T, BRI S 4.39 7 ~19.89 FPIZFLHE rlHE (91.3%~97.2%HIH) TH D Z
LEMRTE. Lo T, BESFXOMEMAT, 3.3.3HTHRHKFHHF—U— FEETO
BRBHEENEA—FThHDH L E, F—UV—FRICHLTAZr—F 7L Th b Z &%l
T EnTES.

FRFAL, BHRE Y MZEXDKViIAZR%LD DB 7—7 /LD L a— RREIETH 2-FE4
PEFFO X DICEHF L TN D 720, F—T— NOBEESMABIRE T 5 AlaetkE b D720, F—

ROBESHEZHEE L TWDTeD, Fyhoy hr E—0OFFER{ERICRENAEL D0, K
%ﬁﬁﬁ?f TFAETELHANTH S.

EHT, HEDB 2T 52LI1280 19oH7-0 D DBITKMEND X TN DD
T, A= T 4 Nk S D LRI, MRS _— A0 TR TOMENTKED
RN B2 2 7 OBEE OB Z REEC T 52 LA TE D (DB £ LB LRWEA).

BB, FHLOFREGHEDL OHFRT, MAGDEL LN TEL. ZOGALHRE Y
hEF—U— KB L1LICHIET D7 — A Z 2 RIHBRT 572012, AR TR LR E v
FEOBREDLETHD.

SRS LNTMERR, EET 2D L2F—TU— R L TOLOTH D, FIEH
BoOF—TU— RN LTH, AL LD RMUEEHELD0EELET 5. RERAITIES 523,
[& % Ik COFED BB L, £ OMEBHE ONARL & BT 21 &vvd ¥y T oiEdl
[166][167]038 % . 7= & 21F, T DT — X ICBRT H2F —U— K] BT v T OEANHE
IR BIE, ¥—U— ROBENAMIL, Yy T RmOIRERDETHTES. B, Vv
STRNE, BRSO —FETH Y, HbT 2 L L — My EHRATRETH 5. SIS L
X oRFBET—FZOX—U— NOHBBEIL, ¥y 7 OM/MICEd? ZEBHHNLTNDD
T, BERFROBEHGE THLF—T — FOMESHN, Vv ZOENCHS, £7-1%, 7
MYy TR NS & & D7 61F, A& R U X 5 2Bk a 3 2 L nTx
HAREMEN S 5.

46 FEH

WS ORRE Yy MESRB AR S OREAZEHT BRIV ERRE Yy N
T, g/hr b=tk EAEEZHWVTRET 2 HEEZRE L. Bt ¥ —U— R
DANZHKLTLL 6, BIEODFREREHFRAE T L2 D2 HWTHERERHE L 7045 2R,
ZILEI 97.2% & 91.3% DR B DOEME N FIRETH H Z L& /R LTz, Ebig, #EHK
IZE > TDB T —7ANRRIETH S1-EAMARFOL D ICBRE v NEAFRE L7122, FEES
IZI1X2,598 EA M E D, ¥—T— FOBEESHOWHENRETHH Z L 2R L.

100



KWFFETIE, k=28 KR ER LN, 2— A7 =R LoTE, kERELSHFELES
NGRS ELH L. TDXIRGETH, #EFAL, BAW)OREXDkDMEEZET
TEHETT, RERERE Y hEHETLIZENTE S, 2ok o, BTN, AT
REEFX 2V T 4 LV EE-EAEZHNTON DT S RICEKR T ENTE S,
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FSEEBFEBEICHFLVIIET -4 ARRTRELRER
Ty F VT OBLERR

B~y T 7Tk, BBEEICHE LWVIIT — 2 BSRBETE 5 X ) R RE
HERDMLEND D LR, ZORETRET 2HPEHMIFEL, 7 —F 0FUE%L, H
BOE 2 NI FLADOBRICER LEET L. 2 7T AOBEEPIEFEICBNT, E XA RS
7 LDORPEATHE) (7 ) Lb, Lz y, MEE TH L5G THHEBEN S <
725 X 90T, FERE M X 2 i T4y EI L, X Z &2 Dynamic Time Warping #gf %
R, FHEEA G TS 2 L THEME LSS, B TOL— 2y — X 2 88E LR
BT, EA T ADIIRIZS 7 FOME, FHETENFET D8 X 27T ADOHIRIZE
WThH, FHLEBEZMEFRETHY, 612, 2—VFICKDFENLER T A —H PR
ThobZ xR,

5.1 AR &

5.1.1 Ml <A T 5 HIEE &

Z OFEOFHE TS 2 AL, FFTEHE TR S TW 28 OmBRE2 5. A
ik, LH ot [ g, TR ISR SNz, BEERRTO R7 A7
La—Z g l, EVRA— A E LEEBREET 5008BBENTHD. L
BN, ZTNODT —=ZFIN—=YFNT—=ZaFieh, EVRALOBMRT -2 ThHhoT-
DOIFFEHBRTIIHEA TE 20, AL LTEoRBR 2NV, RIZABRE T 5EGE
BRI DLW HENTIR D L9, Wi L 5 LoEEMAZ— B CTHWErcE 5 X 572, KR
Bk 72 & ORHER N 2 R OMFt O & s 7T — 2 2R Tz,

512 FLEDER LR X

3.3.3H TR L H g, BEFEHICHAREGEZMBE T 02 N E LT, BBROFR
Mgz N EREXI, WEE DS LAETBEILIZY, L7200 LTnsbolxy
BRI m W EERT L. WIRICZ O XL 5 k34 U2 R, BREDLZ2R &0 kiR
35 MAZEC, BRI T 2 EARDOEIG DR ETH D0, Z I TERT HET
DM A FFOmRIL, T X IEBICAEE IR TE 5.

FRMEOMEGE LY, £, BB G L, WY OEROmEZ —>7 Ok
WL, EPELZFENTS. 2L C, BEHLZEUELRIC 722 ) 7L, K&IZ, il
FEEREWT ZAZNOER D X N7 T AP FATBENCMHE L T\ D 2 & &% B e
T 5.
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5.1.3 HEREEH
3.3.3HTRLT, T —%& L TAZREERNE > MEHET AU CER I 5
BEERE, AFD 2 5THS.

1) BT s ML mEBIIH L, BUEZE<EHTESZ
EICTWBEICEB ZIBM T T 52 L)
Q) BOENT-HEBET, ETARETHLIE

72720, ERQ@QOBRON-FHEERTORITICE L X, MHEARERT LI ALT
SRS~ v F o T =2 L UTEAT 586 L, MEREFNIC X - Tod TR
e EEFHATAZ LI LY. LERHST, ZoETE, Q)OLEIFMMT 5.

5.2 Eik

ZOETIE, WBICEG & S G OBl 2 B CEBRO e X N 7T L LR
FWBOE A N7 T LAOBUEIZESNTYTIHEICBWNT, E AN T LADBKRN 7
NL720, fHfE L7 0, FBEE CTh > THHELE A & < EH T 522083 AIiA Y 5 Dynamic
Time Warping (DTW) FH#fE[148] % i F U7 JELUE RN FiE 2 22T 5.

BEARHI2E 2 71X, W7 — & OFLERREE CTh 5 DTW %, B ORE{LUE o Mkt
LTHEHATHZETHD. EANTTLOBIRED S BIRIKOY 7 MO TIE, 220
T=2%DLTOTO LRRCHEUELRET2ATAT 47U 00 RUEEZHNTY
B, HPERHICKE BT IAT A NigE 22— BT I20ERS 5.

BHARBICIE, BB OEBOBBMHEL I LIZE A N T LE2ERKL, O A NS T A
B 7 — VB EHEEIZ X o Tl b e fifp IR RI L 72 1%, e CRESEIT 5. 2 osE
KE T LB ITOBEBROE A 7T AEHIZELREOHFETHHIE Lz D &0
DTW &R %, T EhosEXETo DTW 2R G 95 2 & THEEUETHE
EIT9. KEDEIZITH 2 & T, BB TEEOE A 7T A LTEBERBOE 2 7T LD
BRI L TDTW Z@H L7 XA LD, WERT7 v T 4 T EBIETS.

ARNEOTAL TIX, BGERE TOEBFE DO — A7 — 2% ME L, LU ORMEZ R
B LT, R TFENEWVELELZF L0 L LTI TE 202 HGET 5. & 51,
ZOFHIERE FIZBWT, RTA4T 4704 RUEDATA RIRO L S 72, 2—HFIT X
DN MIADIRT A—HNRETH D Z L EHRT 5.

53REAAK
BB Tl L IR ERF N FNL DO A T AOTIKRO T 7 FoflifE, FHETE IS S
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T 50T, T, BREEROE R NJ T AOME TR 458 L, HEIXEZ LIz
R TEEOE A N7 T HL O DTW B2 %, ThEZhOfRE#ES L, REa7HE
CUEESD HIEERET 5.

BRTFETIE, ROTFIECHELETGZ1T 5 .

D eRNTFLrDEH
(2) KR5E
(3) HHIX M DOBELEFAM & 54

531 EX S5 LOEH

DTW BEffE 2 JHLUE RIS & L, Bonmifg & i Jemifg ORERUE 2 K 572012, BT
Mg & HEBIEEG TN ORMENT ML ERD, BEERZ MG 2 RET—4 45
MTHHE AN T LEEFESTS (M 43). 2O A 545 LA DTW THilk+ 5 =
T, HPEEZE LSBT NEE A ST AOBIREITKIET B, AR TIE, 7T A
—OB% E, AWCIid e < B OB Z T AW S . Tl AT 57— 2%, W
BE) ICHHS b D728, B EE 7 L — A — UL L & L, BEEOHBEEZ b X
N7THET D BRI, 7 L— A= UL LT G OB AED B B — RV EHEEIC X
o CHFEx 2 REH L T oMREEREp(0)ZRD, p(x)ZEARNTTLET S,
AWFFE T, B —FVEEHEIC L > CTELEN-bDEE X T A LIES. EER
WA T2 2 8T, BROREROT —Z 2HET 5720, BROEAICEEND /A
ADEBEEMZ D EINTXD.

& — =RIT 2Rt
gL G LY 755

;;;;;;

X 43 HEHHE e X N7 LA0EHDOTEN

72120, (o pO)) TR L EG & SR SR B OB A+ L TR Y, RIS EIT
ThFEEHboThiEbRV. 728 21, (x,p(x))IZ Bag-of-Features (BoF) [124]
ZROWDFERG D, BoF 1L, (T —Z 0B Lo~y MBEE s Z 22 ) T
L, 207 521D L MBHES AT 5 FHETh D, E-T, xlc7 72 1ID, pIcZz D
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7 Z A HBBERE 23 ETE 0.

FRdhH Y, Eig <HiuE ORBl114], HOGI[115], SIFT[116], AKAZE[117], &5 CTh
FUE MFCCI118]72 & % A% . BoF 134RH8N BB D ALE I HMA LT 5 2%, FFkonss
THAVHEGRIFOFREZMZ G572, FHREROR Oz v VRETHFIH AR
Ezbhb.

ZDXHIZ, BoF IZBIT DM FIEE AT T 52 E CHATAHZ LT, B s
EBFEOM, A~v— A =D THEAINLEF k2 EO—A 7 — A2 b IS
BEThD.

5.3.2 X5 &l

5.3.1 TR OB IL L BEBIEHG Op()IZOWT, BEAXA RN T LADOBKO L7 MM
fii, AR T 5 72®I2, 8BS Dp(x) OfVIMETHEIT 5. B IMED SR O IMED
3L T 1 DOMKENE END. BRIEE, p(x) DFROFHEDO—2 LI 2D Z ENT
X, ORI R TGIR S EIXKEIN, &5 WVIEE OIS ERTOIIE, SR 7l
WD LT 5.

5.3.1Hi T8, WiEE T L —R 7 — VLT D72, WFEDOREZEMN 8 By
rTHDBA, fﬁi0ﬁ5%5mﬁfﬁm¢é iofxﬁ TlX, xDXH%[0,255]
ET 5. 2L, AKETIIKMZ[a,b]l ={x €Zla<x < b}LEHETDH. IBILOp(x) (L
B, pe(x) &R OBVMEDRED, {pr(x1), pe(x2), o, e ()} (T2T2L, x; <xi41) THD
L&, SEIRMEHRRQOD X VICERTD. 72120, bg=0, bj=x;(i=1,..,n), bpps =
255TH 5.

[bO' bl] ’ [bl' bZ] yre [bn' bn+1] (20)
2T, HEIXENCERE I Op(x) (LA, po(x) & 2KFE) OMKMENRAD LT RDH L9, &
K~ —YormEB8ATLHZ e x2E2 5 HAQ2D). 2720, midZEH T A—H Tl
RNTeD, MEHTS Ca—RRET 5.

[bo, by + Mol ,[by —my, by + my], ..., [by — My, bpyq] (21)

AWFFETIE, maENQ22D L HIZED, /NT A —HoverlapZ i L TR TREAT 5.

= 0, ey n
{mi = overlap - (bj+1 — b;) 0< overlap < 1} >

Z LT, m®DOEBEAIZL > TxDXMM[0,255] 2B 272\ X 9, EIXMEIv; Z2#:023)D &L 5
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(BIET S (X 44).

Iv;RIZp, (x)DIBKRIED
SHALILER D B

44 XREREIDE 2 FH

[b;, min(byy; +m;,255)], i=0
Iv; = { [max(0, b; — m;) ,min(b;;; + m;,255)], i=1,.n—1 (23)
[max(0,b; —m;),biy1], i=n

AWFFETIX, mZ o BIXERAZHAIT 2 K 9 ITRE L7, FERICITEEM TH BU.
m; & B X RG] S8 D550, overlap/X T A —Z 2L 0 SEIXRBEN KK TH0E|
XD 3 5L D7D, BMRRR—BZ2MIHTE 52 L ThHDH. BT, AT747 4
T4y RUED X Zps () DIt 2R EZT 5 LR b DTW Hif2 BT 2555 H
DN, WIEET O BRI DTW FEEER N OXIG & 72 b 72 W 233842 L, BB B RS B 3
K280 H5. MAT, 2—FICLDATA NEOFERLEIZ R D.

45 1%, IEFEOXHESE & DTW O A A —T Th 5. IRIEED p () DIEIE T,
HAR D ps () DT D, KR pHEIZITH2RWiEE O DTW TlE, Ll OMHEO T
DRENGETHEREZ —HIETWD (K 45 EBEA). Lo, fifHOTARRETE
L6, BRI LB OB OFLPMENE LR T T 28003 H 5. X 46 1%, RiEy)7
R —EDFITHS. Wifg 1 LEKR 213, RIEABRRRY, AN T LAOBKRIEDT 7
FREHLREWA, DTW T, ZOXIREETHOERORIMS N —HLTLED. KHY
FE2AT9 &, p () DO NMETHTI S, £ DXEN Tpg(x) DIEIE & OIK—BCHE
Thivsd (X 45 FEA). overlap =0 DIGHE DIvy, llEBT 5 &, pg(x) DITE O
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KA THNZ LvEa NN, BoREO—HICE E 5. —F, overlap = 04Tl
vy, Iv,NIiZps(x) DEFOBKIEEZ GTe L 517D, KN —ET 5L 51275 (K
45 TEA). DX 91, mDEEELSEDZ T, WO —EDEAE W& HilfEH3

5T ENTELN, mOBEANIL > TREU EIIBR BRSNS BENRDH Y, mD

ERLEOMEORMNDH 5.

DTW

XEDERU

A

—
-

-
="

\J
N |~
A5 NN
overlap = 0 H \
( p=0) ! /
\ |
[ VI
RR5E :
I \
U

(overlap = 0.4 )|
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{5k 1 (FREHR) E{52 (FHHR)

DTW

-

It s
[ —————

F

46 B 2R —Ep]

5.3.3 K EXEOHELEFMEES

e b L CEMAT 2MAME A E X0 DTW FEEEZ P IR < K S5 72012
By EIX O DTW BB EAM T2 L TEET 5.

FERLEREM ORI, (%), ps()PDEZ[0ANCER LT 5. OB, BfEE S LOKE
S DFENR, HEAZENCES & A l\7‘?A@ﬁﬁ%%!t%%ﬁﬁ“éfc@@%@f%é. X 47
1%, 2 DOEGRZRETFEO FIRTHE T 20, EFILOMRE R LT O THS. £7,
2ODMEBEATIE LT, TNENE AN T LAEERTDH. KIZ, TNHEDOEA NI T A
EWEIACLT D72DI, H—FVEEHEEITH. 20L&, HMFADOROEHORKE — 27 2
K<, FOWHORKE =2 BRI ENGND. ZORETHRLTLE S &, BIALH)
R EORBELR 2T, FUEZMNED FIVRKEHRLTLE Y. #EFEICBNT, E#l
B DIE O IS 2 DTW I, i 5o > 7 hofEEara 3 228 (K 48 (1)),
p(OETEOMHE FMEOES) IHFAELRWEOTHD. 22T, ZALOEEAIERL
LT, RE—7O&FESEELED. 2TV IZ, BRORIAES e & OFEE F/NRIC
Mz 5.

— 77, A T, B TR 2 A L T DI H Z E D B(88]. 12 L 21T, p(x),
ps () DEEIRIZONT, AT — NV DBNERDGE, p(x) & ERMGET AR EZ T2 L
THBNAREL D, T2 T, p(), pS(X);E%ﬁ/LZCZ}’LHij(ﬂE&H%d%ﬁ%%i%ﬁix/f““ﬂ/%
L, pEFmoMiE (4 48 (2) ITERMEOHEZRIE L. ERIEEOp(x) DIE
PDnorm%, BRCOITTRT. 22T, p()mintIp () DF/ME, p(X) maxl3p(x) D KT
H5.
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p(xj) - p(x)min
p(x)max - p(x)min

p(xj)norm = (24)

IE%E{B{%O)pt(x) %—)pt(x)normr $ﬁ$277731@{%$/E'\50>7455}{ € SO)IE%E{K?ﬁO)psk (x) %psk (x)norm
LT oL, EHNT A—Fw; € [01]2HNT, HEESs(E, s) 2 EX@E)D L HITERT D.
72721, DTW(t,s)p, XN EIX v 51F 5 HR517—2t, sO DTW BT 2.

n
s(t, Sk) = Z o w; - DTW (p¢ (%) norm. Ds,, (x)norm)lvi (25)
iz
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p(x)

Ivi
48 *ﬁj‘1ﬁ@{$ﬂﬁ@?—‘|—,’/§iﬁ@@,{ A=

5.4 F i

5.4.1 1A &

REFIEOFIMEEZFMT 272012, Al 2L < HW L2 EGFER 5 CORBE O
=2 — 2% BE LT, FT DR E A FFOBBICH L, REFIEN S WELE LR
H D& LTNEMATT TE 202l 5.

EFETHON TV D XESENITAEORMAH Y, —H~— 2 m; (overlap/XT A
— &) BEATHN, mOEAIZx U THEBEN KX < 28T, overlapDFRFEITEM
Kgfﬁé:k%ﬂﬁ_ibmﬁ.

A, FIEEEME

I O®IE, 531 EH TR DT TA N —DFRE, AMTIEA L B o
EiBEHWD., 2O OE(BIE, KRS T AN, BRI 25RO A EN R
D2 8T, BEERPMLTHD DA — OB Ty —22ET 5. 72& 21X, A
DOEEFEE B C OB THE T, B2 FERIZE— ABIEDIRID D70, BIE ) A X0F
TET D50 F CHEROFEMNM I N ERTORRENTH D, S5, o, D, ims
75 EO N OBWERHEOTE T, ZRICFEHGEETRITY, BEEERENTH S Al
BEPED EV .

ARFICIE, BB EEfg T OB & LTV 28I E [TV 49) & ER
5. BBICEg T v MIX, BEEOEWEG L EITH LB O, SRRSO BEEDEE
NI-EChE R 2 < DI AN D . T OEBITERE v h o HEBEEG OB &2

TV AW % GG ORELEZ S < BN TE 2025 M 5.

AWML THUE T 2 BT B CORB T Cl, BEEBORRIZENTY T2 A

LPEZ RO IDNRE Ny FETOFETERET 5. 20720, MEBRERILFHExSN &3 5.
Mz T, BBEEI B2 Efg A2 WE T 2 HH 2 & D FREIA THUNENRD D720, BT
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DOEBERLT - RRT HEREIL, HOIREOHREENOH L PCHYDT Yy VT A R LT
%.

M R OB B B D RS EIE, BifRE 7 L — R —Abtk, B — RV EHEED
Lo TROT-EHEHOMRE BB Z[0ANCESELZHD G norm) £ T 5. P()norm
X, HBROFEEBRHHTE T80 LT 5. BB, pi(0)norm & Ps () norm DS FALL O
WEFOEE, TOEBE S LOKLE LR 2D,

I3 570 & OB G LS OfEL (2 A ) ZETen, AT/ 4 XBR &I E
L7, N2 T, B GERCEg Y A AOEE HITHRU.

B. FHEEH
R ICOEBRES %, WRIEDOEG (target Wif}) & DB K E WIRIZNER 1T T
TWE 0zt d 5. ARHE T, By omiz v, LIFZaHhd 5.

(1) target Eifg & Ll7- BRI ENBALDS _EALTH B H>
(2) overlap/XT7 A —#IZX > T, BLUENELLEEH LLVH

REFE LT 2 5, EHELOET Y CMBEREE v 2 5K168] (LI, Te7
YV URRBIFRER ) L FEED), KRS EIZ{THT DTW 23 5 5 (LIEE, [DTW) & &)
D2HRETD.

(DI 351 D BB RATG Fik 2 & OFHMBaE L IEAL AT A2, & 23 17T, &F
EIE, e norm & Ps()norm @ A1 & U CTRHMBISEE VTR A2 ) U, NEGZA T #LA
WZHEWVNANL 2R TET 5.

R TIEDoverlap/XT A —HZ 2 L DNENEE) & Z ORFOFALLE DA 2 B+ 5. B
FIX, overlap?® 0 ITIEWNE EET Y AHBIMRECT OFERIEL TS RIZIT-DO X, overlaph® 1
\SEWE E DTW TOBBUEFHmR RIZES<IETTh 5. 22k, fHm(DICI T DIAM I,
Dt (D norm € Ps (O norm PIER MBI WVERIZ ERm < 7D EEFR LI, WA EOBRE /A
RIZ& T, target WG OENEY) D3 FERM LTS D) EALIZ KD WGERH D Z &I
EET 5.

FHM(2)TIL, overlap=0 Loverlap > 0DGAT, FALENE L LB LW & 2 HER
L, v—YrmOEANEHEARECTHDZ L2y, IRETIE, ©7 Y UMERE, DTW
N EDOREDER BLEDZE) 26 > AT L Tharz ik L, I T or S
A MEZ#EEET 5. T2 2 0E, BTV 2E‘BE S L HOEBRE S LT —F—0mg L >
L7e ON%, ZVIERM B AL > THRER WD, BITWhDEEBE S LIk, TR
FESILDONLEE L. —JF, FONTEITORWERE S Uik, =\ EEEEHCEE S 2 0
DIV HIG, EFEORHEE R TOduE, BEERIEHR ORERIEED ) A X2 k> TEAE{L
L LTh, IBZEE 2z bnd (eAMERSH D) LWVZD.
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# 23R LT2i@ Y, MBS D 288 L ONARL AT BRI B E R FIE Z L I2 e 5
72, HRf TG OFELLE O IEEE A Hom O FEETHEE T 5 X ) SHIBI K E RO X )i
BESL. £, ©F7 YV AHBEMRE ORI L TORMNEIC 12 RE L, NERLS
FEAIZFIRICT 5. £ LT, 2 TOFEOEEE O IEE, $(24) & FED KL T
[0,ANZIEBLT 2 (DIRE, ZoofE%E THExHRE) L RiLdT2).

O IERE A T AZ Y T L, overlap/XT A— X BB EETYH, 7 TAXY
TRERNED SR L &R T 5. DI, BBHOIIBT — %1 v N OFEICB VTR
HEEROIL, BEBLEG L OBEUER S VI TR RE INDL T EThD. DED,
FEXEEBE DN e AT VN7 7 A Z 3B LT iU, BR7R3IT — 2 &> ORI LB
TN, MBIZLoTHHIhRLT <D B2 LS.

# 23 FHAMBEI% & NRALAT T HA

B EMmFE i E NEGZ A 3R A1
s(tl Sk)
FES LIl
RRF® (Zs4= [0, 00]) o
v7 Y U FRER K
EFV: % A1
R ELERES (b= [~14]) ik
DTW
DTW SRR FIE

(25 b= [0, 0])

5.4.2 S 4

F 24 |\TFHESRMO—E AR T, RIS O 2R R AL, BESA, BT Y UM
BAte%k, DTW ® 3 > Th b. overlap/ 7 A —X4%, 0, 0.05, 0.1, 0.2, 0.4 &B{LxH&
%o wild TIZRE L, Al CIXEAEZ AT 202 L1235, 346 A m#13, ImageNet[169)]
MmbA Y ra— L 16 O (X 49) T, 1 xRk, %0 O 156 Bzt oom
BIZRE LT,

* 24 FHEGH—R

SRR i REFIE, ©7 Y UMEFRE, DTW
overlap 0, 0.05, 0.1, 0.2, 0.4
w; 1 (EAFTRL)
B E 16 £ (X1 49)
S R E R (target Hf% 1 £, W THIGEES 15 #0)

(ImageNet ™ API 75 AF-[169])
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elephantl

cldmanl

X 49 FHAHAESR—5

5.4.3 FLHIRIE

PCON— R =7REZE 25 1077, =y Ve LTUIMmARy 7 TlEb 57, ARkl
TIHEPEOMRE R 57200720 T, AABLHEE DM\ — %2 HE L7z,

V7 by TEREAZE 26 12757, Windows 10 EiZ Python 3.6 %A > A h—/L L, #F
MAO7Te 77 AEEfESE. fHMi7n 77 A CHEMA L7271 77 V1%, OpenCV,
scipy, dtw TH5D.
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# 25 PC — FU = THE
Intel Core 15-8500 CPU @ 3GHz

CPU
(627 6 ALy R)
A€ 64GB
Samsung SSD 860 EVO 1TB X 2
T4RY (v—4% v ¥ v/ Read 550 MBIs)
(3 —% >+ % /L Write 520 MB/s)
#£ 26PC Y7 by = THRIE
0S Windows 10 Enterprise 73— = & 1909 (64bit)
FUEAL Python 3.6

OpenCV[170] (7' L—A4—1k)
scipy.stats[171] (7 —F VB EHEE)
scipy.signal[172] (hifiE % )
dtwl[173] (DTW BREEFH)

IHERSATSY

5.4.4 FT{#ER
A FREZE DEFELNEDEE

target MR DFFEE (RFEM) LB LHBORME (HFWAR), overlap = 0RO X[H 5y
FIGLE (EFEM) 27vy L7 7 7% 50 1077, FEZ L OFEENEM. O bE 7 'a
vy FLIEbOEK 51 TR

RN D1 DOIFIZ K - TEFEEOMRE EREBNIRE D L P 2720, target Fifg

(F2) 1%, tigerl, tiger2<° cheetahl, cheetah27¢ L DNELNAENNT EDNEE L.
vV FEBREI TR A LT S 7, target MR ORHEE LTV E R D L) 7
cheetahl (11I), tiger2 (21), tigerl (4 ) 1% ENL72723, cheetah2 (THL) D X 9 ITHk
KA Z 5 EIEX L 72K DNENEAS FA3 0, x5 [ OARHE ~DFFENEMR. —, giraffel

(5fr) R catl (607) DXL HIZ, B A NT T LOEBEMZEAELTWD S DODINER B < H
THEY, p)EHMOMIME~OTFEEN T ED.
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cat2

catl

applel

target

giraffel

oldmanl

zebral

A

T o — —

1
|
|
|

\

tigerz

elephantl

cheetah2

tigerl

rabbitl

cheetahl

leopardl

50 HE & 4 EIXHE
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N —_ —_ —_
o = ~ <
g MT e Mo Mg #o
Q¥ HE weg Kz MKz k2
N i [ o O o O m O =
uEg ®wg g Wg wg wg
===cheetahl 1 ' ' ' ' ; |
——tiger2 2 : :
rabbitl 3 -
e—tigerl 4
e giraffel 5 -
catl 6 -
=== cheetah2 7 A
e=3pplel ﬁ 8 - :
e==lionl " 9 \/
e |ion2 10 A : : :
e=|eopardl 11
e==0ldmanil 12
ezebral 13
e Cat2 14
elephantl 15

51 Fk I L 0ELIEM DEL

2L (overlap = 0) 1%, cheetah2 (THi—510), leopardl (11 fi—T /L) ONEALA
B, giraffel (50i—617) <° catl (6 \i—9 L) DIELMLA TR ->TEY, HfFLIRER
W5 < . overlap%x 1 iS5 &, MMEOT 7 MIHAEERY, P RELZF
cheetahl, tiger2, rabbitl, tigerl ONEANLEEYT 5 K 51272 5. [AARIZ, giraffel, leopardl,
applel, catl DL, Lionl, lion2 DDIEFIZ HEEHRNET 5.

DTW %, cat2=x° elephantl] O L 5 W ENRKELS V7 b5 32— DA ZmE< L
TW5. —F5 T, applel X° lionl O X 5 RAEDOEMN R 538 — 2 DAL 2 &L 5.
REFEDoverlapS 1 IZIEWWANE —2 L0 072 DVIBED Y 7 MIERERSTNDH T &
DD

B. overlap/¥F X —%(Z J- 3IEREDEN

target it & OFELE O EHOZ b Z FIEZ 27 vy ML bOEK 52 IR
531X, target ifg & OFELIE OEXHEREA HVC, k-means (k=6) TV 7 AXZ Y 7
L7l T b, MPDORL, &7 7 AZOHLRTHLS. 7eds, FAHEHEN 0 IZHvVEE
target BB LI CVND Z L HRLTWVD.

BEROITMHMERN R BTNV T AZNEB LN & Th b, RS TOHMEL
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BB R T T 28X 54 IR T, T7bb, HEARICBWWGENEDEH L
WEIZRD LT, b7, TAFy, F—F—, XaOEg)n, HXHHEOR HIEWY 7
AL ITEE S T L.

v Y HBRE, DTW, #EFEL S, MoK bW JAXIZNT, F—X
—, XANFTEN, M 54 TRLEHGTDHHANTH S, Lo T, FERIIT —Z OFELE
FHRFIEDNENCHEEEL TRV, RIS O CIBERIR B R R DR b B e 2k %
=L Tnbdenzs.

UL, ©7 Y U AHERENE, {cheetah2, giraffel , catly°{zebral , cat3% 7 7 A%V
YIZLTEY, SEARICBWTOREILTWAS SOMNE—27 7 AXICEHE SN TND.

o — — —
o <
#H o A= # 3 #H S #H o
AY ﬁ R \'H" 1] \'|'|" 1l \'H" 1] \'|'|" 1]
A% W kS 5 g 5
R ®y  wmy My My My =
Um0 M3 =3 ®3 =3 ®3 £
+& - ~ - - -
==cheetahl 0 t ! ] /‘
—tiger? o1 e ——
rabbitl ' ]
—tigerl % 0.2 i
——giraffel :!5 03
catl = :
S 0.4 i
e==cheetah2 |4
3 pplel = 0
I'ppl i .5
e=l|ion
. %as
e=|ion2 &
e=|copardl @ 0.7 \
——oldmanl | %
0.8
=—zebral =
— Cqt2 0.9
elephant1 1 ’

X 52 FkI L OBREIEDHEX RO
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EEFE
ioverlan=0l

=0.05)

EEF®
loverlap

0.1}

=TS
loverlap

=0.2}

I2EFE
loverlap

BEEFE
ioverlap=0.4)

DTwW

targetBi% & MELIBOEEEE
0.4 0.6

0.0 0.2 0.8 1.0
* * 1* ) ¢ * w
cheetahl apple’ zebral
tiger2 m:':t'l lionl olamant cat2
rabbitl b2 lion2
tigerl leopardl
* x k& *  x
tiger2 giraffel lionl
rabbit1 hﬁ lion2 ety
tigerl
cheetah2
* x kX *x *
giraffel lionl
ﬂmﬂ hop:rl‘lp?’! ! lion2 m.lm.:ﬂ
tigerl
cheetah2
PO S PR S S |
giraffel lionl
=y e llon2 % s
cheetah2
m‘* lof *catl ol ol m*
giraffel lionl
tger2 | apfRE™  jon2 zebral et
cheetah2
* % *ﬁ w w *
W g:::tlﬁg{’:% zebral
- applel elephantl
leopardl
* ¢ *x % w
Ty o o2 2 o
MM 2zebral
tigerl cat2

53 k-means (k=6) 7 A% Y > 7 Hl
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7@%%*%13)31#@79%@.
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FIEEIZ, DTW Cb, lionl, lion235722% 7 5 A X253 b, tleopardl, elephantl}
B TAZ) T HRE, DEAMOINEDOE S L2t IZEEL TWian. —7%, &
ET{ElToverlap = 0~0.1 DA, {cheetahl, cheetahZ2, tigerl, tiger2, rabbit1li<°{lionl ,
Lion2D X HIZFxaBObDorH> La s TAX ) T LTEY, {giraffell<°loldmanl ,
zebral , elephantl}® X 5 72 b 7 L8R EBEL TS DX, 8057 7 A X IZEE L

TWA 72w, ET DHEMEICE.

rabbitl X° applel 33 aARD V7 T AKIZASTNDMN, ZHUIEHRIZERRIR G LI DR

B2ARX (FRRE) PEALTRHEEDO L X N7 T AOIRD target B D H D & EX
TR EREEL WD EEZLND. — 5T, overlapz KRE LTH, Bliriar
TALY U TRERIFTED LIRS, 77 AL REEEOIT NSO E S LSS < A
722U, NARLOZEET Y 7 A ZNICEE > TS,

AEEM T, FAEUE 2 BUNBEN AT L2, k-means DX D77 T AKX 7T )
A LZEFIR L, target 0 & OFELE T WIAIZ 7 T A% ZHE LT-14, &7 7 A X NOH
BZ R T IUIRM 2 ZESEDL Z ENFRETH D.
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INFRETH D Z L &R LIz, &5, DTW THIE & 72 2RI 2Bk — 8l L 2 8EPE D
AHE R, IRERTIEOMMEIC L5 XEOENC L o> THRTHZ ENTE .

TR FIEIL, overlap/3T7 A —X OEANIZ LY, FHLENAAL & AEENETEL LD, &
BOFMIIREN TH 7=, ERLZ, 7522V 7703 ) XAOM I & - TIEMZE
B a2 TX B FIAKRT, KRFHmEET T, overlap/X7 A —Z I ARETH5H.

HRFEE S LC, BT R T — & ORFEE, A CTHWZD(0) norm P £ 218,
XX LD norm DT —DEE D b O EMEATHMLENRH D, £ LT, IRETFIEIIRHEE
DA NI T AOWEZ EIRT 5720, JIFET —% DR EZ T 2 BpE T, A
A R Ete & X OB Z 0TV, AHICIE, BIREOMRRE B A RS L
72, HBEEROEE AR E LTRSS, LER- T, WREBOEENREVE
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T X ORI L [F U <, FREERHRFCANESS ) A AOBREZITV, BT DR D Z03
BENDIIICHE LRTIZ R D0,

AFH T, BBOBEEE LT A NI AEHWER, NGO EEER L
TWVE, FERIC 2 RLOETBIRICRIVTIRESF X2 EHAETH H. 61T, #EHK
X, EHROIED, 2 WITOEIR ORI A FFORERYIT — % CHHEARAETHD. =721,
R OEOE RV 7e R L R B RWEAITRESREZEHTE AN LIZEET 5.
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AT, BBFEODOT — 2 LTI FIEARE L. BEFIEIL, FEED
EA RN T LAOHBIZET HMED S 7 FOMEDOTEROFETEIZ ST 272912, 7 —
& JEPLEE STAT X 2 W O 4y L, X 2 & 12 DTW BB B L, R EEEEZ 5 S L Chakk
W7 ERE 2155 . G RHR CORRBE O — R r— 2 ZHE UTZR O 5 R, Mg v
7 b SWME DO TR OB BN FET DHMEOE 2 7T AOKEIZBWT Y, FEEm#
FHIHATRE Cd o 7o, FRHMEEREE T Tk, EFIEIL, 2 —FIC X 2R NE R RT A —
BINAREBTHLZ LR LTz,
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