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Abstract: A cone-restricted subspace method can express learning patterns accurately by generating a con-
vex cone for non-negative feature vectors. Classification of conventional method is performed based on the
angle between the input vector and the cone. However, recognition performance is reduced if the spread of
the convex cone is large, because it is impossible to distinguish between vectors near the surface and those
around the center of the cone. This paper proposes an anomaly detection method based on probability
density of normal data in cone-restricted subspace. Classification by the proposed method is based on the
probability contained in the convex cone. We demonstrate anomaly detection from breast ultrasound images
using proposed method, and confirmed effectiveness of the method.
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Fig. 1 Angle between the input vector and the cone.
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Fig. 2 Feature vectors in cone.
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Fig. 3 Flowchart of proposed method.

Y DWMERBE D C RFERINFELIRET 5.
BEFHEE, FR 72— ALBRE7 2 — XX DR S
NTws (J3). 87 x—XTlE, FH7 7 ADERAN
7 M VPSR SN D HEOILAY T & F LM EEH
L, SOEBIZBWTIERZ I A0 & % L THERE
BEMBEERT A, A7 2 —ATIE, ¥8 72— ATH
L 728EDILAS Y 51 & 3 22 HATF D4R 7 by
BT L, TOZETOMREREIVNS VIGEIZRE L L
THETS. T, M3IRT70—Fv— Mo TH
WA ZOWTHFAT 5.

3.1 $EDLEY Y ARERTEZREOESN

HEDIEA Y HI E Fe T M OB R, SR
MEIC BT 2 aiEN O L= RS 5. 2 7V
N OIEF 7 7 AET AT MVEEX = [21,...,ZN]
(x; & D RICOFINRY b V) 12 L, KRITRT L9 1IN
JRNNVDINVLELETHEREERL T, B2 b
a2 HAEBERA R ICHHET 5.

R Z; .

wi:m (i=1,...,N)

WATHERT L ORMAN 2 PVEE X = [#,...,8x5] 124
LTHOHMTY Ry 2HET 5.

Ry =XX"

HOAMHBITH R 126 L CHEAMEHREZ % < 2 & TRIA
it - BANZ MVHBHEBENS.

ReU =UA

22T, U={uy,...,up}id, EAEXZ bV u; 25E&T
BATHITH Y, A=diag (\y,...,Ap) &, EEME N Zxt
AR T LTI TH 5.

HCAHBI TN 3 2 B AR T, JCOREBZER I
BUIFBIER 7 7 2B T HHEN 7 VR ARRICZERM I
EHHE L7 EOBEOREER/NE 2 B X7 DVATE
ENL. COLEEAENRY PVEBABEORE SI2H-T

© 2015 Information Processing Society of Japan

HE2EEAY ML,
‘ ‘i

/ EIBEENRT NLiug
‘ $DLNDFEE

FKIZEM:Up
B4 $EOILAY % KT 2R OB

Fig. 4 Space that represents the spread direction of cone.
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4.3.1 IIEBEEES

AREBRCHME L 2B EEmGIE, 7L —A7—)
256 FEFR, i35 800 x 600, 7 L —24 L — b5 30fps DE
W Thsb. B 8ICHEZRT. EBRTIE, ERGEHY LD
Wr S N7oWEBRE 7 A S SN Bl A~G = HEL
7. SNSOBEEDOE T L —AIZBWT, TFH % FLRH
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Fig. 8 Example of the breast ultrasound image.
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Fig. 9 Examples of experiment data.

(b) IR
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Table 1 Number of samples in each patients.

R US| MGG GEFE)
Wl A 4167 976 (2)
W B 3180 50 (1)
i e 3098 70 (1)
eERE D 3811 79 (1)
WEE B 2411 63 (1)
BebE F 662 69 (1)
Wl G 4712 56 (1)
&t 22041 1363 (9)

DIEREG MG 2R L7z, 1R L 72 1IEH 2 U B O 5] 2
B 9 (a) |2, EREEIEOBI%ZX 9(b) IIRT. SHERE D
YRR L 72 1R 2 FUBR 5 & R g oY > TV, &
R OIEGI AR 1 1TRT.

] {5 > & O FRHEH T2, BRI 5 0 R R 5% i
ERIT &\ o T2 R & S 2 A RRETE O
B (Higher-order Local Autocorrelation; HLAC) F¥##L [4]
VA, COREMBFEERALERZ 2255,
12HIE, HOHMBBEKICE Y ERINTVDE I L0 )/
AXTEETH ), BEEEEICEZEINDG /A XD
BB SE2R0MESNL-0THL. 20HIE
HLAC Rl T, MR o2 8 ) 14 LlsaA
HTHY, EREOWRAVPAENTH L Z AL VlEN
WRIEL TWEEEZLNLIZOTH 5.

4.3.2 FLFEBEKEERICHT 2 FMNEDIREL

REEFETIE, FH 72— 212B0WT, #HET7T ADIE
HRIURE G2 5 T > #4012 10000 MO g 2 LS LT
HLAC Bt 56 2 & T, %27 I ADEH~NY v
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AL, UL, TREBRICBWTHDILYY K%
FKIEEORITEM % 1595 34 TTESE, I— 2 VE
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B CZAL 88728 E 12 AUCHS K E 2 B85 A — %
THb.
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B B MERBERBDSIEF Ty D5 ER LS
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Fig. 10 ROC curves of achieved by the proposal method and

comparison methods.
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RIMEBoTHESNIZEEZONL, —F, REFE
T, HEORMENE L P EZRAITE 2720, IEFL
READETLIBELRETLILT, H11(b) D&%
[ERGEE AEE T L MIBTE S,

4.3.3 R 3WBREICKT 2ALEEN DAREE

FLIR S P WG IR S DR ARG 2 L2k D, AR
MR R DG ) ORF DR 505, EBROZHTIR
INLDOFEEZ T I EEGE RIS 2 LEVHH. £
IT, ¥E 72— XATHAT W & ITRL LA
T B REFEFLEOILRT 2 HEES 5720, #EBHET LD
KAMERATo 72, T NOWHRED ) B 6 NDIEF 2 7Lt
W% FH 7 - A CTHAL, 5R) O 1 NOBBREDIER
7% FUBR (% & IR WG & 72 SR R O PERERT AT &,
WeBRE D NBUTHE ) L LAT - 72,

EFEO AUCHEEZR 2 ITRF. K212BIT54%MH 113
BN R OWERE 58 7 2 — XITHH L7z 8 &0 AUC
BETHY, &2 IREFROYERE 278 7 = — XM
MLWEED AUCHTH 5. &fF1 L4502 % ks
LE, EOFED AUCHHIZKELREDS W, 2% 0, W
TGO RELFE 7 =+ — XA THA L7 Ha Ll LT
WARWEGETHSEORERIMERTH), WIToFiED
BRI 2 AT 2 2 LD 0h 5.
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Fig. 11 Examples of tumor images.

xR 2 BWEBEIIHT S AUC 1E
Table 2 AUC values in each patients.
BTk 1 B 2 HBFE 3 REFE
(BB 43- 2218 :) (Rc#F M) Rtk
S| G2 | ML | 2 | St | &th2 | &tk | &2

WEFH A | 093 0.93 0.90 0.85 0.93 0.93 0.93 0.93
WE#H B | 0.50 0.47 0.65 0.58 0.74 0.74 0.77 0.75
WiERE C | 0.72 0.70 0.56 0.49 0.60 0.59 0.76 0.73
WERE D | 0.83 0.83 0.83 0.82 0.91 0.91 0.91 0.91
WERE E | 0.49 0.49 0.29 0.24 0.22 0.21 0.61 0.51
s F | 0.76 0.75 0.79 0.73 0.78 0.78 0.86 0.82
WiEgE G | 0.59 0.58 0.57 0.54 0.70 0.69 0.83 0.81
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(a) BiH A
B 12 5% 5 B 513 2 WRIRER 0

Fig. 12 Tumor images of different patients.

(b) #eb## E
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# E O AUC XK. 24, B 12(a) £ 12(b) 1R
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WAHDIZHL, WEEE E TSN TH Y, HLAC
B E E OIEREOF ORI ENERE EH 25 2
ENTELRP oI THILEEILND,
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Mtkid 5. €T, REFETIE, EHZ 7AEBTS
B 7 D OVIZHED N THETCIR O 22 B N O HiE 3295 B o3 A
FHEL, TORMATOIER T — % OREELEHT
B, ZHICXY, BN s S VHHEIRO IR T 5
BEVERIETE, ol & REAEICH 2582
MVERBTES X IZR D720, HEROHERIREDZ2H
el LR RE DT T 5. ERRTIE, IRETHEO
HMEOBGFEEAT ) 7280, 2 RCZEH ECH#ZERT 5 A
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