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BW SD H KL I BW I SD I H | KL
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4. BB

AL T, BRIFRHBRICES HEE L EEMEROBBRECES{ERBELE L AW BT RER
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ZIZOWTHEFEZ TV, ZOREMMEER L.

EBROBE, 48394 XO/PMERVOIZ18EAV, FVOITHE L -HABREOEHELERELERE L
LTHWAZ L2k y, ZERAIBOMNI0%IZE W TADDEE TI0mmUA FOMBELEN W TH-7-. BH
WEBFEMC LY, ThORBERKHCEIREETHL L 2RRBELL.

MERERIL, BEERY 2 —LADOEREMBADLEEBELOAHBMIN THY, BRISHIZBOTHA
HENTH o=,

AFEIIv— I —VRARMBEDETHY, NEADLDEDARLTH I — 2 RERICABEERICA
FTRALEERY. ¥, BEKEUY—MEREBEBR COKHREREBLEL L. iTdl - #ih - kR
ECELNIEY, FEEBETRESGY, =2 T VEBEEZNET I LEL, HECMBEDETSLOD
ThDH. ThICXY, BH LK FEOBROEERE T, REORKE(LLHRRDRELERMICHEL
IR RIBEFTHORESLCEBIISATE S WEENRHD.

LSEIOHRETIE, RFHOEHBHELRITOI A Z7EBEZERSR 7 BLVORICEE L TEREIT 1M, &
Bhe A 7EBYA RO OVWTERCRNTAILERHD. -, BHMUROREICEL TS, BEA/NMES
#48L L, 3x3:20 18D VOIRE TER LIz, ROV T H BA/NMERO Y 4 X BRI OV TS %
ORNBYELEZD.

MERERIZOWTIE, BRTHLRVCHFEIGEHEANTHD EX DN, LVIEGEATOBRRKIGADEDITE
BILHETILERDHD.

B, SEiI2RY 2a—ARER LEMBADE Thoods, EBROEREGH T, HAEFAPSLEE
ORY 2 —ABOLTOMBELEBNIEAORETTAZONBBTHD. 12DEFAIGHLETORY = —
AF— A BOBHMBEDEICOVTRMNTILERHD.

Appendix BREFEOER
Al HERECHEAEERRE

2ODMEMRERES X & Y OBMEMERTHIED— 2 BRI (Correlation coefficient: R)23H 5. HER
LEX, YOREHEEBRSEEp(x),p(y), ThoDORMEREEREZp(x,y), FHIE, BEFEE Ho82Z
nEN, pocovktsE, HEREKEIUTOLIIRDLND.

p) = ) xp@), K=Y y-p0) a-1)

xX€eX x€eX

o) = jZ(x—u(x))z-p(x). o(¥) = JZ(y-;z(y))’-p(y) a-2)

x€X yEY

cov(¥) = D' N p(xy)x — ) — K (a-3)
YEY x€X
ReY) = 50 (a-4)

HBEERIIEIOBEOE THY, WIEWVEYEORBENIEL, -GV EAOMEBBREY. £, 0
OFRETIXHEEN NI EERL TS,
—%, FEREH E(Mutual Information: )i, HHREROSBFTHVOLNIET, UTOIIILERSND.

(A-5)

K Y) = Z z p(x.y)

ORI, Vv DERBHX)E, BEEHYEH - ROBBERXOBEEEBEp(xly) ZE > THE
N3, YOREEHTEBOXOREMHEZY e E—HEINEE>T, QROLSITRTILEHTED.
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HOO = = )" p() logp(x), HOY) == p()logp(y) 4-6)
YEX yey

HEXIY) = Z 167 (— z p(xly)log p(xly)) Aa-7
YEY XEX

IX;Y) = HX) — HXIY) Aa-8)

A-YRF DL ¥ 7 OB RBHX)IIHRERXB T2 H > TOEBFRETH Y, HX)RYZR - %108
LXOEHETHD. v/ OBREL, BREELES (HhEVWE] ORELLBRTEXSZLND,
MEBREIGVE, XBELF- T THVENE| b, YEH-HBICEAXD (HnEnE] 23
WebDTHY, R, YEMBILIZIVBLLEXD THOWENWS ] 2RTEBIMRTX 3D,

MEBRE IGGY) X, HXIY) =008, 2%V, YRMBZ LICLVXICES (HVENE | BEP oo
BRERD. #IZ, HXIY) =HRODHEA, 2FY, YEH->THXD [HEn&] BB LAVE &, &/
EPux s Zhnrd, HEEHR IXY) b, ZoORREROBEEOEIEL LTRHATE 3. HERE
BED, BREHSSIEEDL &, 0.0~800HBEDME LY, ERKXVIZY, BEOESVOAEL.

A2 HEREEHEBRBEOELEREL L To®K
RCFEERGE AV CHBRE CHEEREDEL
EEELLTORBE2FRYT. HNAIREEER
Girl(Tiffany) (512x512 24bit) 2% EIZ/ERL L 738 O
HREGONT ThH5. EEOERORC_BWroplis
TIZHBET, MN=1L0DEHT, (AR ->T, =
EEBRIC—RILFEZERBLZ2bDTHD. HEOEE
KBRLTI, BEREROEBEMOIITL X B3Rk
RIEFET B2V Iab—vardabie, &
B 2EBOMEMICILA L TEAEOERELZELE W
7o, ZOBE, EIREN2552BLTH—"—7n—7%3

TEEHEITAY, EEEROBEME T .75 ORG_BW NEGA_BW AMP_BW
JEME L7 —#kELEk 2 BB & ¥ /2. MN(Magnitude of MAl I 2 lb—Ya ViBOE3ROE R
Noise)id, EE T 3EKORE X OBRELHHTZ 15

A=FTHY, 00TIX/ A XEL, LOTHEEMOL025EHY O —HIBNEE SN S.

Fig A1O T BT, MN = LODF T, (A10)~(A12)RUC & ¥ B L 72 B8 T % . ORG_BWggrrom L ORG_BWrop
CRICARFRETHROANRZLD LD, NEGABWETHESY HERELEBICILELERELELOD,
AMP_BWIITERBRIC(A-12)RITRTBEEREH T -%, 2 EBLEAERTHS. TROELDICHEHE
PRED T T 4 — AT LI,

192 + rand1 * MN

ORG_BWrop(x,y) = Woman(x,y) * 356 A-9
192 + rand2 * MN
ORG_BWgorrom (%, y) = Woman(x,y) * I T (A-10)
192 4+ rand2 * MN
NEGA_BW(x,y) = (255 — Woman(x,y)) * — e — (A-11)
T X Ty
cos|5*e75)+3 cos|z*e55)+ 3
AMP_BW(X, y) = (2 45.12) * (2 212) * ORGBWBO’I‘I‘OM (x,y) (A - 12)

randl,rand2 : uniform random number between — 64 and 63
MN: magunituide of noise from 0.0 to 1.0
KA2 77 7%, EOBEBLTICH L, MN 20.0~1.00&EATELIET, HEEKR K) , Bk
O, HEERE (B 2HELERERTHS. SMSELE, BN ES LELKORELRT. AR
HBIRE, MRSBMEFRE. FHRIALT7 ORGBW, ##H27 NEGABW, RN ~7AMPBWTH 5.
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HAabUTD2o0 - EREMENs. (1)

[

8.0

NEGA BW O & 5 2B B 1o ¥ LB R A H 5 08 Y::::\\\4P”W 64
T OBE, HEMRERAOHEE R, BLlE [ \ “‘N..,-_ 48 =
L LTRIEL R, —F, MEMERE,  § % moso T T 2 §
IOLDRERATICH LT OELEREL L 8 | paean o NeAwW 1 g
THERET B . (2) ORG_BWRRAMP_BW®D X 9 (21 é.‘,: o 01 02 03 04 05 05 07 08 03 1 i: ‘g
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Ultrasound image registration using statistical character-
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Purpose: The registration of ultrasound images acquired at different stages of diagnosis and treatment is
extremely important. The purpose of this study is development of full automatic marker-less US volume
registration using three types of characteristic volumes derived from the 3D local statistical information.
Similarity measure in this study is unified into correlation coefficient derived from comparatively large
number of multiple small regions which were placed automatically almost at the center of volumes. Sub-
jects and Methods: We evaluated volumes based on (1) standard deviation and (2) entropy, whose values
are calculated from the intensity distribution inside of the sphere with radius 5 voxel centered at the target
voxels. In addition, we also evaluated a volume of (3) characteristic values derived from Kullback-Leibler
information of 20 sub-regions segmented by inscribed regular icosahedra in the sphere. The size of small
volume of interest(VOI) is 48°. We placed 3 X3 X2=18 small VOI’s at the almost center of volumes. Reg-
istration accuracy was evaluated by the residual misplacement between optimization result and the gold
standard defined visually in a subjective manner. Test dataset consists of 254 volume pairs selected from
past 3D ultrasound clinical studies. Results and Discussion: The registration with 18 VOI’s for character-
istic values derived from Kullback-Leibler information provided the best performance in which about 90%
of 254 cases showed clinically acceptable accuracy. The total processing time is about 10 seconds. Conclu-
sion: The proposed method indicated the possibility of automatic marker-less registration between US
volumes in pre-, intra-, and post-operative studies.(249 words)

Keywords : Marker-less Registration, Ultrasound image, 3D local statistics.



