JP 2007-167629 A 2007.7.5

(19) B EEHEFT (UP) @2 MW F L ]A) (1) s53F B A P2 2
$5PA2007-167629
(P2007-167629A)
(43) AME FR19E7H5H (2007.7.5)
(51) Int.Cl. F1l FT—7a—F (%)
A61B 6703 m.m’) AG61B 6/03 360G 4C093
GO8T 7/80 (2006, 01) GOB8T 7/80 250C 5BO57T
GOs8T 1/00 (2006.01) GOsT 1/00 2908B 5L0O96

EEER RER BEREOH 40 OL HERHE & 49 R

RN HEES FrER2006-2314315 (P2006-314315) | (71) HEA A 508389034

(22) e ERLI8E11A21H 2006.11.21) AR A A=DX, [,

Bl EEEERES 11/287, 161 VITAL IMAGES, INC.

(32) &5 H ERI7EEILA 23 2005, 11.23) TAVAGERE, IFXVEM 55343
@) WEEERE  KRE LS s RRRMAA, AR k= v

5850, Af—}F 300

(74 fKEA 100074099
ELT RE #2

(O REE ~Lwsr TL—i
TAVAERE, IAHVEAM 55347
, A—=Fy A N— v
K547 13947

BRI

(64) [RIADEH EBROSNEROMESHE

Gnoooooooooooo
ugogooooooooboboooooooaooaoo
gogogoooboobobobobooodooaagogaoo
oobOOooooooOobooooobobooooooono
oobOoOoooooOobooooocobooooooooo
oobOoOoooooOoboooooobboooooooog
gooooooooboobbbooooooooogooo
gooooooooboobobbobobooooooooooo
ogoooooooooboboboboooooooogooo
ugogooooooooboboooooooaooaoo
gogogoooboobobobobooodooaagogaoo
oobObOoooooboooooobooooooooo
oobObOoooobOboooooobbooooooboog
ooooogo

110
1B
100

i_(qu\\

108
It




e R e [ [ A [

Ooo0ooooooo o0 oo ooooo0 oo ooooogogooo
Oo0oooooooo0ooDoooooooDooooogogooao
Ooooooooo o0 oo ooooo0oooooooogogooao
Oooooooooo0ooDooooo0oo0ooooogogooao
OoooooooooooDoooooooooooogogooao

Oo0ooooooogoOoooao

Ooooooooo0ooooooooooooogodg
Oo0oooooooo0ooooooooooooogodg

O O0ooo

Ooooooooooooooogogogoao
Ooooooooooooooogogogoao
Ooooooooooooooogogoo

O O0ooo

O O0ooo

Oooo0oooOooOgoao
OooooooOooOoao

O 0O oo
OO oo
OO oo
O O0Ooo
O 0Ooo
O Ooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O Oooo
O 0Oooo
O Oooo

O 0Ooo0ooOoo
O 0Oo0ooOoo
O 0Oo0ooOoo
O 0OoOooo
O 0OoOooo
O 0OoOooo
O 0Ooo

O 0Ooo

I [y |
O 0O o0ooOoo
O 0Oo0ooOgoo
Y Y |
OO ogogog
I [
I Y [
I Y [
I Y [

O
O
O
O
O
O
O
O

O 0Ooo
O 0Ooo
O 0Ooo
O 0Ooo
O 0Ooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O Oooo
O Oooo

O
O
O
O

O
O
O

O
O
O
O

(2)

O
O
O
O
O

JP

2007-167629 A 2007.7.5

O
O
O
O
O
O
O
O
O
O
O

ooooooooooao

ooooooooooao

gooooobooobood

gooooobooooogd

10

20

30

40

50



e R e [ [ A [

Ooo0ooooooo o0 oo oooo0 oo oDooo o ooDoooogogo-g
Ooo0ooooOooo o0 oo oooo0 oo oDooo o0 ooDoooogogo-g
Ooo0ooooooo o0 oo oooo0 oo oDooo o0 ooDoooogoogo-g
Oooooooooo0 oo oooo0oooDoooooooDoooogoQgaodg
OoooooooooDoooooo0oooDooooooooooogoga-g
OoooooooooDoooooo0oooDooooooooooogooga-g

OO0Ooo0oo0oo0ooao

Ooooooooooooooogogoooao
Ooooooooooooooogoooao
Ooooooooooooooogooooao
Ooooooooooooooogogoooao

OOoo0oooood

OOo0ooooooood
OOooooooood

OoOoo0ooooOod

O0Oo0oo0ooao
O0Oo0oo0ooao
O0Oo0Oo0ooo

O
O
OJ

O
O
O

Ooo0ooOoo0goaoOo
Ooo0ooOoo0gooO
Ooo0oo0ogogoo
Ooo0oo0ogogo
Oo0Ooo0gogoo
Ooo0Ooo0ogogo

OO0Ooo0oo0oo0ooao
OO0Ooo0oo0oo0ooao

O
O

O
O
O

O O0Oo0ooOoo
OO o0goo
O OoOgoo
OO oOgooo
OO oOgooo
O OoOooo
O OoOooo
O OooOooo
O OooOooo
O OooOooo
O Oooo

O Oooo

O
|
|
O

]
]
[
[

|

I O Y
I [
I Y [
I Y [
I Y [
O O oo
O O oo
O O oo
I Y [
O 0o oo
O 0o oo
O Ooogoo
O Ooogoo
I ) [
O Oooo
I [ [y
I [ [y
I I [
O Oooo
O Ooogo
O Ooogoo
O 0o oo
O Ooogoo
O 0o oo

OO oo
OO oo
O Oooo
O Oooo
O Oooo

O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O

(3

O
O
O
O
O
O
O

JP

2007-167629

O

2007.7.5

10

20

30

40

50



e R e [ [ A [

Ooo0oooooooo0 oo ooooooooooQgogoao
Oooooooooo0ooDooooooooooQgogoao
Ooo0ooooooo o0 ooooooooooooQgogogoao
OoooooooooooooooooooooQgogoao
Ooooooooooooooooooooooogogoao
OoooooooooooooooooooooQgogogoao

Ooooooooooooooooooooooooao
Ooooooooooooooooooooogoooao
Ooooooooooooooooooooooooao
Ooooooooooooooooooooooooao
Ooooooooooooooooooooooooao
Ooooooooooooooooooooogoooao

O
O
|
|
|

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
|
|
|
|

O
O
O
O
O
O

O o0oo0oo0goao
Oo0ooOoo0goao
Ooo0oo0ogao
Ooo0oo0ogao
Ooo0oo0ogao
Ooo0oo0ogao

O 0Oo0ooOoo
O 0Oo0ooOoo
O 0OoOooo
O 0OoOooo
O 0OoOooo
O 0OooOooog
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O Oooo

O
O
OJ
OJ
OJ
OJ
OJ
O
O
O
O
O

O0Oo0oo0ooao
O0Oo0oo0ooao
OO0Oo0oooo
O 0OoOooog
O 0OoOooog
O 0OoOooo
O 0OooOooo
O 0Ooooo
O Ooooo
O 0Ooooog
O Ooooo
O 0Ooooo
O Ooooo
O 0Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O 0Ooooo
O 0Ooooo
O 0Ooooo
O 0Ooooo
O Ooooo

O o0ooo
O 0Ooo
O 0Ooo
O 0Ooo
O 0Ooo
O 0Ooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O Oooo
O Oooo
O oOooo
O oOooo

O
O
OJ
OJ
OJ
OJ
OJ
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

Oooo0oo0oooad
Oooo0oo0oooad
OoOooo0oogood
OoOooo0oogood
OoOooo0oogod

O O0Oogogog
O O0OoQgogaog
O Ooogogog
I Y [ Y
O Ooogogoog
O Ooogoog

O
O
O
O
O

(4)

O

O
O
O
O
O
O

JP

2007-167629

O
O
O
O
O
O

2007.7.5

O

ooad
ood
O

ooad
ooad

10

20

30

40

50



e R e [ [ A [
ey e [y e e R R e e [ [
e e R e e [ [ A B [
e e e [ R e e [y A [

R A s [y [ |
ey R A s [ [ |
ey e s [y [ |

OO0Ooo0oo0oo0ooao
OO0Ooo0oo0oo0ooao

O
O
O

O Ooo0ooOoo
O Ooo0ooOono
O Ooo0ooOoo
O O0Ooo0ooo
O O0Ooo0ooo

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

OoOo0oooooooOod

O
O
|
|
|
|

O
O
OJ
OJ
OJ
OJ
O
O
O
O
O

OO0Ooo0oo0oo0ooao
OO0Ooo0oo0oo0ooaoo

]
]
[
[
|

O 0ooo

OOo0oooooooOod

O 0ooo

O
O
O
O
O
O
O
O
O
O
O
O

|
|
|

OooOooodgood

[

O
|
|

O oOood

O
|
|
O
|

O oOood

O oOood

O
O
O
O
O
O
O
O
O
O
O

O 0Oo0oo0ooo
OO0Oo0oooo
O 0Oo0oooao
O0Oo0oooo
OO0Oo0oooo
OOoo0oooao
OOoo0oooo
O0Ooo0oooao
OOoo0oooao
OoOoo0oooao
OoOoo0oooao
OoOoo0oooao
OoOoo0oooao
OoOoo0oooaoo
OoOoo0oooao
OoOoo0oooaoo
OoOoo0oooao
O 0Ooooo
O 0Ooooo
O 0Ooooo
O 0Ooooo
O Ooooo
O Ooooo
O oOoooo
O oOoooo
O 0Ooo0ooao
O 0Ooo0ooao
O 0Ooo0ooo
O 0Ooo0ooao
O 0Ooo0ooo

OJ
O
(]
(]
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O

O 0ood

O 0ood

O o0ood

O o0ood

O o0ood

O oOood

O 0Ooogo

O 0Ooogo

O Ooogo

O Ooogo

O Ooogo

O Ooogo

O Ooogo

O Ooogo

O Ooogo

O Oooo

O Oooo

O Ooogo

O Oooo

O Oooo

O Ooogo

O Oooo

O Oooo

O Ooogo

O Oooo

O Oooo

O Oooo

(3

O Oooo

O Oooo

O Oooo

O Oooo

O Oooo

O Oooo

O Oooo

O Oooo

O Oooo

O Oooo

O Oooo

JP

O Oooo

2007-167629

O
O
O
O
O
O

O Oooo
O Oooo
O Oooo
O Oooo
O O
O O

O
O

O
O
O
O
O

2007.7.5

10

20

30

40

50



e R e [ [ A [

Iy e ) [ s [ [ |

Ooooooooogoogooao

-
(9]

I [ [ i e [ e i L e O

O 0Oooo

|/ i [ O [ O R

DDDDDH

I Ry |

OoooooooooooooooooooooOgodg

O O0ooo

I [ [ e [ e L e i [

O 0Oooo

-

R R R A [ I [y

O 0ooo

OO0Oo0oo0oo0ooao
O 0Oo0ooo
O 0Ooo0ooo
O O0Oogogog

O
O
O
OJ
OJ
O
(]
(]
O
O

O 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Oo0ooOoo

OoOooooood
OooooooogoOod
OoOooooooOoad
OO0 ooooggdg
Oo0oooooogogdg

O 0Oo0oooao
O 0Oo0oooo
O O0Oo0oooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao

Ooooooooodg
Oooooooood
OoooooooOod
OO0 oooooogdg
OO0 ooooogoogdg
OO0 ooooogoogdg
OO0 ooooogoogg
OO0 ooooogogg

O Ooo0ooOoo
O O0Ooo0ooo
O O0Ooo0ooo
O O o0gogo
O O o0gogao
O O oOgoo
OO o0goo
OO oOgoo
O OoOgoo
O OoOgoo
O OooOgoo
O OooOooo
O Ooooo
O Ooooo
O OooOgooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O OooOooo
O OooOooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooOoo
O Ooo0ooOoo
O Ooo0ooo
O Ooo0ooo

O
O
O
O
O
O
O
O
O
O

O

|
O
O

O oOood

[
[
|

O 0Ooo
O 0Ooo
O 0Ooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O Oooo
O Oooo
O oOooo
O oOooo
O oOooo
O oOooo
O oOooo
O oOooo
O oOooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

O 0ood

O o0ood

O 0Ooogo

O Ooogo

O Ooogo

gogo”

flythroughOd ”

O

0

O

O

Oooooogogdg

O Oooo

0

O

Ooooooggdg

(6)

O
O
O
O
O
O
O

O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo

o

O

OOoo0ooooao

Ooooooggog
Ooooooggog
Oooooogogdg
Ooooooogogdg
Oooooogogdg
OoooooogoQg-g
OoooooogoQgdg
OoooooogoQg-g
OooooooogQgdg

OoOoooooggdg
OoOooooogogdg
Oooooogogdg
Oooooogogdg
Oooooogoogdg
OooooogogoQgdg
Oooooogoogdg

registrationd
ooooooao
ooooooao

O Oooo

OooooogooQgdg

O
O
O
O
O
O

O Oooo

Oooooogoogdg

O Oooo

Oooooogoogdg

O Oooo

OooooogooQgdg

O Oooo

Oooooooog

OooooooQgdg

JP

O Oooo

Ooooooog

OoooooogoQgdg

2007-167629

O
O

O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo

Ooooooog
oo ooooog
Ooooooog
Ooooooog
Ooooooog
Ooooooog

OoooooQgdg
OoooooQgdg
OoooooQgdg
OooooooQgdg
OooooooQgdg
OooooooQgdg

O
O
O
O
O
O

O
O
O
O
O

Oooooooo-g

OoooooQgdg

O
O
O
O
O

2007.7.5

O O0ooo

Ooooooooodo

OooooooQgdg

O 0Oooo

Oooooooo

Oooo0oooQgodg

O 0Oooo

Oooooooo

OooooooQgodg

O 0Oooo

Ooooooooo

OooooooQgodg

10

20

30

40

50



I [ S [ e O e e Y [

OoOooooood
Ooooooood
Oooooooodg
Ooooooood
Ooooooood

OoOooooooo0o0oooooo oo oDoooo oo oooDoDoooo0oooDoDooooooooao
OoOoooooo0o0oooooooooooDoooo o ooDoDoooo0oooDoDooooooooao
OoOoooooooo0ooooooo0ooooDoDooo oo oDoDoooo0oooDoDooooooooao
OoOoooooooo0ooooooooDoDoooo oo oDoDooooooDoooooooooao
OoooooooooooooooooDoooo oo oDoDooooooDoooooooooao

O0Oo0oo0ooao
O0Oo0oo0ooao

O Ooo0ooOoo

Ooooooooodg
Oooooooood
OoooooooOod
OO0 oooooogdg
OO0 ooooogoogdg
OO0 ooooogoogdg
OO0 ooooogoogg
OO0 ooooogogg
OO0 ooooogogdg
OO0 ooooogogg
OO0 ooooogoogg
OO0 ooooogogg
OO0 ooooogogdg
Ooooooogogg
OO0 ooooogogdg
OO0 ooooogoogg
OO0 ooooogogg
oo ooooogogg
oo ooooogoogg
oo ooooogoogg
oo ooooooQgg
oo ooooogooQgodg
oo ooooooQgodg
oo ooooogooQgdg
oo ooooogooQgodg
oo ooooooQgdg
OooooooooQgog
oo ooooooQgodg

O 0o oo
O 0o oo
O 0o 0o o

O 0Oooo
O 0Oooo
O 0Ooo
O 0Ooo
O 0Ooo
O 0Ooo
O 0Ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O oOooo
O 0Oooo
O oOooo
O 0Oooo
O oOooo
O oOooo
O oOooo
O oOooo
O oOooo
O oOooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O 0Oooo

OoOooooood
OoOooooood
OoOoooOooood
Oo0Doooood
Oo0Dooooogod
OO0 ooooogod
OO0 ooooogod
OOoooooogod
OOoooooogod
OOoooooogod
Ooooooogod
Ooooooogod
Ooooooogod
Ooooooogod
Ooooooogod
Ooooooogod
Oooooood
Oooooooodg
Oooooooogodg
Oooooooodg
Oooooooodg
Ooooooood
Ooooooood
Ooooooood
Ooooooood
Ooooooood

O 0Ooo0oo0oo0oao
O 0Oo0oo0oo0oao

O 0o oo
O 0o 0o o
I [
I O Y
I [
I Y [
I Y [
I Y [
O O oo
O O oo
O O oo

oooooods

= o
OooDooo=—" Odgood

ODooooo=©= 32 0go0oog
OO0 O0OooOoge

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

|
|
O

O OoOgoo
OO oOgooo
OO oOgooo
O OoOooo
O OoOooo
O OooOooo
O OooOooo
O OooOooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooo0ooo
O Ooo0ooo

OOoooooog
OOoo0ooooaog
OOoo0ooooaog
OOoo0ooooaog

O
O
O
O
O
O
O
O
O
O
O

O Ooogooao
O Ooogooao
O Ooogooao
O 0Ooogoooao
O 0Ooogoooao
O 0Oooooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooo
O 0Ooo0oooo
O 0Ooo0oooao
O 0Ooo0oooao

€0

JP

2007-167629

O
O
O
O
O
O

OooooooQgdg

[ |
[ |
[ |
[ |
[ |
[ |

O
O
O

OoOoo0oood
OoOo0o0ooood
OooOoo0oood
Oooo0oood
Oooo0oood
OooOoo0ooood
OooOoo0oood
OooOoo0ooood

O
O
O
O
O

OoooooQgdg

O
O
O
O
O

O
O
O
O
O

) ) A N O N R Ny =

2007.7.5

OooooooQgdg

OoooooosS Oogooo

r

Oooo0oooQgodg

OooooooOoe ooooOoo

O 0Oo0oo0ooao

r

OooooooQgodg

O 0Ooo0ooo

OooooooQgodg

OoooooogeooooOoQd

10

20

30

40

50



e R e [ [ A [

Iy ) R [ [ I
Iy e e ) R e [ [ A

OoOooooood
Ooooooood
Oooooooodg
Ooooooood
Ooooooood
OoOooooood
OoOooooood
OoOoooOooood
Oo0Doooood
Oo0Dooooogod
OO0 ooooogod
OO0 ooooogod
OOoooooogod
OOoooooogod
OOoooooogod
Ooooooogod
Ooooooogod
Ooooooogod
Ooooooogod

OoOoooooooo0ooooooo0ooooDoDooo oo oDoDoooo0oooDoDooooooooao
OoOoooooooo0ooooooooDoDoooo oo oDoDooooooDoooooooooao

I e O O [

O0Ooo0oo0ooao

O
O
O
O
O
O
O
O
O
O
O

O
O
O
OJ
OJ
O
(]
(]
O
O
O

O 0Oooo
O 0O oo
O 0O oo
O 0O oo
OO oo
OO oo
O 0Oooo
OO oo
OO oo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo

OOo0oooooooOoooooao
OOo0oooooooOoooooao
OOo0ooooooOoooooa.o

OOo0ooooooooooooOgoogaog
OOo0oooooooooooooQgooQgoao
O 0Ooo

Oo0ooOoo0goao
Ooo0oo0ogao

OoooOoooO0oOooOooOoOodd
Oooooooogooogodg

OoOoooogoood

OO0 OoDoDoog4gogooooaog
OO0 o0oDoogoggogooooaog
OO0 oOooDoog4gogooooaog
OO0 oDoDoog4gogooooaog
OO0 oDoDoog4gogooooaog
OO0 oDoDoogog4gogooooaog
OO0 ooDoog4Qogooooaog
OO0 ooDoogog4ogooooaog
OO0 oooogog4ogooooaog
OO0 ooooogoggogooooaog

O Ooooo

OO0 o0oDooodggogoooooggogodg
OO0 o0ooDooo4gogogooooooggogg
OO0 o0ooDooo4gogogooDoooggogog
OO0 oDoooo4gogooooooggogog
OO0 ooDooo4ogogoooooggogog
OO0 ooooooogoooooggogog
OOo0ooooooooooooggogog
OOo0ooooooooooooggogog
OO0 ooooooooooooggogog

(8)

oggad

OoooooooggogoQg
OooooooogogogooQg

O Oooo

O
O
O
O
O
O
O
O
O

OOoooooaog

O Oooo

OoOoo0oooogod
OoOoo0oooogod
OoOoo0oooogod
OoOoo0ooood
OoOoo0ooood
OoOoo0oood
OoOoooood
Oo0o0ooood
Ooo0ooood
Ooo0ooood
OooOoo0oood
Ooo0oood
OoOoo0oood
OoOo0o0ooood
OooOoo0oood
Oooo0oood
Oooo0oood
OooOoo0ooood

OoDooooogog4ogooooaog
OoDooooogogooooaog

Oo0oooooogooooooodg
Oo0oooooooooooood

O Oooo

Oooooooogoogooao

O Oooo

Oo0oooooogogogooQg
Oo0oooooogoggogooQg

OOoooooaog

O Oooo

OooooooogoQgooao
OooooooogoQgooao
Oo0ooooooQgooao
Oo0ooooooQgooao
Oo0ooooooQgooao
Oo0oooooogoQgooao
OooooooooQgooao
Oo0ooooooQgooao
OooooooooQgooao
OooooooooQgooao
OooooooooQgooao
OooooooooQgooao
OooooooooQgooao
OooooooooQgooao
Ooooooooogooao

Oo0ooooooooooooodg
Oo0oooDoooooooooodg

O Oooo

OooooooogogQgogooQg
Oo0oooooogogogogooQg

JP

O 0Oooo

2007-167629

ooooogad

O
O
O
O
O
O

OoooooooogogogogooQg

Oo0ooooooooooooodg
Oo0ooooooooooooodg
O 0Oooo

Ooooooooooooooodg
OO0 ooooooooooooodg
Ooooooooooooooodg
Ooooooooooooooodg
Ooooooooooooooodg
Ooooooooooooooodg
Ooooooooooooooodg
Ooooooooooooooodg

O

2007.7.5

ooogad

(]
O
O
O

OooOoo0oood
OooOoo0ooood

10

20

30

40

50



e R e [ [ A [
e e ey e R e e [y [ A B [
e e [y R e [y [ A [

I e e R ) R Iy Ay

Oo0ooooocoogoooao
Oo0oooooooogoOoooao

O 0Ooo0ooOoo
O 0Oo0ooo
O 0Ooo0oo0oo
Y Y
O O0OoOoogaog
Y [ Y
O O0OoOgogog

OooooooQgoao
OoooooogooQgoao
OooooooQgoao
OooOooooogadg

oo oooOoooo oo oDooo oo oo oooogoQgogoo

O

Ooooooooooooooooooooooogogoao

OOooooooood
OoOo0ooooooood
OoOooooooood
oo oooooogogdg
OO0 oooooogogdg
OO0 oooooogogdg
OO0 oooooogogdg

Ooo0ooooooogogooao
Ooooooooogogooao

O 0Oo0oo0oooao
O O0Oo0oo0oo0ooao
O 0Oo0oo0oo0ooao
O 0O 0OooOoooao
O 0O0OooOoooao
O 0O0Ooooogoao
O O0ooooao

OooOoo0ooooQdgadg

OooOoo0oooodgadg

OoooooobooOooonodd
Oo0oogooogogood
OOo0oogooogogood
Ooooogooogogood
Ooo0ooooogood

OoOoooogoood

OoOoooogoood

OoOoooogogood

Ooooooggdg

) JP 2007-167629 A 2007.7.5

gboooooobooooboooboboobobboooboooboooan
ooooooooooobooboboboooooooooooao
gboboooboogooboooobooboobobobobbooboooboonn
gboooboooooooboobobbooobobooboooboooan
oooooooooooboobobobooooobooooooao
gboooogooooobooboobobboboboobooboonn
gbooobooooboooboobobboooboobooobooodnn
goooooooooobobobobobooooboooooooao
gboboooboogooboooobooboobobobobbooboooboonn
gboooboooooooboobobbooobobooboooboooan
oooooooooooboobobobooooobooooooao
gboooogooooobooboobobboboboobooboonn
gbooobooooboooboobobboooboobooobooodnn
goooooooooobobobobobooooboooooooao
gboooooobooooboooboboobobboooboooboooan
ooooooooooobooboboboooooooooooao
gboboooboogooboooobooboobobobobbooboooboonn
gboooboooooooboobobbooobobooboooboooan
oooooooooooboobobobooooobooooooao
goooooooooobobobobobooooboooooooao
gboooooobooooboooboboobobboooboooboooan
ooooooooooobooboboboooooooooooao
gboboooboogooboooobooboobobobobbooboooboonn
gboooboooooooboobobbooobobooboooboooan
oooooooooooboobobobooooobooooooao
gboooogooooobooboobobboboboobooboonn
gbooobooooboooboobobboooboobooobooodnn
goooooooooobobobobobooooboooooooao
gboooooobooooboooboboobobboooboooboooan
oooooooooooboobobobooooobooooooao
gboooogooooobooboobobboboboobooboonn
gbooobooooboooboobobboooboobooobooodnn
goooooooooobobobobobooooboooooooao

PowerPCOOOOOOOOOODODODOODODODDDODDOODADOG
ooooooooooobooboboboooooooooooao

oooooooooooboobobobooooobooooooao
gboooogooooobooboobobboboboobooboonn
gbooobooooboooboobobboooboobooobooodnn
goooooooooobobobobobooooboooooooao
gboooooobooooboooboboobobboooboooboooan

10

20

30

40

50



Oo0oooooooOodg

e e e e e e e e Y s e Y s e O e O O O e e e e e e o O s O
e e O e O o s o (=

OOoooooog|ooooao
I Y Y Y

o

c OO0 oooOoooogoao

-

O O0ooo O

O Ooo0ooo
O 0Ooo0ooo
O O0Oo0ooo
O O o0gogog
O O oOgoo
O O o0goo
OO oOgoo
OO oOgoo
O Oogoo
O OoOgooo
O OoOgoo
O Ooogoo
O OooOooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O OooOooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O OooOooo
O Ooo0ooo

O
O

O 0Oooo
O 0o oo

Ooooooobooo=z2 oo0o0ooooogao

OO :

OOooooooogooo;ooaoo

OoOoo0oo0oooao

P

Q

Ooooooooo0 o oo ooo o0 oo IEbooco o0 o0 oo oooogoogogoo

Ooooooooooooooooooooao
Oo0ooooooooooooooogogooooao

(=

= 0O

ODooOoooogooogaod

O0Ooo0oo0oo0ooao
O 0Ooo0oo0oo0oao
O 0Oo0oo0oo0oao
O 0Oo0oo0oo0oao
O 0Oo0Oooao
O Oo0ooogoao
O OoO0ooogoao
O Oo0oooao
O OoO0ooogoao
O Ooo0ooogoao
O Ooo0oooao
O OooOooogoao
O Oooooao
O Oooooao
O Oooooao
O Ooo0oooao
OOoo0oooao
OOoo0oooao
OOoo0oooo
OOoo0oooo
OOoo0oooaoo
OOoo0oooo
OOoo0oooo
O Ooo0oooao
OOoo0oooao
OOoo0oooao
OOoo0oooao
O Ooo0oooao
O0Ooo0oooao

I
e

O

OoOoooooooo|o
OooooooooQgoo|iI;
OoooooooOooOoo
O 0Ooood

O

O
O

O O
O O
O O

O oOood
O o0ood
O oOood

I I B [
OOooooooogoodg
Ooooooooogogod

O Ooood

OOooooooogoodg
O Ooood

]
[
]

~
OOoooooog|ooooao

OooooooooOodg
OO0 oOooio;ood

O

O
O

gd

|
|
|

ggno

O
O

O Ooogo

O

O Ooogo

OO ogogog
OO ogogog

[

O

O
O
O
O
O

O Ooogo
O Ooogo
O Ooogo
O Ooogo
O Oooo

O Ooogogoog
O Oooo

O

O O ogo

Oo0oooooggogog
o o

Oo0oooooggogaog

OJ
OJ
O
O
O

googao

(10)

O
O

O Oooo

Oooooogogaog

O
O

O

O Oooo

O Ooogogoog

R

O

O
O
O
O
O

O Oooo
O Oooo
O Oooo
O Oooo
O Oooo

O
O
O
O OoogogooQg

I o
OooooogogoaoQg
OooooogoQgaoQg
OooooogogoaoQg
OoOoooos

O
O
O
O
O

googao

O
O

O Oooo

O

O

O Oooo

O

JP 2007-167629

ooooad
Oood

O
O
O
O
O

[ i R |
[ |

OoooooogogooQg

I o
OoooooogoQga-g
OooooogoQgQg

OooooooQgoQgQg

O
O
O
O
O

goooao

oad

O
O

I [y |
I [y |
Oooooood
Oooooood

a
I B
O

O
T o

[}

O 0Ooo0gooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0gooo
O 0Ooo0ooo

O
O

oo

A 2007.7.5

ooooag

O
O
O
O
O

oo
Prep
oo
oo

O 0o oo
O 0o oo

I [y |
Iy |

]

O

O
O
O
O
O

gooogad

uooboboobooboobouoboudo, 0000y 0bO0ob0OOoODbOOO

yboboooooooobooooboooooooobOooooooooooao
ooooootoooooooooooooooooboboDbDOoOOoOn

ud

10

20

30

40



L T e T e T e T e T e T e B e B s T e B |

(11) JP 2007-167629 A 2007.7.5

O00oano
c(0)=C,
e(|C, - Cy)=C,

oG, - Cof +]C, -Cih =€,

e =, where |c]=35jc,~C.|

O

000000000 0DO0O0D,0000,0000000000000000000¢0
(0) 0000, (0)oOOOO

0000

0D0O00oQ

000000000000 D0O0O00O0O0O0O0O0D0DO0O0O0DO0O0O0O0O0O0O0O0O0O0O0oaO

OoooooOooo|joo-
OoOoo0oo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0oo0ooao
O 0Ooo0ooOoo
O 0Oo0ooo
O o O oo
Y Y
O O0OoOoogaog
Y [ Y
O O0OoOgogog
O O0Oogoao
O o O oo
O Ooogoao
O Ooogoo
O Ooogoo
O Ooogoo
O Ooogoo
O Ooogooo
O O a oo
O OooOgooo
O Ooooo
O OooOgooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O 0Ooo0ooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O o0Oooo
O o0Oooo
O 0Ooo
O 0Oooo
O 0Oooo

O O
O O
O
O
O

oooooooao
[35]

oooooboobogoban

O

G-

o

goooaoano
o..0Oooil
ogooo
ugobouoboobouobouooboooooooado

[
]
]
[
[
|

oooOosdODOOOODODOOOSdOOODOSODODOOO
ooooao

opgogd ™ T T T g T T T g g T T T T o g oo oooo oo oo X

il
S

0

0

0

0

0

O 0Oooo



uoboobooboobooboooboooooaodao

c

uoobobooboobooboobooboooboooobooboao

¢, (1)
g o

¢, (1)

o
gooad
oogoggag

O Ooo;| oo

C

a

)

¢, (t]
ICa|

Ea (t) =

(12)

JP 2007-167629 A 2007.7.5

gobooboobogoboobogogobooboooobooboobobbobobooboobo
oooooouooooooooooboo,loooogon

goobooboobooboobiodgoy0obboobboonb

[0, i)

Cal

ogooad

gooooobooobogobogogbogobooboobobobobobboooboooboo
gobobooboobooboobogoboaa

¢, (t) = ¢,(0)

10

20

30

40

50



(13) JP 2007-167629 A 2007.7.5

Gy

>
IC.]

5, (0 =2, (2

10

ooobobooboobad

Cp

oooooooooooooooobobobooboboDbooooboboooooooao

¢, (1)

20

AY

30
goooobooboobogoby0bi00py0obboobbobbobboboboan
ocoooooOo0gyp(@@)OooDOooobOoooobDoooooooooo

¢, ()
ocooobo,(@o)H)oooooboobDOoooDbDOoooao

G, (t). "

goobooboobogobogooboogoobooboboobobooboboobooan
gobouobouobouobouobodobbboobobooboboobobooonan
coooooogooooooooooobobobbbboy,b0b0O0O0dOgO...o
g oboooboobooobobooobobooobooboobobboobooboboooboaodao 50

O 0Oooin;oo
O 0Ooo0omo;moaoo
O 0Ooo0omo;oao
O 0Ooo0ooOomo;oao

e = o e B P o B B s o T s B T s
O 0Ooo0ooin;o

a
a
a



Ooo0ooooooo oD oo oooo0o oo oDoDoooo00 oo oDoDooooooooogodg

OooooOooogoaono

Ooo0oooOooo o0 oo oooo0o oo oDoDoo o oo oDoooooOooooao

OoOoooooooooooooooY oooooooao
Ooooooooooooooooooooodg

[

Ooooocoooooooogod

O0Oo0oo0ooao
O0Oo0oo0ooao
O0Oo0oo0ooao
O0Oo0Oo0ooo
O0Oo0Oo0ooao
OO0Oo0Oooao
O O0Oo0Oo0ooao
O0Oo0Oooo
O0Oo0oooao
O0Oo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooo
OOoo0oooao
O0Ooo0oooao
OOoo0oooao
O0Ooo0oooao
OOoo0oooo
OOoo0oooao

O 0Oo0oo0oo0oao
O 0Oo0oo0oo0oao

O
O

O
O
O

O
O
O

Oooe oo go

O0Oo0oo0ooao

Ooo0Ooo0ooood
OoOooooood
Oo0OoQgod

a

o5 O ood
O oOonod
O oOood
OoOoo0Ogoogo

0O O

O ooao

(=
O o

[
[

I R | O
OoOooo0oogood O
OOo0o0oooogod
OOo0o0oooogod
OOo0o0oooogod

OOoooooogod
A DO oOoOO0Ooogo

OOooo0ogao
OOooo0ogao
OOooo0ogao
OOooo0ogao

O
O
O
O

OJ
OJ
OJ
O

|
|

a

O 0Oo0oooao
O 0Oo0oooao
O Oo0oooao

a

A I o A | o
O Ooogo

O
O

O

O Oooo

[

O 0Oo0oooao
O0Oo0oooo

O O0Oo0oooao
O Ooo0oooao
O Ooo0oooao
O Oooo @™ o

O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O

OoOoo0oooogod
Ooooooogod

O
O

O 0Oooo

I [ I
O O0ooo

O 0o o0oojio;o

a

O o og
O o0oogilio

OoooooooomoooOgodg

OooooocoooIonomoooooomoooooogoogoogoao

OooooooooooooIomomooo0ooooaoB
e R I e [ Ay |

OooooooooomooooooooDoooooooDooooooooooOofd

O 0Oo0oo0oaoi.o
O 0Oo0oo0oaoi;o
O 0Oo0oo0oaoi.o
OO o0Oo0oogoio
OO o0Oo0ooio

O
O

0
oad

O o0Ooo0ogilio

O
O

O 0O oo
O O oo
[ s I
[ o I

a

0
0

gooogano

a

0
O

O

O

O O oo
I [ o I
O Oooo

O

O

ooogao
goobogoan

ooooooo
000, 00

OoOoo0oooogod
OoOoo0oooogod
Oooooooogod

O oOoood

O Oooo
O Oooo

(14)

OOoo0oooao
OOoo0oooao
OOoo0oooao
OOoo0oooao

O Oooo

I I o

O Oooo

O
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo

OOoo0oooao

o0 Ooov9 O
Oooooogod
OoOoo0oooogod

JP 2007-167629

ogagd
aoano
oogad
goano
aoano

O Ooooo

O, 0..00
,oooov
Ooooooo
: 0

000
goobooao

0o oOgoogo
OOoo0oooao
Ooooo=2 god

O
Oo0oo0oooogod

Oo0o0ooood
O oOoood

O

yjoooo

O Oooo

O Oooo

O
O OO

O

)

O
OoOoo0oooao

OoOoo0oooao
OoOoo0oooao
OoOoo0oooao
OoOoo0oooo
OoOoo0oooao
Oo0Ooo0oooao
OoOoo0oooao
Oo0Ooo0oooaoo
OoOoo0oooao
OoOoo0oooaoo
OoOoo0oooaoo
OoOoo0oooaoo

O
O
O

O
a
O
g
a

O

o
g

[ |

ogogdd
ooano
oodd
ooano
aoano

ooano
ooad
ooano

Oo0ooood
Oooooog?o

Oo0oo0ooood
Oo0oo0oood

O
O

gooad

A 2007.7.5

ooogad
oooad
oooad
oooao
ogooad

O Ooo0ooo

0000
5 OOR
00, 00O
ooo 00O
O¢ 000

OOoo0oooao
OoOo0o0oood
OoOo0o0oood
Oo0o0o0oood
OooOoOo0oood

O Ooo0ooo
O Ooo0ooo

00000
o, 0oo
0Do0o00oaQ

gooaoaad
ooooao
gooogad
gooaao

10

20

30

40



(15) JP 2007-167629 A 2007.7.5

k
E,(PY)=) ¢,
i=1

[

[

[

[

L

O0oo

E i

o E(PY=(-t)-s(8)+ e,

[ =]

L

goooDooooboooooooao

[

[ [ ! r

[ ¢_tf tf"=_l_J_;

[ J

[ tj_tj-l lJ'

L
JdodoooDoo0ooo0oooo0obuofo0oopbooo0obo oo oo oo oo oDoooDooao
godooDooooDoboodooDooooD Db oD oo oo ooDoOoogogao
gooouooooooobbobobbododo0ddouod g gpgpooobbbbbbbbbbbboooad
Jdodoo0ooDoo0ooo0dooo0buog0oo0opoDo0bUo oo oo oo oo pobDoogoDooao
Ubiddedobobboobuonbobo

godoogad

Ooodoad

o, - [csclmax(s,%))-1] ¢<1
o, -[csc\max(g,55))—1] ¢ <1

- s(9)=

ooooooooooooooooooan

. ]—

10

20

30

40

50



o T T T o oool T T T ogoo BT T Togooold T T T T oooool T T ooooooao

(16) JP 2007-167629 A 2007.7.5

booooouogoouooooobobobbbebODbODbODODOOOOOOOOOOO
ooo0oo0ooO

gooboobogobogobogogobogogobooboooooboobooobooboonon
uoboboobooboooboogoboooobobopbbooboboobobobooboaadnon

OO0Ooo0oo0oooao
OO0Ooo0oo0oooao
O0Ooo0oo0oooao
O0Ooo0oo0ooao
O0Ooo0oo0ooao

o

= 0,8, +Ay +A, )+t max(O,—15) + (-1, ) max(0,t; - by + 0, (a7, + 4}, +4})

10
I T 1 I I e e e e 0 A B e B B A R e e N e N e A N A N A N N N
goooboobd,b0bo0obbod,00bobbobpyp bbb o o o
Ooo0oooao
aad

O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo

5

A=

L

a (A, & A, (FEL )

1y

¢, (), —c, (W),

20
00000000000, 00000,000000000000000000000
0000000000 00000,000;,,000-00" 500" 50
00000000000, 00000 ,,000,0000,,,0000000
000000000000

%(W,- ®)= ¢i

O 0Oooo

ooad 30
goood
I I Ay B 6 I A R

(1-t,..) max(0,; - 2y

oooooouooooooooooooboooooDbDDboOOoOOoOOnn

ooooo
ooooooooooooooboboboobbooboooboboboooooooooooooaon 40
ooooooooooooooobooobobobDboODboooo0n

5, ()



L e e e e e s e Y e O e e o O e e e e e e e e e e e e O s I o

O

Oo0ooDoooo o0 oo oooo o0 oo oooogogoooo
Oo0oooooo o0 oo oooo o0 oo oDooogogoooo
I [ [ [ O O Y [ i [ >4

O 0o oo
O 0o oo
O 0o oo
O 0o oOoo
O 0o oo

ACAU))

an

ooy 0ooooooooooboooanb

o
ud

&, = e, ~4e,womJa = [les),

gd

ha

I o
O 0ooo
O 0O oo
O g€ oo

O 0Ooo0ooOoo
O 0Oo0ooOoo
O 0OoOooo
O 0OoOooo
O 0OoOooo
O 0OoOooo
O 0OooOooog
O 0OooOooo
O 0OooOooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooooo

Ooo0oo0O0ooOo.o
O o0ooOoo0ooOo.
OoOoo0Ogoogoo
OoOoo0oOgogo
Oo0Ooo0Ogogo
OoOoo00gogo

OJ

OoooooOoooo0 oo oooooo0ooooooogogoQgoo
I ) e e e o [ o

Ooooooooodg
Oooooooood
OO0 oooood

OO0 ooooogog?o
OO0 ooooogogdg
OO0 ooooogoogdg
OO0 ooooogoogdg
OO0 ooooogogdg
OO0 oooooggdg
OO0 ooooogogg
OO0 ooooogoogg
OO0 ooooogogdg

O
O
]

ol

ICl

goooao

O
O
O

|
|
O

O B

a

[
|

O

e O

O O g O
i
m]

O o
O O ogo
O
O g oo
O
O
O
O
O

O
O

O O
O O

O

T o

O Ooo0oooao
O Ooo0oooao
O Ooo0oooo
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O Oooooao
O Ooo0oooo

(]
(]
O
O
O
O

seed valuelO

R

OOoooooodg
O Oo0ooooogog?
OOo0ooooogog?b
Oo0oooooogogh
oo ooooogoogg
oo ooooogooQgdg

O
O

O
O
O
O
O

O

O
(>

O

O

JP 2007-167629 A 2007.7.5

gooao

RACUGR

O o
O O
O O
O O
O O

O
O

|
O O

O

- 0
O O

O
I Y o
I Ry |
I I

Ooooooodg

Oo0oooogogB
oo ooooooQgog
oo ooooooQgodg
oo ooooogooQgog
oo ooooogooQgog
oo ooooogooQgog
oo ooooooQgg
oo ooooooQgodg
oo ooooooQgg
oo ooooooQgodg
oo ooooooQodg
Ooooooooodg
Ooooooooodg

O
O
O
O
O

O
O
O
O
O

O
O
O
O
O

O Oooo
O Oooo
O Oooo
O Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo

O Ooo0oooao

O

O
O
O
O
O

O

O 0Ooo0oooao
OoOoo0o=—-00

O
O

O

O O
O O
O O
O
O
O

oooooad
ooooogoad

o, 000, 0O

oooooao
oooooao

Ooooooooodg
OoooooooOodg

10

20

30

40

50



T T Oooo
OoooQ
oo ooQ
oo ooQ

O

e e e e e [ R Iy

OoOoo0oooOodg

Oo0oO0oooogod
Oooooooooooooogogooooao

OOo0oooooooooDoooooooooogdg

Ooooooooooooooogogooao

O Ooo0ooOoo

OoOo0oooOogooogod

O oOoooooooDoooooogogogoo -

O O

ooooooogao
' g oboobd
ooooooooao
goooboobao
|

' ! ‘ca
I A I I B B
goooboobd
ooooooooao
gooobgoobao
gboodobooobad
U0 0o0ooooao
o
ooooooooao
g Uo0ooooonn
I, 00, O ..O0U0F
oo
gooobgoobao
gboodobooobad
ooooooogao
goooboobd
ooooooooao
goooogoor O
goo” o* 0obd
ooooooooao
gooobgoobao
go»“oog» *
ooooooogao
o
ooooooooao
goooboobao
goooboobd
ooooooooao
gooobgoobao
gboodobooobad
ooooooogao
goooboobd
ooooooooao
oooogobo

o
ooooooooao

O O
O O
O O
O O
O O
O O
O O
O O
O O

I ) [

O0Oo0oo0ooao
OO0Oo0oooo

(]
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O
O

O Ooogo

O0Oo0oooo

OOooOooooggQgw@™d
OoooooggogaoQg
Ooooooggogaog
OooooogogaoQg
OooooogogQgogoaog
OooooogogogoaoQg
OooooogogaoQg
OooooogoQgogoaoQg
OoooooQgogoao
OoooooQgogaoQg
OoooooQgogoao
OoooooQgogoaoQo
OoooooQgogoao

O
O
O
O
O
O
O
O
O
O
O
O
O
O

I ) I
O O ogo
O O oo
O O oo
O O oo
O O oo
O 0o oo
O 0o oo
O 0o oo
I ) [
I Y [
O 0o oo
I [ [
I [ [y
O Ooogoo
O Ooogoo
O Ooogoo

OJ
OJ
O
O
O
O
O
O
O
O
O
O

OO0 ooooggogooao

O 0Oooo

O

O0Ooo0oooao
OOoo0oooo
OOoo0oooao
OOoo0oooao
OoOoo0oooao
OoOoo0oooo
OoOoo0oooao
OoOoo0oooao
OoOoo0oooao
OoOoo0oooao
OoOoo0oooao
OoOoo0oooaoo
OoOoo0oooao
OoOoo0oooao
OoOoo0oooaoo
OoOoo0oooaoo
O oOoooo
O Ooooo
O oOoooo
O oOoo0ooo
O 0Ooo0ooao

O OooQgogooao

OO0 ooooogoogg

O Oooo

O0Ooo0oooao

OOooooooogogg

O Ooooo

(18)

O Oooo

OOooooooogogg
Oooooooogogg
OooooooogoQgg
OooooooogoQgg

O Ooooo

O Oooo

OoooooooogoQgg
OooooooogoQgg
OooooooogoQgg
OooooooogoQgog
OoooooooogoQgdg
OoooooooogoQgoog
OoooooooogoQgg
OoooooooogogoQgog
OoooooooogogoQgog
OoooooooogogoQgog

O Ooo0ooo

Oooooooodg
Ooooooood
Ooooooood
Ooooooood
Ooooooood
Ooooooood
Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
Oooooooodg
Ooooooodg
Ooooooood
Ooooooood

JP

2007-167629 A 2007.7.5

ooooooooao
ooooooooao
ooooooooao
oooooog 00

O
O
O
O

O
O
O
O

O O0ooo

O 0Oooo
O 0Oooo

OoooooooogoQgog
Ooooooooogoogog
OoOooooooogoQgodg
Oooooooooodg

00O, 00, O

g
g
u

O

(=

10

20

30

40

50



O 0Oooo
O 0Oooo
O 0ooo
O 0ooo
O 0ooo
O 0ooo
O 0O oo
O 0O oo

OJ
OJ
OJ
OJ
O
O
O
O
O
O
O

Oo0oooooooOodg

O 0Oooo
O 0Oooo

1100

O O0ooo

1B

O 0Oooo

1

O 0ooo

JuLe

O 0ooo

O o0ood

110N

O o0ood

O
|
|
O
|

O oOood

O 0ood

O o0ood

O o0Oood

O 0Oood

O Ooogo

O Oooo

O Oooo

O Oooo

O Oooo

(19)

O Oooo

O
O
O
O

O Oooo
O Oooo
O Oooo
O Oooo

gooao

O
O
O
O
O

O Oooo

O Oooo

O Oooo

O Oooo

204 A

gooao

JP

O Oooo

2007-167629 A

O
O
O
O
O
O
O

O Oooo
O Oooo
O Oooo
O Oooo
O Oooo
O
O

= M

M4

M

2007.7.5

oooad

ogooad

ogodad
Oood

A8

10



(20) JP 2007-167629 A 2007.7.5

O0o0o0oad 0Oooo
W "
P TTTTTw i N 25
' W W ! ™
[ ! I ANBHTY |
| ] M8 §7ntw~— AEY— | { =
1] we ! 0
: l [ mmoss -t |
|| A% : i )
! A0 2 ! | EBOTRC |
: I { 504
: > " 1 | EBOTAE |
l I | )
| I _
b J [ BHOH |
] 5%
[ mwwonsz |
} Ry
RS DA |
i )

SEEQTELMER J

508

e
STRRIEEND
s
NO B0
[ BROEOtstzaR |
%7
O00oa0no O00a0no
%0\\ i
- > i . 800
th  ti t2 t t4
810
™~ . . !
r— b - .
f . . 15 te
620 ® v ® R
™ ~ . -
e—9 . - t |
to 14 t ts b
ti-1 ti
_— bommm—- li-——--- 1
m\ O00a0no
ot tz ts t 0
N0
A . ) ) .
—1 lz t 13—t 14 |
]
]
1?.0\ i
o—li+—l——1l—t L— n :
0 ’Ir ’E
tiq ti

—lj+—— — . o



(21) JP 2007-167629 A 2007.7.5

oooogoag

ooooag




(22) JP 2007-167629 A 2007.7.5

ooooogooooo

(72)000 OO0OOOoOobOOOOoOoooonoOo
goboobboobooboboooboobobooboooboooobooobooobooboo
g

(2) 000 OODOOOoOooooo
gobooboboobooboboobbooobooobbooobooooboooboooboooboo
ugood

OD0D0O0O @ D) 4C093 CA23 DAO1 FF42

D000 OO 5B057 AAO9 CA08 CA13 CAl16 CBO6 CB13 CB16 CEO5 CFO5 CHO8

ooodg oo CH20 DAO7 DA16 DA17 DBO3 DB0O9 DCO7 DC16

U000 OO 5L09 AAO6 AA09 BAO6 EAO6 EA13 EA22 FA12 FA13 GA59



(23) JP 2007-167629 A 2007.7.5

oooooooao
O TITLE OF THE INVENTION] COLON CHARACTERISTIC PATH REGISTRATION
O FIELD OF THE INVENTION]

TECHNICAL FIELD
This document relates generally to volumetric imaging of biological or like
objects, and particularly, but not by way of limitation to systems and methods to

accurately register multiple paths through a three-dimensional virtual object.

a
OO DESCRIPTION OF THE PRIOR ART]
BACKGROUND

Early detection of polyps in a colon, which are typically considered precursors to
cancer, can greatly increase a patient’s chance of survival from colon cancer.
Regrettably, many patients are discouraged from obtaining conventional colonoscopies
because of the discomfort and invasiveness of the procedure. A “virtual colonoscopy™
avoids some of the invasiveness of a conventional colonoscopy and can increase the
likelihood of early detection of colon cancer.

In general, a “virtual endoscopy” is performed with a “flythrough” of a computer
generated three-dimensional image of an anatomical structure. These methods use
computed tomographic (CT) scans and computer imaging software. Three-dimensional
modeling has been used in a variety of clinical applications including virtual
colonoscopies, virtual bronchoscopies, and virtual angioscopies. In a typical flythrough,
a user can move a viewpoint through the reconstructed volumetric object, stopping at
certain points to further analyze a suspicious formation on the inner wall of the
anatomical model. Virtual colonoscopies have been shown to be effective at detecting
small polyps. However, when only one scan is used, extraneous material may be present
and cause interference.

Extraneous material such as stool and water can cause both false positives and
false negatives. Because the texture and color of a 3D colon model are not represented,
the presence of extraneous material makes identification of a polyp-shaped formation
more difficult. These types of extraneous materials can obscure a true polyp, causing a

false negative. Altematively, the extraneous material could be mistaken for a polyp, in

L e T e T e T e T e T e T e T e O s O e e T e O e O e T e T e R e T e O e T e T e TR s T e, TR e, TR e O e T e B e B s |

which case a practitioner may identify a pseudo-polyp and declare a false positive. Using

[
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two scans, for example a prone and supine scan, can avoid these problems. Because
extrancous materials often shift position between the prone and supine scans, a
practitioner can use both scans to detect and differentiate between a true polyp and a
pseudo-polyp. The practitioner may also be able to detect polyps that were previously
obscured by material in one scan.

During a flythrough, a practitioner may choose to change views from one scan to
the other to further analyze a portion of the interior of the virtual colon. After the view
change, for the sake of efficiency, it would be ideal to place the practitioner’s viewpoint
at the same position in the colon. However, typically, the difference in shape and size of
the colon between the prone and supine scans can be relatively large. This makes it
difficult to manually determine the corresponding position between the scans.

Generally, registration is a method of determining a set of corresponding points
between two or more scans. One method of registration is manual registration performed
by the practitioner. Typically, the practitioner views the scans together and attempts to
pick out characteristic anatomical landmarks to create a baseline correspondence. After
this initial orientation, when a practitioner finds a suspicious formation, he can then
orient himself in a corresponding scan using the baseline correspondence and page
through adjacent images until he is near the same location. This method is tedious,

inaccurate, and costly.

L T e T e T e T s T e O e O s O s O s Y e T e B s R e B e B e T e T e T e T e TR e O e T e B e B e |

u
O DISCLOSURE OF THE INVENSION]
O THE PROBLEM TO BE SOLVED BY THE INVENTION]

SUMMARY

Automated registration of prone and supine colon scans is desirable. One
approach would be to first determine similar features in the prone and supine data set. A
feature is a local maximum or minimum value in any of the coordinate axes. This
approach would use relatively stationary points along the medial axis path of the colon
for both data sets as reference points. It then matches these points by stretching and/or
shrinking of either the supine or prone path. In one example, this approach relies on the
fact that the hepatic and splenic flexures are relatively fixed in location. Therefore, the
data points that represent these flexures present features that can be used as reference
points in the registration. After correlating the reference points between the supine and

prone paths, a linear transformation is used to approximate the points on the paths.

L T e T e T e T e T s T e T e T e T e B e T e T e T e B e

O



(25) JP 2007-167629 A 2007.7.5

However, this approach may fail when there are insufficient distinguishable
features. Also, it usually requires a nearly full prone scan and a nearly full supine scan to
allow proper feature matching and the accuracy, although much better than the case
where there has been no registration, is still subject to errors that make navigation
inefficient.

Because the colon flexes and shifts when a patient changes position, accurate
registration is important when performing a virtual colonoscopy. Automated methods
that use feature mapping are a natural progression from the manual methods of
registration. However, dependence on features is unreliable when the features in an
organ can shift and change shape so dramatically.

Another approach uses geometrical or morphological information to register
multiple paths. In some approaches, geometric information, such as radius,
circumference, or surface curvature related to the shape of the scanned object are used as
factors when measuring the relative correspondence between paths. In one approach, a
function that uses an average radius about a centerline point is used with dynamic
programming to correlate paths. However, to determine the radius around a given point
in a path, in some examples, the process must consider volumetric data. In general,
processing volumetric data is highly computational. By not requiring the use of
volumetric data, the present method achieves higher computational efficiency.

This document describes, among other things, systems and methods for efficiently
calculating a registration of multiple characteristic paths of a virtual three-dimensional
object. In one example, a first and second path are received as input. Each path of
discrete points is transformed into a piecewise linear parameterization as a function of
path length. The paths are smoothed and normalized. The shorter path is partitioned into
a number of discrete subintervals. As an initial configuration, the shorter path is mapped
directly to a portion of the longer path. A cost function is defined, where the cost
function contains an error term and a spring term. The error term is a function of a
position difference and a slope difference in the x, y, and z planes between corresponding
subintervals. The spring term is a function of the ration of lengths between the
corresponding subintervals. The subintervals of the shorter path are mapped to

corresponding warped intervals along the longer path using a minimization function that
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minimizes the cost function resulting in a locally optimal registration. The shorter path is
incrementally positioned along the longer path and the minimization is attempted at each
position. When the shorter path cannot be shifted any farther, the globally optimal
registration is returned.

This summary is intended to provide an overview of certain subject matter of the
present patent application. It is not intended to provide an exclusive or exhaustive
explanation of the invention. The detailed description is included to provide further

information about the subject matter of the present patent application.

O
O DETAILED DESCRIPTION OF THE INVENTIONO
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DETAILED DESCRIPTION

In the following detailed description, reference is made to the accompanying
drawings which form a part hereof, and in which is shown by way of illustration specific
embodiments in which the invention may be practiced. These embodiments are
described in sufficient detail to enable those skilled in the art to practice the invention,
and it is to be understood that the embodiments may be combined, or that other
embodiments may be utilized and that structural, logical and electrical changes may be
made without departing from the scope of the present invention. The following detailed
description is, therefore, not to be taken in a limiting sense, and the scope of the present
invention is defined by the appended claims and their equivalents. In this document, the
terms “a” or “an” are used, as is common in patent documents, to include one or more
than one. In this document, the term “or” is used to refer to a nonexclusive or, unless
otherwise indicated. Furthermore, all publications, patents, and patent documents
referred to in this document are incorporated by reference herein in their entirety, as
though individually incorporated by reference. In the event of inconsistent usages
between this documents and those documents so incorporated by reference, the usage in
the incorporated reference(s) should be considered supplementary to that of this
document; for irreconcilable inconsistencies, the usage in this document controls.

Some portions of the following detailed description are presented in terms of
algorithms and symbolic representations of operations on data bits within a computer
memory. These algorithmic descriptions and representations are the ways used by those
skilled in the data processing arts to most effectively convey the substance of their work
to others skilled in the art. An algorithm includes a self-consistent sequence of steps
leading to a desired result. The steps are those requiring physical manipulations of
physical quantities. Usually, though not necessarily, these quantities take the form of
electrical or magnetic signals capable of being stored, transferred, combined, compared,
and otherwise manipulated. It has proven convenient at times, principally for reasons of
common usage, to refer to these signals as bits, values, elements, symbols, characters,
terms, numbers, or the like. It should be borne in mind, however, that all of these and
similar terms are to be associated with the appropriate physical quantities and are merely

convenient labels applied to these quantities. Unless specifically stated otherwise as
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apparent from the following discussions, terms such as “processing” or “computing” or
“calculating” or “determining” or “displaying” or the like, refer to the action and
processes of a computer system, or similar computing device, that manipulates and
transforms data represented as physical (e.g., electronic) quantities within the computer
system’s registers and memories into other data similarly represented as physical
quantities within the computer system memories or registers or other such information

storage, transmission or display devices.

Introduction

The present inventors have recognized that relying on features or morphological
data to register multiple paths will often be inefficient, error-prone, and restrictive.
Among other things, this document describes an accurate way to determine a registration
of multiple paths without requiring identification of features or reliance on morphological
data. Examples of a path include, without limitation, centerline paths or characteristic
paths. A characteristic path may not provide complete centricity of the object and,
therefore, does not necessarily constitute a centerline. Nevertheless, a characteristic path
will typically be sufficiently representative of the object to permit registering a prone
scan of the object to a supine scan of the object.

FIG. 1 illustrates an example of a system that may use this characteristic path
data. In this example, a patient 100 is scanned by a typical medical imaging scanner 102.
Examples of a medical imaging scanner 102 include, without limitation, a CT scanner
and a magnetic resonance imaging (MRI) scanner. The scanner 102 is typically
connected to a storage system 106, such as by a data pathway 104. The data pathway 104
is typically a local area network (LAN) and the storage system 106 is typically an image
server. In this example, the storage system 106 is connected to one or more image
processing stations 110A, 110B, 110C, ..., 110N, by a second data pathway 108, which
is typically a LAN.

FIG. 2 illustrates a typical image processing station 110. In this example, the
image processing station 110 includes one or more input devices 410, such as a mouse
200 and a keyboard 202, one or more output devices 412, such as a display 204 and a

printer 206, and a control unit 208, which may include a processor, a local memory, and



[

(29) JP 2007-167629 A 2007.7.5

additional hardware to control communication between internal and external devices.
The image processing station computes a segmentation using the images stored at the
storage system 106. The segmentation separates the data representing an object of
interest (e.g., a colon) from other nearby objects represented in the data, such as by using
image intensity or other information to make such distinctions. A user can use an image
processing station 110 to perform a method that includes generating a characteristic path
using the segmentation. Multiple characteristic paths can be generated, such as a
characteristic path of a colon for a prone patient, and a characteristic path of a colon for a
supine patient. Automatic registration between multiple characteristic paths is described
below.

FIG. 3 illustrates a monitor 204 displaying two virtual 3D objects concurrently.
In this example, each 3D virtual object is a representation of a different scan, such as a
supine scan and a prone scan. For example, in a virtual colonoscopy, it is often desirable
to take prone and supine scans of the colon, since residual stool content may shift
between prone and supine scans making one or the other of the scans more desirable to
the diagnostician. However, registering the prone and supine scans is helpful in order to
translate between the same location in the prone scan to the same location in the supine
scan. The diagnostician may desire to switch between prone and supine scans, such as
during virtual flythrough of a colon. Altematively, during a virtual colon flythrough, as
the user maneuvers the point of view through the object’s virtual interior in one view 300
(e.g., prone), the other view 302 (e.g., supine) can concurrently track using the provided

registration.

Examples
FIG. 4 illustrates portions of a system 110 that is capable of efficient registration

of multiple paths independent of features. In this example, a processor 400 is connected
to interact with a memory 402. A wide array of possible processor and memory
combinations are available. Processors 400 may include commercial units (e.g. Pentium,
Motorola 68000 series, PowerPC) or specialized units made for use in specific

applications. The memory 402 can include any memory, such as solid-state, magnetic, or
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optical media.

A user-interface 408 is typically connected to the processor-memory combination
406. This user-interface 408 typically includes an input device 410 and an output device
412. The input device 410 can be one or more of a keyboard, a mouse, a touchpad, a
microphone, a sensing device, a monitoring device, or any other type of device that
allows a computer to receive commands and input data from a user. The output device
412 can include such things as a monitor, a printer, a speaker, or any other type of device
that allows a system to represent resultant data to the user.

In one example, a user can input a command with an input device 410 that
includes two characteristic paths, typically indicative of a prone scan and a supine scan,
respectively. The paths are then used by the processor-memory combination 406 to
determine a mapping (i.e., registration) between like points on the multiple paths.

First, the paths are parameterized, smoothed, and partitioned by the Path
Preparation module 414. Then, the input parameters for the error minimization function
are configured in the Prep Input module 416. Finally, the Registration module 418
determines an optimal solution by minimizing a cost (€.g., energy) function. Then, in one

example, the results are displayed on the output device 412 for the user.

Receiving Input
FIG. § is a flowchart illustrating an example of a method 500 for registering two

characteristic paths. At 501, the first step is to read the input. In this example, the input
will include two characteristic paths, representing a prone and supine path. Each path is
described by a sequence of points in 3D space defining a piece-wise linear space curve.
A characteristic path can be represented by a sequence of line segments, such that

C=(C,C,,.,C,),where C, is an (x, y, z) coordinate triplet. Here, the multiple paths
C,) and C, =(C,,,Cy,...,C,,) (c.g., prone and

al 2+

can be represented as C, = (C,,,C
supine characteristic paths) with ||Ca " < "Cb " (where ||C || is the length of C), since one

path can be shorter or longer than the other due to stretching or shrinking of a colon as

the patient changes from prone to supine position or vice-versa.
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In this example, the system 110 is initialized to recognize the paths as
representing colon scans, and the only input is the paths. However, in other examples,
additional or other parameters may be available to control the operation of the method.
In this example, it is assumed that the paths are not smoothed and are generally aligned
with each other (e.g., both paths represent the rectum and cecum in the same orientation).
If the paths are not generally aligned, then a pre-processing routine can be used to orient

the paths to each other. Also in this example, it is assumed that C, € C, (the domain of
C, is approximately a subset of the domain of C,). In other examples, significant
portions of C, may not map onto C,, in which case, techniques that truncate either the
head or tail of C, in an attempt to get a best fit at either the head or the tail of C, may be

used.

Parameterization of the Paths

At 502, the sequence of characteristic path points are parameterized. In this
example, each characteristic path is defined by a set of points in 3D space.
Parameterization is the process to convert this discrete representation to a representative
mathematical function. In this example, given a sequence of signal samples

C =(C,,C,,...,C,), the function c(t) (the piecewise linear parameterization of C as a

function of characteristic path length) can be defined as the points
c(0)=C,

e(|C, -C,h =C,
o(lc, -Col+[c. -cp = ¢,

e(ch =€, where || = 2.|C, ~C.i
=1

and linearly interpolating at all values in between. Applying this to the input sequences

C, and C, results in the parameterized signals c,(f) and ¢, (7).

Smoothing the Paths
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At 503, the noise is filtered out and the parameterized signal is smoothed.
Generally, smoothed paths are preferred in this example to produce more meaningful
slope values, which are used as a factor when determining correspondence during the
registration. In certain examples, the signal is smoothed using a Gaussian model defined

by the parameter o . Let 6§ = min(o, min(C)), where min(C)denotes the minimum non-
zero line segment in C (the input signal points). A one-dimensional discrete Gaussian

kemel G is computed, whose standard deviation is given by & = % and whose radius =
|-3E -|, as well as a new sequence of signal points

C; =(c(0),¢(5),c(26),c(36 ),...,c(||C ||)) . By convolution, a smoothed sequence of signal
samples C= G; *C, is generated, and thus a smoothed parameterization ¢ ().

Applying the smoothing function results in the smoothed signals ¢, (t) and ¢, (?) .

Normalization of the Paths
At 504, the paths are normalized. In this example, the shorter of the two paths,

C,, is scaled to a unit measure and defined over the interval [0,1] such that

¢, (-G,

c.(n=

. The longer path, C, , is scaled and defined over the interval [0 I—C—JI-]

>l

a

A A

c
such that ¢, (1) = . Then, because it is possible for the signals to be slightly

offset in position at their start and/or end, the domain of ¢, is extended to be the entire
real line by defining &,(1) = &,(0) for £ <0 and 7, () =&, for > 2. At this point
in the process, c,(f) and c,(t) are smoothed, normalized representations of the paths C,
and C,. In this example, to simplify the notation, c,(f) will hereafter represent the
smoothed, normalized signal ¢, (¢) and c¢,(r) will hereafter represent the smoothed

signal ¢, (¢).

Partitioning the Paths
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At 505, the shorter path is partitioned into a number of samples, which will be
individually compared to portions of the longer path in an attempt to find a

correspondence. Here, the interval that defines ¢, is partitioned into subintervals and can

be defined as a sequence of strictly increasing endpoints, the partition

P=(t, =0,1,,....,1,,,t, =1). In this example, an arbitrary number of fifteen discrete
subintervals of equal size is used. Other examples may use more or fewer subintervals to
provide for a registration. Still other examples may use individual x, y, and z relative
maxima and minima along the paths to define the partition. In yet another example,
points of maximum and/or minimum curvature along the centerline are used to choose
the endpoints of the initial partition. One advantage of using equally sized subintervals is
that registration can be performed independent of specific path behaviors or features.

The registration will define a correspondence between the fixed partition
P=(,=0,1,...,t,,,t, =1) and the warped partition P’ = (7,,¢,,...,t;) C R, which is a
sub-partition of the domain of ¢, . This correspondence induces a warping of ¢, defined
by ¢, (w(?)), where w(z) is a warping function, defined by w(t) =t +¢,(t —t,,), with i
chosen such that ¢, , <t <t,. In this example, ¢ is the ratio of the length of the warped
sub-interval to the original sub-interval.

When determining the correspondence from P to P’, to properly reflect the way

portions of a colon may stretch or shrink independently from each other, any change to a

value of ¢; should not affect the length of any segment that occurs later in the sequence.

FIG. 6 is an illustration of an initial set of endpoints that define a portion of a path 600, a

second set of endpoints 610, where the value 7, has been reduced from its initial value,
and a third set of endpoints 620, where the value 7, has been increased from its initial
value. In 610, by decreasing 7,, the interval [t, , 12] has been properly reduced, however,
the interval [tz,t3] has been improperly increased as a result. Similarly, in 620, by
increasing?,, the interval [t,,¢,] has been properly increased, however, the interval [r,, 1, ]

has been improperly decreased. One solution, as used in this example, is to represent the

paths by a starting point and a set of length values instead of endpoint values. Thus, let
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I; =t , (the starting point of the sub-partition P'), and then /] =t/ -t/ , i€ {1,2,...k}.
FIG. 7 is an illustration of a set of endpoints that define a portion of a path 700, the same
portion of the path composed of a corresponding initial set of length values 710, an

adjusted path 720, where the value /; has been reduced from its initial value, and another
adjusted path 730, where the value of /; has been increased from its initial value. By
representing the paths in this manner, increasing or decreasing a length value /; will not
affect any subsequent length value. However, any change in /] will alter the overall

length of the path. Using this representation should accurately reflect the behavior of the

colon when portions stretch or shrink.

Configure “Energy” Function Varigbles

At 506, the initial solution for the error minimization function is configured.
First, in this example, the assumption is that no stretching or shrinking of the colon has
occurred, thus, initially the warped path is mapped directly to the short path such that

Il =1,...,1; =1, . Also, because there is an assumption that there is no shift in the

location of the rectum, /, =¢, =1, =0.

Find Optimal Correspondence

At 507, an optimal correspondence between the fixed partition P and the warped
partition P’ is found. In this example, the correspondence is measured using an energy
function, E, which represents the cost associated with any error in a proposed
correspondence between two subintervals. In certain examples, the energy function has
two parts: an error term, e, and a spring term, s, and is computed over all subintervals
across the two paths.

The energy function is calculated at each interval along P’such that
E(P")=(E,(P"),E,(P"),...,E . (P"),where E,(P")= ie,. and

i1
k v -t_, I , .

E,(P)=(Q1-1t,)-s(4,)+ ;ei for j21. Here, ¢, = t—j—_—t—j—_—l— = i, representing the ratio

of the length of the warped sub-interval to that of the original sub-interval. The energy
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function of the 0" location does not include the spring term, s(¢j) . The spring term

characterizes a penalty for any stretching or shrinking of the path and generally helps

ensure that the path is well-formed. In the energy function, the term (1-¢,,) scales the

spring term to the same magnitude as the sum of the error terms.

The spring term is defined as a function of ¢, the ratio of the length of the warped

sub-interval to the original sub-interval.

(@) = {w3 -[csc§max(£,%’);— 1] ¢<1

@, -[csc\max(s,%5))- 1] ¢<1

Notice that the function is both continuous and differentiable at all ¢ > 22 . Also,
the function is reciprocally symmetric such that s(¢) = s(3). In other words, the spring
energy resulting from shrinking an interval by a factor of -}- is equivalent to the spring

energy resulting from stretching an interval by a factor of ¢ .

The error term, e, is composed of two primary components: the difference in x, y,
and z positions and the difference in the x, y, and z slopes of each corresponding

subinterval. The error term, ¢;, is thus defined as:

e, =0,(8, + A, + A, )+, max(0—15) + (-1, ) max(0,1; — &by + 0, (4}, + A, + 4,

The first term in the error represents the position difference between the values of

the two path components. It is computed by integrating the difference between ¢, (f) and
¢, (w(t)) (c,after the warping) within each subinterval of the partitions with respect to
each component:

b-]

@

¢, (t), —c,(w(r)),

d (A, and A, are similar)
tl—!
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The warping function, w(¢), defines a piecewise linear transformation between
c,(t) and c,(¢). As discussed above, the uniform warping between the corresponding

intervals w, :[t,,,t,] > [t/,,t]] can be defined by w,(t) =t +¢,(t —¢,,). Its derivative

i-12%§
is simply < (w,(t)) = ¢,.

The second and third terms, max(0,~¢;)and (1-1t,_,)max(0,, — l'é—"“) , are penalty

terms for attempted matches that “run off” either end.
The last term measures the differences between the shapes of the two path
components by comparing their derivatives after the warp. It is computed by integrating

the difference between <4 (c,(r)) and 4(c,(w(f))) (derivative of ¢, after the warping)

within each subinterval of the paths with respect to each component:

a

A, = f [4(c, (), —&(c, (W), |a = [

= 4

¢, (), =9, (w@)),

(A}, and A}, are similar)

The terms in the energy function are weighted using the variablesw,, @, , and @,.
In this example, these variables are assignedw, =1.0 , @, =0.1, and @, =0.0004. In

other examples, different weights may be necessary to obtain the best results.

In this example, all three coordinates are used when analyzing the differences in
position and slope. Other examples may only examine one or two coordinates in the
error function. Also, in this example, each coordinate is weighted equally in the error
term. Other examples may weigh coordinates differently based on some preference.
Also, this example assumes that a subinterval does not stretch or shrink unevenly.

Once the energy function is defined and the initial values are configured, a
minimization function is used to determine the local minimum. In this example, the
Levenberg-Marquardt technique is used to search for the minimum energy cost in the
energy function E, starting at the point 7, and using the length values (/] =/,,....,J; =1,).

In other examples, other minimization methods could be used, such as the Gauss-Newton
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method. The result of applying Levenberg-Marquardt is a locally optimal sequence of
lengths and an associated set of error values.

FIG. 8 illustrates an initial alignment of a subinterval of a fixed path 800 and a
' .»1'] with length //. The Levenberg-Marquardt

warped path 802 over the interval [t/
technique attempts various solutions that shrink the warped path 900, as illustrated in
FIG. 9, and stretch the warped path 1000, as illustrated in FIG. 10, in an effort to find an
optimal solution. Referring to FIG. 9, the shrunken warped path 900 is dramatically
misaligned with the fixed path 800. In this example, this is not an optimal solution.
Referring to FIG. 10, the stretched warped path 1000 is similarly misaligned with the
fixed path 800 and does not provide an optimal solution. FIG. 11 illustrates a possible
optimal solution, where the warped path 1100 is appropriately aligned with the fixed path
800. In this example, the Levenberg-Marquardt technique attempts to optimize every
subinterval concurrently as generally illustrated in FIGS. 8-11.

At 508, the current set of optimal error values is compared to any previously
stored set of error values. If it is determined that the current set is more optimal, then it is

stored and any previous results are discarded.

When c¢, is a subset of ¢, , then by calculating the correspondence using various
seed values for 7, ranging from 0 to iﬁ—"} —1, the best overall solution is the most likely
match. At 509, if possible, the minimization function is run again with a shifted start
value #;. The shifting can be done using the length of the shorter path as a factor, using

the length of the longer path as a factor, using an arbitrary value or percentage, or by
other methods. In this example, ¢, is shifted along ¢, a distance of % the length of ¢,

c
by setting 7, =1, + |T“ . If ¢, cannot be shifted without extending past the end of c,,

then the set of values corresponding to the lowest error is returned as the best registration.
Otherwise, the correspondence measurement 507 is performed again with the new start

value 7. If the newly computed error values are better than those stored, then they will

replace the stored values. To find the best solution, shifting and recalculation is

performed as long as ¢, can be shifted along c, .
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At 510, the optimal match is returned from the method. In this example, a start

point ¢, and a sequence of length values (//,/;,...,/,) are returned representing the best
match, or registration, between ¢, and c, .

It is to be understood that the above description is intended to be illustrative, and
not restrictive. For example, the above-described embodiments (and/or aspects thereof)
may be used in combination with each other. Many other embodiments will be apparent
to those of skill in the art upon reviewing the above description. The scope of the
invention should, therefore, be determined with reference to the appended claims, along
with the full scope of equivalents to which such claims are entitled. In the appended
claims, the terms “including” and “in which” are used as the plain-English equivalents of
the respective terms “comprising” and “wherein.” Also, in the following claims, the
terms “including” and “comprising” are open-ended, that is, a system, device, article, or
process that includes elements in addition to those listed after such a term in a claim are
still deemed to fall within the scope of that claim. Moreover, in the following claims, the
terms “first,” “second,” and “third,” etc. are used merely as labels, and are not intended to
impose numerical requirements on their objects.

The Abstract of the Disclosure is provided to comply with 37 C.F.R. §1.72(b),
requiring an abstract that will allow the reader to quickly ascertain the nature of the
technical disclosure. It is submitted with the understanding that it will not be used to
interpret or limit the scope or meaning of the claims. In addition, in the foregoing
Detailed Description, various features may be grouped together to streamline the
disclosure. This method of disclosure is not to be interpreted as reflecting an intention
that the claimed embodiments require more features than are expressly recited in each
claim. Rather, as the following claims reflect, inventive subject matter may lie in less
than all features of a single disclosed embodiment. Thus the following claims are hereby
incorporated into the Detailed Description, with each claim standing on its own as a

separate embodiment.

a
O BRIEF DESCRIPTION OF THE DRAWINGSO
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BRIEF DESCRIPTION OF THE DRAWINGS
In the drawings, which are not necessarily drawn to scale, like numerals describe
substantially similar components throughout the several views. Like numerals having
different letter suffixes represent different instances of substantially similar components.
The drawings illustrate generally, by way of example, but not by way of limitation,

various embodiments discussed in the present document.

FIG. 1 is a schematic view of a medical scanner, an image storage device, and one or
more image processing stations.

FIG. 2 is a schematic view of an exemplary image processing station.

FIG. 3 is a detailed view of a display screen.

FIG. 4 is a schematic view of a system used to register multiple characteristic paths.
FIG. 5 is a flowchart illustrating generally the process of determining the registration
between two characteristic paths.

FIG. 6 is a schematic view of several exemplary paths represented by endpoints.
FIG. 7 is a schematic view of several exemplary paths represented by endpoints and
lengths.

FIG. 8 is a graph of a fixed path and a warped path in an initial position.

FIG. 9 is a graph of a fixed path and a reduced warped path in a sub-optimal position.
FIG. 10 is a graph of a fixed path and a stretched warped path in a sub-optimal position.
FIG. 11 is a graph of a fixed path and a reduced warped path in an optimal position.
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What is claimed is:

1. A computer-assisted method of registering multiple paths, the method comprising:

receiving a first and a second path;

parameterizing the first and second paths; and

measuring a correspondence between the first and second paths by minimizing an
energy function, wherein the energy function includes an error term and a spring term,
wherein the error term is a function of one or more of a position difference, a first
derivative, and a second derivative of corresponding discrete subintervals in the first and
second paths, and wherein the spring term is a function of the lengths of corresponding

discrete subintervals in the first and second paths.

2. The method of claim 1, comprising smoothing the first and second paths.

3. The method of claim 2, wherein the smoothing comprises applying a Gaussian kermnel

along the first and second paths.

4. The method of claim 1, comprising returning data that represents a correspondence

between the first and second paths.

5. The method of claim 4, wherein the data includes a beginning point and a series of

adjusted length values.

6. The method of claim 5, wherein the data includes a set of error values that correspond

to corresponding length values.

7. The method of claim 1, wherein the parameterizing comprises:
defining each path as a function with respect to the length of the path;
normalizing the paths; and

partitioning the paths.
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8. The method of claim 7, wherein the normalizing the paths comprises:
determining a shorter path and a longer path;
normalizing the shorter path to a unit value; and

scaling the longer path with respect to the shorter path.

9. The method of claim 7, wherein the partitioning the paths comprises dividing the
shorter path into a set of discrete subintervals, wherein each subinterval has a length

value.

10. The method of claim 9, wherein dividing the shorter path, the shorter path is divided

into equally sized subintervals.

11. The method of claim 9, wherein dividing the shorter path, the path is divided based

on a relative maxima or minima value along the path.

12. The method of claim 9, wherein dividing the shorter path, the shorter path is divided

based on a maxima or minima curvature along the path.

13. The method of claim 1, wherein the measuring the correspondence comprises:
initializing one or more parameters to the energy function;
minimizing the energy function to calculate a local optimal correspondence;
determining if the local optimal correspondence is more optimal than a global
optimal correspondence; and
saving the local optimal correspondence if the local optimal correspondence is

more optimal than the global optimal correspondence.

14. The method of claim 13, wherein the initializing the one or more parameters
comprises:
defining a start point value, wherein the start point value is a point on the longer

path; and
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defining a set of one or more initial length values that map to a partitioned shorter

path.

15. The method of claim 13, wherein minimizing the energy function comprises using a

minimization function to search for a local minimum in the energy function.

16. The method of claim 15, wherein the minimization function is Levenberg-Marquardt.

17. The method of claim 13, comprising:

adjusting the one or more parameters to the energy function;

determining if the minimization can by applied again; and

if the minimization can be applied again, then applying the energy function to
calculate a new local optimal correspondence; and

storing the new local optimal correspondence if it is more optimal than the global

optimal correspondence.

18. The method of claim 13, wherein the adjusting the one or more parameters
comprises:

determining a current start point value, wherein the current start point value is a
point on the longer path;

determining a new start point value, wherein the new start point value is a
different point on the longer path than the current start point value; and

using the new start point value in the one or more parameters to the energy

function.

19. The method of claim 18, wherein determining a new start point value comprises

adding a portion of a length of the shorter path to the current start point value.

20. The method of claim 1, wherein the function of lengths is a ratio of the lengths.



O

(43) JP 2007-167629 A 2007.7.5

21. The method of claim 1, comprising using one or more weight values corresponding

with the error term or the spring term.

22. A computer-readable medium including instructions that, when performed by a
computer, register multiple paths by:

receiving a first and a second path;

parameterizing the first and second paths; and

measuring a correspondence between the first and second paths by minimizing an
energy function, wherein the energy function includes an error term and a spring term,
wherein the error term is a function of one or more of a position difference, a first
derivative, and a second derivative of corresponding discrete subintervals in the first and
second paths, and wherein the spring term is a function of the lengths of corresponding

discrete subintervals in the first and second paths.

23. The computer-readable medium of claim 22, comprising instructions for smoothing

the first and second paths by applying a Gaussian kemel along the paths.

24. The computer-readable medium of claim 22, comprising instructions for returning a
data that represents a correspondence, wherein the data includes a beginning point and a
series of adjusted length values, and wherein the data includes a set of error values that

correspond to each length value.

25. The computer-readable medium of claim 22, wherein the instructions for
parameterizing comprises instructions for:
defining each path as a function with respect to the length of the path;
normalizing the paths; and
partitioning the paths.

26. The computer-readable medium of claim 25, wherein the normalizing the paths
comprises instructions for:

determining a shorter path and a longer path;
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normalizing the shorter path to a unit value; and

scaling the longer path with respect to the shorter path.

27. The computer-readable medium of claim 26, wherein the partitioning the paths
comprises instructions for dividing the shorter path into a set of discrete subintervals,

wherein each subinterval has a length value.

28. The computer-readable medium of claim 22, wherein the measuring the
correspondence comprises instructions for:
initializing a set of one or more parameters to the energy function;
minimizing the energy function to calculate a local optimal correspondence;
determining if the local optimal correspondence is a global optimal
correspondence; and
saving the local optimal correspondence if it is more optimal than the global

optimal correspondence.

29. The computer-readable medium of claim 28, wherein the initializing the set of
parameters comprises:

defining a start point value, wherein the start point value is a point on the longer
path; and

defining a set of one or more initial length values that map to a partitioned shorter
path.

30. The computer-readable medium of claim 28, wherein minimizing the energy function
comprises using a minimization function to search for a local minimum in the energy

function.

31. The computer-readable medium of claim 28, comprising:
adjusting the set of parameters to the energy function;

determining if the minimization can by applied again; and
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if the minimization can be applied again, then applying the energy function to
calculate a new local optimal correspondence; and
storing the new local optimal correspondence if it is preferable to the global

optimal correspondence.

32. The computer-readable medium of claim 31, wherein the adjusting the set of
parameters comprises:

determining a current start point value, wherein the current start point value is a
point on the longer path;

determining a new start point value, wherein the new start point value is a
different point on the longer path than the current start point value; and

using the new start point value in the set of parameters to the energy function.

33. The computer-readable medium of claim 22, comprising instructions for using one or

more weight values corresponding with the error term or the spring term.

34. An apparatus for calculating an optimal correspondence between multiple
characteristic paths comprising:

a processor, operable to perform registration of multiple characteristic paths,
wherein the registration uses a minimization function to find a minimum cost of an
energy function, wherein the energy function includes an error term and a spring term,
wherein the error term is a function of one or more of a position difference, a first
derivative, and a second derivative of corresponding discrete subintervals in the first and
second paths, and wherein the spring term is a function of the lengths of corresponding
discrete subintervals in the first and second paths;

a memory, coupled to the processor, the memory operable for storing data; and

a user-interface that permits a user to store and retrieve information from the

memory using the processor.
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35. The apparatus of claim 34, wherein the processor computes one or more registrations
by utilizing the energy function with varying initial parameters and determines an optimal

registration from the one or more registrations.

36. The apparatus of claim 34, wherein the processor uses the memory to provide a

registration to the user-interface.

37. A computer-assisted method of registering multiple paths, the method comprising:
receiving a first and second path;
parameterizing the first and second paths; and
measuring a correspondence between the first and second paths by minimizing an
energy function, wherein the energy function is defined without reference to one or more

features that define a hepatic or a splenic flexure.

38. The method of claim 37, wherein the energy function includes an error term and a
spring term, wherein the error term is a function of one or more of a position difference, a
first derivative, and a second derivative of corresponding discrete subintervals in the first
and second paths, and wherein the spring term is a function of the lengths of

corresponding discrete subintervals in the first and second paths.

39. A computer-assisted method of registering multiple paths, the method comprising:

receiving a first and second path;

parameterizing the first and second paths; and

measuring a correspondence between the first and second paths by minimizing an
energy function, wherein the energy function is defined without reference to one or more
geometric terms describing a virtual volumetric object, wherein the geometric terms

include a radius, a circumference, or a surface curvature of the virtual volumetric object.
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ABSTRACT

This document discusses, among other things, systems and methods for efficiently
calculating a registration of multiple characteristic paths of a virtual three-dimensional
object. Each path of discrete points is transformed into a piecewise linear
parameterization as a function of path length. The paths are smoothed and normalized.
The shorter path is partitioned into a number of discrete subintervals. The subintervals
are mapped to the longer path using a minimization function that minimizes a cost
function resulting in a locally optimal registration. The shorter path is incrementally
positioned along the longer path and the minimization is attempted at each position.
When the shorter path cannot be shifted any farther, the globally optimal registration is

returned.
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