JP 2006-116296 A 2006.5.11

(19) B EEHEFT (UP) @2 MW F L ]A) (1) s53F B A P2 2
45502006-116296
(P2006-116296A)
43 AME  FRI8E5H11H (2008.5.11)
(51) Int.Cl. F1l FT—7a—F (%)
A61B 1700 m.m’) AG61B 1/00 300B 2H0O40
GO2B 2324 m.m’) GO2B 23/24 A 4C061
GO9B 9/00  (2006.07) GO9B  9/00 z
GO9B 1924 (2006.01) GO9B 19/24 Z
BEHR AHR BREO® 18 OL NEHEHE (&3 5
CHHEES $FEE2005-273151 (P2005-273151) | (71) HBEA 591179374
@2y HEE EREITEIR21H (2005. 9. 21) F—Ay F (AF4HV TrF AKX
@Bl ETEEREE 0421097.7 ARVTN AZA4FTALN) N 3IFw
32)&EH SERL16EE9H 221 (2004, 9, 22) Iy
33) BT EEREE BEH (GB) AFNVAE THwFZA, BOALF

- *F¥ — ¥—, Apwrs u—ypf
(BEHRL) F—AvF noR
FHE A 100086380
FEL FH ®
(74 fKE A 100102078
#FEL HP EH
FHEA 100115369
#FEL flE =
FHEA 100117178
FELT HiE B
BREEIIRL

(54) [READER] AEAREINR> I21—%

Gnoooooooooooo
ugogooooooooboboooooooaooaoo
gogogoooboobobobobooodooaagogaoo
oobObOoooooboooooobooooooooo
oobOoOoooooOobooooocobooooooooo
O
gooooooooboobbbooooooooogooo
gooooooooboobobbobobooooooooooo
ogoooooooooboboboboooooooogooo
ugogooooooooboboooooooaooaoo
gogogoooboobobobobooodooaagogaoo
oobObOoooooboooooobooooooooo
gooooo

ooooogo




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

Oo0ooooooooooooood

O 0Ooo0oo0oo0oao
O 0Oo0oo0oo0oao
O 0Oo0oo0oo0oao
O 0Oo0Oooao

O
O
O
O

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

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
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
O
O
O
O
O
O
O
O
O
O

(2)

O
O
O
O
O
O
O

JP 2006-116296 A 2006.

O
O
O
O
O
O
O
O
O
O
O

O
O

.11

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

OOo0ooooooooooooood

OooOooooogodg

O 0Oo0oo0oo0oao
O 0Oo0oo0oo0oao
O 0Oo0ooOoo0oano
O 0Oo0oooao
O O0OoO0oooao
O 0Oo0oooao
O 0Oo0oooo
O O0Oo0oooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O Ooo0oooao
O Oooooao
O Oooooao
O Oooooo
O Ooo0oooo
O Ooo0oooo
O Ooo0oooo
O Ooo0oooo
O 0Ooo0oooao
O Ooo0oooao
O 0Ooo0oooao
O 0Ooo0oooao

OooOooooogodg

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

O 0o d
O 0o d
O 0ood
O 0Oood
O 0Oood
O 0ood

OooOoo0ooooOodg

OooOoo0ooooOodg

OoOoo0ooooOdoadg

OoOoo0ooooOdoadg

O
|
|

Ooooogoood

Ooooogoood

OoOoooogoood

OoOoooogoood

OoOo0oogogood

OoOo0oogogood

Oooooogoogdg

Oooooogoogdg

Oooooogogdg

Oooooogogdg

Oooooogogdg

Oooooogogdg

Ooooooggdg

Ooooooggdg

OoOoooooggdg

OoOoooooggdg

OoOooooogogdg

OoOooooogogdg

Oooooogogdg

Oooooogogdg

(3

Oooooogogdg

Oooooogogdg

Oooooogoogdg

Oooooogoogdg

OooooogogoQgdg

OooooogogoQgdg

Oooooogoogdg

Oooooogoogdg

OooooogooQgdg

OooooogooQgdg

Oooooogoogdg

Oooooogoogdg

Oooooogoogdg

Oooooogoogdg

OooooogooQgdg

OooooogooQgdg

JP 2006-116296 A 2006.

OooooooQgdg
OoooooogoQgdg
OoooooQgdg
OoooooQgdg
OoooooQgdg
OooooooQgdg
OoOoo0ooooao
OoOoo0ooooaoo
OoOoo0ooooaoo
OoOoo0oo0oooao
OOoo0oo0oooao
OoOoo0oo0oo0ooaoo
O0Ooo0oo0oo0ooao

I [y |
I [y |
I [ |
I [y |
I [ |
I [y |
I [y |

OooooooQgdg
OoooooogoQgdg
OoooooQgdg
OoooooQgdg
OoooooQgdg
OooooooQgdg
OooooooQgdg
OooooooQgdg
OoooooQgdg
OooooooQgdg
Oooo0oooQgodg

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

OooooooQgodg

O

O
O

.11

O0Ooo0oo0oo0ooao

10

20

30

40

50



e R e [ [ A [

Ooo0ooooooo o0 oo oooo0o o0 oo oD oo oo oo ooooQgooao
Ooo0ooooooo o0 oo oooo0o o0 oo oD oo oo oo oooogoQgooao
Ooo0ooooooo o0 oo oooo0o o0 oo oD oo oo oo ooooQgooao
Ooo0ooooooo o0 oo oooo0o o0 oo oDoo o oo ooooogogooao

OooooooooooooooooooooOodg

O 0ooo

Ooooooooooooooogdg
Ooooooooooooooogodg
Ooooooooooooooogdg
Ooooooooooooooogod
Oo0oooooooooooooogod

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

OoooooooQgodg

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

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

O0Ooo0Oo0oood
O0Ooo0Oo0oood
O0Ooo0Oo0oood
OO0OoO0ooodg
O0Oo0oood
OO0Oo0oooodg
O0Oo0ooood
O0OooO0oooogodg
O0Ooo0ooood
OO0Oo0ooood
O0Ooo0ooood
O0Ooo0ooood
O0Oo0ooood
O0Ooo0ooood
O0Ooo0ooood
O0Ooo0ooood
O0Ooo0ooood
OO0Ooo0oooodg

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

O O 0Ooo0oo0ooao

OoOooooood

O O0Ooo0ooo
O O0Ooo0ooo
O O o0gogo
O 0Ooo
O 0Oooo
OO oo
O Oooo
OO oo
O Oooo
O Oooo
O Oooo
O Oooo

O 0Oo0ooOoao
O 0Oo0ooOoo
O 0Oo0ooo
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
O
O
O
O

O 0ooo

O 0ooo

O
O
O

|

O oOood

O 0ood

O o0ood

O 0Ooogo

O Ooogo

O Ooogo

O Oooo

O Oooo

O Oooo

O Oooo

(4)

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 Oooo

O Oooo

O Oooo

O Oooo

O Oooo

O Oooo

O Oooo

O
O
O

O Oooo

JP 2006-116296 A 2006.

O Oooo

ooooad

O

O Oooo

O

O Oooo

O

O Oooo

O

O Oooo

O

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

O Oooo

O Oooo

O 0Oooo

ogodad

O

O O0ooo

O

O O0ooo

O

O 0Oooo

O 0Oooo

.11

O 0Oooo

10

20

30

40

50



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

Oo0ooooooogoooao
Oo0ooooooogoooao
Oo0ooooocoogoooao
Oo0oooooooogoOoooao

Ooooocoooooooogodg
Ooooocoooooooogd
Ooooocoooooooogod
Ooooocoooooooogod

O0Ooo0o0oood
O0Ooo0Oo0oood
O0Ooo0Oo0oood
OO0O0o0oooogod
OO0Oo0oo0ooogod
OO0Oo0oooogod
OO0oo0oo0ooogod
O0O0Oo0oooogod
O0O0Oo0oooogod
OO0Oo0oooogod
OO0Oo0oooogod
OO0oo0oooogod
OO0oOo0ooood
OOoOo0ooood
OO0oo0ooood
OOoo0ooood
OoOoo0ooood
OOoo0ooood
Oo0oo0ooood
OoOoo0ooood
OoOoo0ooood
OOoo0ooood
OoOoo0ooood
OoOoo0oood
Ooo0oood
OOoo0oood
OOoo0oood
Oo0oo0oood
Oo0oo0oood
OOoo0oood
OOoo0o0oood
Oo0oo0o0oood
OoO0oo0o0oood
O0Ooo0oood

OO0 o oooooo oo oDooooQgoooo
oo ooooooo oo ooooogoooo
OO0 ooooooo oo ooooogoooo
OO0 oooooooooooooogoooao

O
O
O
O
O
O
O

O0Oo0oo0ooao
O0Oo0oo0ooao
O0Oo0oo0ooao
O0Oo0Oo0ooo
O0Oo0Oo0ooao
OO0Oo0Oooao
O O0Oo0Oo0ooao
O0Oo0Oooo
O0Oo0oooao
O0Oo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooao
O0Ooo0oooo
OOoo0oooao
O0Ooo0oooao
OOoo0oooao
O0Ooo0oooao
OOoo0oooo
OOoo0oooao
O0Ooo0oooo
O0Ooo0oooo
I o A
O0Ooo0oooo

O
O
O
O

O
O
O
O

O0Oo0oo0ooao
O0Oo0oo0ooao

O 0Ooo0oo0oo0oao
O 0Oo0oo0oo0oao
O 0Oo0oo0oo0oao
O 0Oo0Oooao
O Oo0ooogoao
O OoO0ooogoao
O Oo0oooao

O
O
O
O
O
O
O

O
O
O
OJ
OJ
O
(]

OoOooooood
OoOooooood
OoOooooood
O0o0Dooooogd
O0o0Dooooogd

O O0Oo0ooOoo
OO o0goo
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
O Ooo0ooo
O Ooo0ooo
O 0Ooo0ooo
O Ooo0ooOoo

OoOoo0oo0odgdano

O 0Oo0Oooog

O O0OoQgogaog
O Ooogogog
I Y [ Y
O Ooogogoog
O Ooogoog
O Ooogoog
O Ooogoo
O Ooogoog
O Ooogoog
O Ooogoo
O 0Ooogoo
O 0Ooogooo
I [
O 0Ooogoo
O 0Ooogooo
O 0Ooogoo
O 0Ooogoo
O 0Ooo0goo
O 0Ooo0gooo
O 0Ooooo
O 0Ooogooo
O 0Ooo0gooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0gooo
O 0Ooo0ooo

O0Oo0oooog

O0Ooo0Oooaog

O OoO0oooao

O 0Ooo0oooao

OOoo0oooao

O0Ooo0oooao

(3

O0Ooo0oooao
O0Ooo0oooao

OOoo0oooao

OOoo0oooo

O0Ooo0oooo

OOoo0oooo

O0Ooo0oooo

O0Ooo0oooo

JP 2006-116296 A 2006.

O0Ooo0oooo

O0Ooo0oooo

OOoo0oooo

O Ooooo
O Ooooo
O Ooooo
O Ooooo
O Ooo0ooo
O Ooo0ooo
O Ooo0ooOoo
O Ooo0ooOoo
O Ooo0ooo
O Ooo0ooo

O0Ooo0oooo

O0Ooo0oooao

O0Ooo0oooao

O0Ooo0oooao

O0Ooo0oooao

O0Ooo0oooao

O0Ooo0oo0oo0oao

O0Ooo0oo0ooao

O0Ooo0oo0oo0oao

O0Ooo0oo0oo0oao

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 [

Oo0ooooocoogoooao
Oo0oooooooogoOoooao

OO0Ooo0oo0oo0ooao
OO0Ooo0oo0oo0ooao
OO0Ooo0oo0oo0ooao
O O0Oo0Oooooao
O 0O0o0Oooooao
O O0Oo0ooooao
O O0Oo0ooooao
O 0Oo0ooooao
OO0Oo0ooooao
O O0Oo0ooooao
O Ooo0ooooao
O Ooo0ooooao
OOoo0ooooao
O Ooooooao
OOoo0ooooao
OO0Ooo0ooooao
OOooooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
OOoooooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
OOoooooao
OOoo0ooooao
OoOoo0ooooao
OoOoo0ooooao
OOoo0oo0oooao
O0Ooo0oo0oooao
OOoo0oo0oo0ooao

oo oooOoooo0 oo oDooo o o000 oD oo oo o0 oo oDoo oo oOooooo
oo o0ooooooo0 oo ooooo0o o0 oo o oo o o0 oo ooo oo ooooo

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

O0Oo0oo0ooao
O0Oo0oo0ooao
O0Oo0oo0ooao
O0Oo0Oo0ooo
O0Oo0Oo0ooao
OO0Oo0Oooao
O O0Oo0Oo0ooao

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

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

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

O 0ooo

O 0ooo

O 0ooo

O oOood

O 0ood

O o0ood

OJ
OJ
O
O
O
O
O

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

(6)

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

O
O

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

JP 2006-116296 A 2006.

O 0Ooooo
O 0Ooogooo
O 0Ooo0gooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0ooo
O 0Ooo0gooo
O 0Ooo0ooo

O
O

O
O

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

Ooo0ooooooooooooooooooooogooao
Oo0ooooooooooooooooooooogooao

OoOoooOooood

O
O
O

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

OoOoo0ooooOod

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
O Oooo
O
O

OOoo0ooooOod

OoOoo0ooooOod

OOo0oooooooooooooao
OO0 Oo0oDooo4Qgooooao

[

Ooooogoood

O

I o Iy
Ooo0oo0ogno
Ooo0oo0ogano
I I I
Ooo0oo0ogaDo
I I Iy

|
|
|
|
|

Oooo0oogoood

O
|

O
O

Ooo0oo0ogao
Oo0oo0ogao
Oo0oo0oogano

O

Oooo0ogoood

Oooooogdg

Oooooogdg

O

OOooooogdg

OOooooogdg

€0

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

OOooooogdg
OOooooogdg
OoOoooooogdg
OOoooooogdg
Ooooooogdg
Ooooooogdg
Ooooooogdg

O
O

ooooao

goooooao

Ooooooogdg

O
O
O
O

O
O
O
O

Ooooooogdg

Ooooooogdg

Ooooooogdg

JP 2006-116296 A 2006.

OOoo0ooooao
OOoo0ooooao
OOoooooao
OOoo0ooooao
OOoo0ooooao
OOoo0ooooao
OOoooooao
OOoo0ooooao
OoOoo0ooooao
OoOoo0ooooao
OOoo0oo0oooao
O0Ooo0oo0oooao
OOoo0oo0oo0ooao

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

O
O

.11

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 [
e e R e [ A [

O 0ooo

O

Ooooooooo oo ooooo oo oDoooo o0 oo oooooDooDooooogoooooao

OoOooooood
OoOooooood
OoOooooood
O0o0Dooooogd
O0o0Dooooogd
O0oooooogd
OOoooooogd
OOoooooogd
OOoooooogd
OOoooooogd
OOoooooogd
OOoooooogd
OOoooooogd
OOoooooogd
OOoooooogd
Ooooooogd
Oooooooogd
Oooooooogd
Oooooooogd
Oooooooogd
Oooooooogd
Oooooooogd
Oooooooogdg
Oooooooogod
Oooooooogod
Oooooooogod
Oooooooogod
Oooooooogod
Oooooooogod
Oooooooogod
Oooooooogod
Ooooooood
Ooooooood
OoOooooood

Oooooooooooooogoogoao
Oooooooooooooogoao
Oo0oooooooooooooogoao
OO0 o0oooogog4doooDoooggogao
OO0 OoDoDoogog4oooDoooggogao
OO0 o0DoDoogg4oooDoooggogao
OO0 oDooogog4oooDoooggogao
OoDooDoogog4ogoooooggogao
OoDoooogg4oooooooggogao
OOoDoooogog4ogooooooggogao
OoDooDoogog4oooooooggogao
Ooooooo4o0ooooooggoao
Ooooooooooooooggoao

Ooooooood
Ooooooood
Ooooooood
OO0 ooooodg
OO0 oooood
OO0 ooooodg
OO0 ooooodg
OO0 oooood
OOo0oooood
Oooooood
OOooooood
Ooooooodg
OOoooooodg
Oooooood

O 0o oo
O 0o oo

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
O
O
O
O
O
O
O
O
O
O

|
|
O

[
[
|

(8)

Oo0ooooooooooooogd
OOo0oooooooooooogd
Oo0ooooooooooooogd
Oo0oooooooooooooogdg
Oo0ooooooooooooogdg
Oo0oooooooooooooogdg
Ooooooooooooooogd
Oo0oooooooooooooogdg
Ooooooooooooooogdg
Oo0oooooooooooooogdg
Oo0oooooooooooooogd
Oo0ooooooooooooogd
Oo0oooooooooooooogd
Oo0oooooooooooooogd
Oo0oooooooooooooogd
Oo0oooooooooooooogdg
Oo0oooooooooooooogdg
Oo0ooooooooooooogdg
Oo0oooooooooooooogod
Oo0oooooooooooooogd
Oooooooooooooooogod

OO0oo0ooood
OOoo0ooood
OoOoo0ooood
OOoo0ooood
Oo0oo0ooood
OoOoo0ooood
OoOoo0ooood
OOoo0ooood
OoOoo0ooood
OoOoo0oood
Ooo0oood
OOoo0oood
OOoo0oood
Oo0oo0oood
Oo0oo0oood
OOoo0oood
OOoo0o0oood
Oo0oo0o0oood
OoO0oo0o0oood
O0Ooo0oood

JP 2006-116296 A 2006.

O
O
O
O
O
O
O
O
O
O
O

O
O
O
O
O
O
O
O
O
O
O

O
O

.11

10

20

30

40

50



ey ey R R R I
Ooooooooo0 oo oooo o0 oo oDoooo0o0 oo oDooDoo0o oo oDo oo ooDoDoooo0oooooao
Ry e R e R [ I

OooooooQgoao
OoooooogooQgoao
OooooooQgoao

Ooo0oooooooo0 oo oooo o0 oo oD oD oo o0 oo oD oo oo o0 oooooog
oo oooooo o0 oo oooo o0 oo oD oD oo o0 oo oD oo o o oooooodg
OoooooOooo o0 oo oooo o0 oo oD oo oo0 oo o oooooooooog

Ooooooood
Ooooooood
Ooooooood

O 0Oo0oo0ooao
O 0Oo0oo0ooao
O 0Oo0oo0ooao
O O0OoO0oogoao
O O0Oo0gogoao
O O0Oo0gogoao
O O0Oo0gogooao
O Ooogooao
O O0Oogooao
O OooQgooao
O Ooogooao
O OooQgooao
O OooQgooo
O Ooogooao
O Ooogooo
O Ooogoooo
O 0Ooogoooao
O 0Oooooao
O 0Ooo0oooao
O 0Ooo0oooo
O 0Ooo0oooo
O 0Ooo0oooao
O 0Ooo0oooo
O 0Ooo0oooo
O 0Ooo0oooo
O 0Ooo0oooo
O 0Ooo0oooao
O 0Ooo0oooo
O 0Ooo0oooao

Ooo0ooOoo0goao
O o0oo0oo0goao
Oo0ooOoo0goao
Ooo0oo0ogao
Ooo0oo0ogao
Ooo0oo0ogao

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
O
O

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 0Ooo0ooOoo
O 0Ooo0ooOoo
O 0Oo0ooOoo
OO o0goo
OO oOgoo
O O0OoOooo
O OoOooo
O OooOooo
O OooOooo
O Ooooo
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
O
O
O

|
|
|

|
|
O

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 O

O Ooogo

O Ooogo

O Ooogo

O Ooogo

O Ooogo

O Ooogo

O Oooo

(9

O Oooo

O Oooo

O Oooo

O Oooo

O Oooo

O Oooo

O Oooo

O Oooo

JP 2006-116296 A 2006.

O 0Ooooo
O 0Ooooo
O 0Ooooo
O 0Ooo0ooo
O 0Ooo0ooo

O Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O 0Oooo
O O0ooo
O O0ooo
O O0ooo

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

O Oooo
O 0Oooo
O O0ooo
O O0ooo
O 0Oooo

O O0ooo

O 0Oooo

.11

O O0ooo

O 0Oooo

10

20

30

40



(10) JP 2006-116296 A 2006.5.11

ooogag gooad

FIG. 1

0oooad oooad
40 42 104\
[29 ST
s FFU savy
n"ovn__ |l pLD SUFR
58 " F—8Ah ¢ ;tv%
56 SUL 3
o 85 «— YUTN
5 (? ?L F—s N [ F-5A
. 1 B
22
55 55
' 46 106 108
\ sypL YUYTL A%
44 REIWH ACU vayy 28979 pU ke
Ak —» PLD SyFN YUTL A3Ln
18 TTEAR ‘_u’én sy PP T8
FIG 3 —-’l;;’; SyTL YUTN e avy
. 7 T F—sa TOHA e
,;EZIBL ;Liig_. i DR NN
102
SUTL
L W
2 YT
7 fiﬁ Uty FIG. 4
TAY L
;—Zm’n"“ YT )
I« F—5A
SUTN
T—4%8




ooogag

e JUUUHUUUUULUL
YUTFTLYOYY J—L—J—_—

avEa—%PLD

1
K LLTF—2AD 120
(Ev k&) .
avEa—g 5| 5 {f
PLD7 KLZ
SYTLTF—8H TA) Y

ACU PLD7FKLZ 5 I 6 I 1%

ACU PLD/ISLAL

FT—HEH (Evbe) f

124

oooag

YUFTLIOvYy m

BEKPLDASLL

?—GAﬂ(Ewhs)J %0

BEKPLD? KL 6 I 7 I
SUTALF—R1Z B

PU PLD7FLZR 5 I 5 ]

PU PLD/ISLL
T—8Hh (Evtke)

FIG. 6

11

JP 2006-116296 A 2006.5.11



(12) JP 2006-116296 A 2006.5.11

ooooogooooo

(74)000 100130650
ooooooooo
(74)000 100135389
0ooooooo
(72000 00000000000000
0000000000000000000000000000000000000000
(7000 00000000000000
0000000000000000000000000000000000000
0000 (ODO) 2H040 BA21 BA23 DALl DA21 DA22 DA43 DA54 DA57
0000 OO 4C061 FF12 FF45 GG11 HHOL HH31 JJ19



(13) JP 2006-116296 A 2006.5.11

oooooooao

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

-

ENDOSCOPY TRAINING SIMULATOR
CT@—Q}’\/W‘:OK\ C; < ‘aé J
The present invention relates to an endoscopy training

simulator and to an endoscope control body for use in such a

simulator.
i;gﬁbagybuﬂa At 3

n endoscope typically comprises a patient insertion
tube for insertion into a body lumen and a control body for
use by a clinician to control the insertion tube. The
control body may be used to control functions such as
insertion tube stiffness, supply of air, water and vacuum to
the insertion tube tip. Rotation and insertion depth of the
insertion tube into the body lumen are usually controlled
directly by grasping and manipulating the insertion tube.
Air, water and vacuum are generally supplied from a base
unit to the control body along an umbilical cable, or
umbilical. Visual information obtained at the insertion

tube tip is generally passed from the control body to the

-t

base unit along the same umbilical, either along a fibre
optic bundle or as an electrical video signal. |

To assist progress along a body lumen, it is usual for
the tip of an endoscope insertion tube to be directable
using one or more angulation controls provided on the
control body. These controls are coupled to cables which
extend along the insertion tube and are anchored near the
tip. Rotation of the controls produces corresponding
displacement of the cables and hence angulation of the tip.
Usually, four cables are used, to provide both an up/down
movement and a left/right movement of the tip. Resistance
to tip angulation is felt by the user through the controls.

A simulator that simulates an endoscopic procedure
without needing a human or animal subject is disclosed in

GB-A-2252656. A dummy insertion tube is insertable into a
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base unit fixture which includes a sensor mechanism to sense
longitudinal and rotational movement of the insertion tube.
Data describing the sensed movement is fed to a computer
which derives appropriate force feedback control data on the
basis of a computer model implemented in software. The
corresponding force feedback applied to the insertion tube
is synchronized with a computer generated visual
representation of the prbcedure as would be seen from the
tip of a real endoscope, so as to provide a realistic
simulation and a useful clinical training tool.

In such an endoscopy simulator there is no need for the
angulation controls to provide actual angulation of the tip
of the dummy insertion tube. Instead, the angulation cables
may be passed from the control body in a reverse direction,
along the umbilical to the base unit, as disclosed in WO
03/058583. This document teaches winding the ends of the
cables at the base unit around motors which generate a
variable force to simulate resistance to tip angulation.

Developments of this idea are disclosed in
PCT/GB03/003106 and GB 0329521.9, in which the angulation
cables are also rerouted along the umbilical.

As in real clinical endoscopy, a person using an
endoscopy simulator will often rotate the control body a
number of times in order to guide the tip of the insertion
tube along the body lumen. As a consequence, the umbilical
can become severely twisted. This twisting and other
deformations can affect the operation of the simulator
angulation cables, reducing the realism of the simulation.

This problem is aggravated by the many other services
which may need to pass along the simulator umbilical, such
as an air tube and electrical wires connected to sensors in

the control body. To make the simulator as realistic as
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possible, these services must be packed into a very small
cross section.

To facilitate untwisting of the patient insertion tube
and umbilical during a real procedure, the clinician may
sometimes disconnect the endoscope from the base unit. This
is difficult to achieve in a simulator because of the extra
connections, such as angulation cables, between the control
body and base unit.

At the control body itself it is important for the
various dummy controls, such as the angulation controls, and
controls which in a real endoscope would control fluid flow
along the insertion tube, to feel as realistic as possible.
The fluid controls may, in a real endoscope, control flow of
air and water and provide vacuum at the insertion tube tip.
Although conventional electrical micro switches can provide
reliable operation of the dummy fluid controls, the feel to
the user is llkely to be unreallstlc

(Pisclosare o= g Nvensiom )

The 1nventlon addresses theSe and other problems of the
related prior art.

Accordingly, the invention provides an endoscopy
training simulator comprising:

an endoscope control body attached or attachable to a
dummy insertion tube, the control body including a plurality
of control body electrical devices;

a base unit; and

an umbilical for carrying services between the control
body and the base unit, said services including a plurality
of data connections with said electrical devices,

characterised in that said data connections are

multiplexed, at least in the umbilical, over one or more

L T e I |
L T e T e T e O e O e O e T e O e T e B e T e T e T e T e T e TR e T e T e T e B e B T e T e T e TR e T e T e T e B e B e T T e T e T e T e B e B e N

shared transmission lines passing along the umbilical.

-
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By multiplexing the data connections over one or more
common or shared transmission lines, such as electrical
wires or optical fibres, the limited space within the
umbilical can be used more effectively. 1In particular, the
control body preferably includes angulation control means
which would, in a real endoscope, drive angulation cables
passing along a real insertion tube to control the direction
of the tube tip, but which in the simulator drive
corresponding angulation cables which instead pass along the
umbilical to an angulation control unit, providing force
feedback, in the base unit. To provide a realistic
simulation the umbilical needs to be realistically flexible,
and carefully adapted to allow free movement of the
angulation cables despite twisting and deformation. These
characteristics are improved by multiplexing the electrical
data connections to provide more space in the umbilical.

The multiplexing of the logical data connections also
simplifies, and reduces in size the high reliability
connector likely to be required between the umbilical and
the base unit. Preferably, the umbilical is fixedly or
permanently attached to the angulation control unit, but the
angulation control unit is removeably attached to, or
unpluggable from, the rest of the base unit. In this way,
the umbilical along with the angulation control unit can be
detached by a user from the rest of the base unit, for
example to untwist the umbilical, without needing
mechanically complex connections between the umbilical and
angulation control unit.

The invention also aids the provision of other services
along the umbilical, such as an air line to the control

body.
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The contrcol body preferably comprises a control body
multiplexer arranged to receive data from the electrical
devices in the control body and to transmit the data over
the one or more shared transmission lines. The electrical
devices may include sensors or switches associated with a
dummy air/water valve which in a real endoscope would
control the supply of air and water to the endoscope tip,
with a similar dummy suction valve, and sensors or switches
associated with other devices such as an instrument
insertion port and so on.

The data from the control body are preferably
forwarded, via the umbilical, to a processing unit having a
multiplex/demultiplex facility. Other elements of the
simulator, such as a force feedback unit to detect movement
of and provide feedback to the dummy insertion tube, also
preferably have multiplex/demultiplex facilities. These
facilities may be provided by a plurality of programmable
logic devices, and may be connected by one or more serial
data lines for transmission of the required data.

The invention also provides a control body for an
endoscopy training simulator, the control body being
connected to or for connection with a dummy insertion tube,
comprising:

a dummy fluid control for the simulation of controlling
a fluid flow along the dummy insertion tube; and

a proximity or non-contact electrical sensor arranged
to detect an action of the dummy fluid control. The non-
contact, or proximity type sensor is preferably a Hall
effect sensor arranged to detect relative movement of a
magnet, caused by action of the dummy fluid control. The
dummy fluid control may be a dummy suction control, a dummy

air/water control, or both may be provided. To improve the
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realism of the simulator, air may be provided to the
air/water control and‘expelled from a thumbhole provided
therein.
[ Briet Descriptionof Drawing e ]
‘igure 1 shows, schematically, an endoscopy simulator

embodying the invention;

Figure 2 illustrates in more detail the dummy endoscope
control body of figure 1;

Figure 3 shows, schematically, electrical devices
contained in the control body of figure 2;

Figure 4 illustrates connections to programmable logic
devices installed in the control body and other elements of
the simulator of figure 1;

Figure 5 shows an example of signalling from the
processing unit 30 to the angulation control unit 22 of
figure 1; and

pigure 6 shows an example of signalling from the
control body 14 to the processing unit 30 of figure 1.

[;E%@t‘%icdé‘ifv Cayy%iH?/Out the fmuaﬁ?kn«;j

- Embodiments of the invention will now be described, by

way of example only, with reference to the accompanying

drawings,
Referring to figure 1 there is shown, schematically, an

endoscopy simulator 10 embodying the invention. A dummy
patient insertion tube 12 extends from an endoscope control
body 14 which is in turn linked to a base unit 16 by a
services cable, referred to herein as an umbilical 18. The
umbilical, control body and insertion tube are intended to
have a look, feel and behaviour which mimics the attributes
of a corresponding real clinical endoscope as closely as
poésible. In particular, the insertion tube should have the
correct stiffness, weight and dimension characteristics, the

control body should look and feel much the same as a real
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endoscope control body, and the umbilical should be of an
appropriate length, thickness and flexibility.

The base unit incorporates a force feedback unit 20, an
angulation control unit 22 and a dummy instrument control
unit 24. The dummy instrument control unit 24 may be
incorporated in the force feedback unit 20. In use, the
insertion tube 12 is inserted into an aperture in the force
feedback unit 20 which comprises sensors to measure
rotational and longitudinal movement of the insertion tube
and actuators to provide appropriate force feedback on the
insertion tube.

Angulation controls 26 on the control body 14 act on
cables which run along the length of the umbilical 18 and
are coupled to sensors and force feedback motors in the
angulation control unit 22. The umbilical also carries
electrical signals from electrical devices in the control
body to the base unit 16 and an air line to carry air from
the base unit to the control bocdy.

The simulator preferably enables a user to unplug the
umbilical from the base unit, for example to untwist the
umbilical during a simulated procedure. This is achieved by
connecting the umbilical into the angulation control unit in
a permanent manner, but allowing the angulation control unit
to be unplugged by a user from the rest of the base unit.
The mechanical connections of the cables into the angulation
control unit are therefore unaffected by unplugging of the
umbilical from the base unit.

One or more dummy instruments 28 may be provided,
having elongated elements for insertion into the dummy
insertion tube 12 through a port 29 in the control body 14.
The dummy instrument 28, which may be used to simulate

procedures such as a biopsy or polypectomy is connected to
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the dummy instrument control unit by a cable which carries
data from one or more switches or other sensors, as
required, on the dummy instrument.

A network of electrical connections, illustrated in
figure 1 by broken lines, carries data between sensors and
actuators in the control body 14, the dummy instrument 28,
the base unit 16 and a processing unit (PU) 30. The PU may
be coupled to conventional peripherals such as a mouse 32,
keyboard 34 and removable storage media device 36, and is
preferably provided by a conventional computer system having
one or more microprocessors, suitable input/output ports and
volatile memory.

The PU executes software which implements an endoscopy
model to provide a realistic force feedback output in
response to the data obtained over the network from the
various sensors, and also to provide a simulated endoscopic
visual output on a visual display unit 38 provided by the
endoscopy model.

Figure 2 illustrates the dummy endoscope control body
14 of figure 1 in more detail. 1In addition to the
angulation controls 26 discussed above, the body also
provides a dummy suction control 40, a dummy air/water
contrcocl 42 and user buttons 46. Electrical aspects of the
control body 14 are further illustrated in figure 3. The
position of the dummy suction contrcl 40 is sensed by a
suction control sensor 50. The position of the dummy
air/water control 42 is sensed by an air/water control
sensor 52. The position of the user buttons 46 are sensed
by user button sensors 55. Finally, an insertion position
sensor 56 detects the degree of insertion, the movement or
another appropriate parameter of the insertion of the dummy

instrument 28 into the dummy instrument port 29.
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The various sensors may be appropriate types of
switches, potentiometers and so on. To provide a realistic
feel to the action of the dummy suction control and/or the
dummy air/water control, while maintaining a robust and
hardwearing design, proximity or other non-contact switches
are preferably used. In particular, Hall effect sensors may
be used, with corresponding magnets 58 being provided on
moving parts of the dummy controls 40, 42. 1In this way, the
same fluid controls as used in a real endoscope may be used
in the simulator, by incorporation of small magnets at
appropriate locations such as at the base of each fluid
valve plunger, and Hall Effect sensors positioned close to
the base, but externally of the fluid controls.

The sensors in the control body are electrically
coupled to a multiplex element 60. The data gathered from
the sensors is multiplexed by this element and transmitted
along common electrical conductors which pass along the
umbilical 18 tc the base unit 16, and from there to the
processing unit 30. In this way, the number of electrical
signal wires required in the umbilical 18 is reduced,
thereby allowing more freedom of movement of the angulation
control cables in the umbilical, especially when the
umbilical becomes twisted or otherwise distorted during use.
The size and complexity cf the high reliability connector
used to removeably connect the umbilical and angulation
control unit into the rest of the base unit can also be
reduced.

Multiplex/demultiplex elements are similarly provided
at the angulation control unit 22, the force feedback unit
20 and the processing unit 30 and the electrical signals
there between carried multiplexed over the network

connections. A multiplex element may also be provided, if
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required, at the dummy instrument control unit 24 and/or in
the dummy instrument 28 itself.

Some examples of data that may be required for
transmission between the PU 30 and other elements of the

simulator are set out below:
¢ Dummy instrument insertion position
¢ Dummy air/water control status
e Dummy suction control status
e Endoscope user button status
e Standby switch status
¢ Incremental angulation control position
e Absolute angulation control position
e Angulation control unit EEPROM data
e Angulation control unit over-temperature
e Angulation control unit ccnnection status
e Dummy instrument grip position
e Dummy instrument connection status
e Diathermy footswitch status
e TInsertion tube insertion position
e Insertion tube twist position
e Insertion/twist over-drive fault
e Force-feedback unit EEPROM data
e Force-feedback unit over-temperature
e Force-feedback unit connection status
e Angulation control force-feedback
e Insertion tube insertion resistance
e Over-drive fault reset
e Insertion tube torque force-feedback
e Dummy instrument grip resistance

e Air pump control
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¢ Height adjustment

e Hardware enable

In a preferred embodiment the multiplex and
multiplex/demultiplex elements are provided by programmable
logic devices (PLDs). As an example, an Altera Cyclone
field programmable gate array on a PCI card may be used by
the processing unit, and Altera MAX3000A complex PLD devices
may be used in the control body, force feedback unit and
angulation control unit. The devices may be programmed
using VHDL (Very High Speed Integrated Circuit Hardware
Description Language). As illustrated in figure 4, a
separate PLD is preferably used in each of four locations,
thus providing a control body PLD 102, a force feedback unit
PLD 104, an angulation control unit PLD 106 and a PU PLD
108. Each PLD has parallel data in and parallel data out
lines, for connection to the various sensors, actuators and
PU input/output ports, and two serial data line connections,
labelled 'A' and 'B' for transmission and reéeption of data
bits to and from other PLDs. The PU PLD is the master PLD.
The PU PLD generates a serial clock signal synchronized to
an external clock, and a serial reset signal based on an
external reset. The external reset input to the PU PLD 108
resets the counters located in that device so that they
commence counting at a known value. The serial reset signal
resets selected counters in all the PLDs, so as to
synchronize these counters.

Each line of the parallel data in bus to the PU PLD is
allocated a unique address value. The rising edge of the
serial clock signal causes address counter values in each
PLD to increment, so that each address is polled in turn.

When the address counter at a PLD matches the address



L T e T e T e T e T e B |
—m — ™~ ~= ™~ @ ~@ @ @ @ @ @ @ @ @ @ ™@ o™@ o™@ & & & & /s s /s /e e/ /e e /e /e e e e e e

C

(24) JP 2006-116296 A 2006.5.11

allocated to a data source connected to one of the connected
parallel data in lines, the data read from that line is
asserted on the serial data out line of the PLD. Likewise,
when the address counter at a PLD matches the address
allocated to one of the connected parallel data out lines,
the data read from the serial in line of the PLD is asserted
on the appropriate data out line.

For example, the PU PLD parallel in data intended for
transmission to the ACU PLD 106 could be addressed 1 to 20,
and that intended for the FFU PLD 104 as 22 to 30. The
number of addresses required will depend on the width of the
parallel data bus.

Figure 5 illustrates the transmission of PU PLD
parallel data in bit number 6 (labelled as 120) over serial
data line 'A'(122) to the ACU PLD 106 for assertion on data
bit number 6 (124) of the ACU PLD parallel data out line.
The PU PLD input data (120) transitions to "high" at the
start of the time interval illustrated. After the PU PLD
address counter (126) has incremented to a value of 6 the PU
PLD asserts the "high" value of the input data (120) onto
serial data line 'A' (122). Because the ACU PLD address
counter 128 has also incremented to a value of 6, the input
data value 126 is asserted as "high" on the correct ACU PLD
parallel data out line 124 towards the end of the
illustrated interval.

The serial data value is asserted in the middle of the
serial clock period to eliminate potential errors due to
delays between the serial clock and serial data inputs. The
parallel data out bit assumes the appropriate value on the
next rising edge of the serial clock.

As with the parallel data bits input to the PU PLD,
each parallel data bit input to the control body PLD 102,
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the ACU PLD 106 and the FFU PLD 104 is allocated a unique
address value. For example, the control body PLD parallel
data intended for transmission to the PU PLD 108 could use
addresses 1 to 10, while the data from the ACU PLD 106 could
use addresses 11 to 30 and the data from the FFU PLD 104
could use addresses 31 to 50.

Figure 6 illustrates transmission of control body PLD
parallel data in bit number 6 to the PU PLD 108.

The data in bit 130 transitions from "low" to "high" at
the start of the illustrated time interval. The serial
clock rising edge causes the address count values to be
incremented to a value of 6. The serial data value is read
by the PU PLD in the middle of the clock period to eliminate
potential timing errors, and a short time thereafter the PU
PLD parallel data out bit number 6 (132) assumes the correct
value.

The control body PLD, FFU PLD and ACU PLD serial
outputs may be set to high impedance to avoid bus
contention, when necessary.

Parity control bits may be sent from the ACU PLD, FFU
PLD and control body PLD to be compared with corresponding
parity bits generated at the PU PLD. If a mismatch is
detected then a serial reset is initiated.

A number of variations of the described embodiment will
now be outlined. Various combinations of the processing
unit, force feedback unit, dummy instrument unit and
angulation control unit may be used, and the various units
distributed in different ways. For example, the PU may be
located in the same base unit as the angulation control
unit, or elsewhere, as may the force feedback unit, and

dummy instrument control unit as required.
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A variety of known devices may be used to carry out the
discussed multiplex/demultiplex functions, including
programmable logic arrays, microprocessors and dedicated
communications elements of various types. The multiplexed
communications may be carried over one, two or more common
transmission lines with extra protocol lines not being
required for some possible arrangements, such as
arrangements using twisted pair cabling. Fibre optic links
could also be used.

A variety of different combinations of controls and
corresponding electrical devices may be provided on the

control body.
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CLAIMS

1. An endoscopy training simulator comprising:

an endoscope control body, the control body including a
plurality of control body electrical devices;

a base unit; and

an umbilical for carrying services between the control
body and the base unit, said services including a plurality
of data connections with said electrical devices,

characterised in that said data connections are

multiplexed over one or more shared transmission lines.

2. The simulator of claim 1 wherein the control body
comprises a control body multiplex element arranged to
receive data from the control body electrical devices and to
transmit said data multiplexed over the one or more shared

transmission lines.

3. The simulator of any preceding claim wherein said
control body includes a dummy suction valve, and said
control body electrical devices include a dummy suction

valve switch.

4. The simulator of any preceding claim wherein said
contrcl body includes a dummy air/water valve, and said
control body electrical devices include a dummy air/water

valve switch.

5. The simulator of any preceding claim wherein said
control body includes an instrument insertion port for

accepting a dummy instrument for disposal along the
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insertion tube, and said control body electrical devices

include an instrument insertion position sensor.

6. The simulator of any preceding claim further comprising
a processing unit, the processing unit including a
processing unit multiplex element arranged to receive the

multiplexed data from the control body and to demultiplex

the data for further use.

7. The simulator of any preceding claim wherein said

umbilical is removably attachable to said base unit.

8. The simulator of any preceding claim wherein the
control body includes angulation control means communicating
with the base unit by physical displacement of control wires

passing along the umbilical.

9. The simulator of claim 8 wherein the base unit
comprises an angulation control unit adapted to sense and
provide force feedback to the physical displacement of the
control wires, the angulation control unit comprising an
angulation control unit multiplex element for sending and
receiving data multiplexed over one or more shared

transmission lines.

10. The simulator of claim 9 wherein said umbilical is
fixedly attached to said angulation control unit, and said

angulation control unit is removeably comprised in said base

unit.
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11. The simulator of any preceding claim wherein the
control body includes an air vent in communication with the

base unit by means of an air tube passing along the
umbilical.

12. The simulator of any preceding claim wherein said

multiplex elements are programmable logic devices.

13. The simulator of any preceding claim wherein said one
Oor more shared transmission lines comprise one or more

serial data lines.

14. A control body for an endoscopy training simulator,
comprising:

a dummy fluid control for the simulation of controlling
a fluid flow along a dummy insertion tube attached to the
control body; and

a non-contact electrical sensor arranged to detect an

action of the dummy fluid control.

15. The control body of claim 14 wherein the non-contact

electrical sensor is a Hall effect sensor.

16. The control body of claim 15 wherein the Hall effect
sensor is arranged to respond to the proximity of a magnet

moveable by the action of the dummy fluid control.

17. The control body of any of claims 14 to 16 wherein the
dummy fluid control is one of a dummy suction control and a
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ABSTRACT
ENDOSCOPY TRAINING SIMULATOR

There is disclosed an endoscopy training simulator in
which data connections passing through the umbilical linking
the control body and the base unit are multiplexed over one
or more shared transmission lines. The umbilical and a
connected angulation control unit may be unplugged from the
base unit. On the control body a dummy fluid control is
provided using a non-contact electrical sensor such as a

Hall effect sensor.
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