190 O000000I PO an 1 OO O O O O ooo @yoooooooo
0 O 20030 180688
(P2003[ 180688A)
(43)000 0015070 20 (2003.7.2)
(1) Int.cl’ 0ooo Fl 00000D0( D O)
OAD6010B 8/00 OAD6010B 8/00 0206000407
0G0 00 10N 29/26 503 06000 10N 29/26 503 040C030001
000D 000 0O0O000 5000011100
@HOOOO 0 0 200200 304295(P200201 304295) (D000 502096705
00000000 0000000000
(22000 00 0 140 100 1801 (2002.10.18) 0000000 OO0O0DOOO0 9404
3 000000000 00000000
(GHOODOO0O0D 039862 0000 1061
(32)000 0 0 130 100 200 (2001.10.20) (7000 000000 OO
(33)000000 DO (US) 0000000 0OO0OO0DOOO0 9404
(3HODO0O000D 039910 3 000000000 00000000
(32)0 00 0 0 130 100 200 (2001.10.20) 000D 1061
(33)000000 DO (US) (74000 100070150
(GHOOOOO0OO0D 039922 OO0 00 00 (O020)
(32)0 00 0 0 130 100 200 (2001.10.20)
(33)000000 DO (US)
afsjs)slsfs
(50000000 00000000
GHOOO0O 0oooo s 5 2w s
0000 O0DO0OO0OO0O00000000000000 - o wh ERIOF hurya-t
D0O000DD000000000000 LN I L 7o I RS

gbooooo bOooboobooboobooobooo
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooon

- 555 % 55 4 5
FyiB
&5 | -3 1] ap | |rey | ;]_'r:
PaT i nl_?;;t’ ERE [ 2482 rrkilt EE ]
el e,
x3-R¥-yay
Foimm [ ERA-)

73
B EF
5@_\ SQE“
Him 1-¥ \
g £2971-%
ET LS iims .




goooboogooo

googoboobo boobooboobooboooboo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
goooooooooooooo
goooobooooooooboboooooooooon
oooooooooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
gooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogobooobouobooboobooon
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
googo

gbooooo bOooboobooboobooobooo
gbogoooboooboooboobooboon
gooooo bOoobooboobooboooboo
gboooobooobooboobooboobooobooo
goooon

googoboobo boobooboobooboooboo
gboogbooobogoboooboobooobogoon
goooboobo Dbooboobooboobooobooo
gooooooooooooooboooooooooon
goooooo

ooooon0O oOooooooboobooooooooooon
oooooooogog
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
gooooooooooooon

oooobon0O Ooooooooboooooooooooon
goooboooooooooooboooooooooon
gbooooobouobouoboobooobaoboa
ao
gbogooobouobooboobooboobao
gbooboooboobooboobooon
gbooooobooboobooboobooooboao
googoon
gboooboooboobooboobooobooooboao
gbooooooboobooboooooboboa
gboogooo bOoobooboobooobooobooo
gboooobooobooboobooboooboo
gooooo bOoobooboobooboooboo
gboooboooboobooboobooboo
goooboooboobooboobooboooobooo

@

10

20

30

40

gboobooobooaoboao

2
gooogbooboobooboobooboooobooo
oo
gooobog ooboobooboobooooboo
ooooooooooooooooo
oooooooO ooooooboboooooooooo
gooooboooooooooooboogo
ooooooo oooobooboooooooooon
od
ooooooooooooooooooogoo
oooooooooooooooooooooooon
oooooooooooooooo
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
ugbooboooboobooboobooon
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gbobooboboobooboooboooboboooboga
gbooooodo ooboobooboobooobooo
gboogoooboobooboobooboooobooon
googooogo
gboooboog oOobooboobooboooboo
goooboooboobooboobooboooobooo
gooobog Oooboobooboobooobooo
goooboboobooooooboooDo
gooobog ooboobooboobooooboo
ooooobooooooooooboooooooooon
goooooooogd
ooooooo0 ooooooboooooooobooo
oooooooooooooon
oooooooooooooooooooooooon
ooooo
ooooooo0O ooooooobooooooooooo
oooooooooooooooooooooooon
ooooooooooooooooboogno
gbogood ooboobooboobooboao
ugboooooobodabod
gboooood oobooboobooboooboao
gbobooooobooboobooboooboa
gboogoodg oobooboobooboooobooo
gboogooobooboobooboooboboo
gbooooodo ooboobooboobooobooo
gbobooobobooboobooooobooboooboon
gbooooog oobooboobooboooobooo
gooooooboobooboooboooboboobo
gboooboog oOobooboobooboooboo
goog
gooogbooboobooboobooboooobooo

gboooboooboobooboobooboooboon 50 booboobooboobooboobooooo



go

gooobood oobooboobooboboboo
go
gooooooooooooooboooooooooon
od
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
ooooo
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
ugboooboobooboooboaboaboan
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gooaon
gbooooooboobooboooooboboa
gboooooboobooboobooobooooboao
gboooooon
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
goooooao
gboooobooobooboobooboobooobooo
gooooboooboobooboobooooboo
gooobodg oobooboobooboooboo
goooboooboobooboobooboooobooo
gooooboooo

ooooooo oooooobobooooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
goo

ooooooo0 oooooobooooooooooon
oooooooooooooooooooooo
ooooooo ooooooboooooooooooo
goooboooooooooooboooooooooon
gooaon

gbogood oobooboobdooboobao
gbogooobouobooboobooboobao
gooaooa

gboooodg ooboobooboobooboao
gboooooboobooboobooobooooboao
gboooboboobooooobooboga
gbooooboodg ooboobooboobooobooo
gbooobooobooboobooboooboooobooo
gbooooboooboobod

gooooog oobooboobooboboo
go
gbooobooobooboobooboooboo

®

10

20

30

40

gboobooobooaoboao

4
gooo0o0odooooooooooooooa
Oo0oo00o0d0o0ooooooooooooooooon
Oo0o00000o0o0oooooooooooooooon
doooboooooooooond
dodoboooooobobooooobooooobooa
ododoboooooboooooooooad
doddobooooooboboooooboooooooa
doddobooooooboboooooboooooooa
godobooooooooooooo
godobood Ooobobooooobooooood
goooooooooooad

ooddobood0 Ooobbooooobooooood
gooobbooooooooao

goooodd ooooobobboooooooooo
goooooooooooooboooooooooon
gooobbodooooooooobbouooooooao
goooodd ooooobobboooooooooo
goooooooooooobbooa
goobodooooooooboooooooooo
goobbodooooooooooooooa
goooodd ooooooboooooooooo
oooo0odooooooooooo
oooo0bo0dd oodoooooooooooooao
oo
Oo0oo00o0d0o0ooooooooooooooooon
goo0o0o0ooooooobboon
Oo0o00000o0o0oooooooooooooooon
dodobooooobooooobooooad
dodoboooooobobooooobooooobooa
godobooooooboobooooooboooooooa
dodobooooooobobooobooooooooo
doddobooooooboboooooboooooooa
dodoboooooobobooooooboooooooa
dddoboooooboooooooooa
doddoboboooooobooobooooooooo
aad
goboboodooooooooboooooooooon
goboboodooooooooboooooooooon
goooooooooooooboooooooooon
goobodooooooooboooooooooo
goooodd ooooobobboooooooooo
gooobodooooooooboooooooooo
goooooooooooon

gooboodd oooooobobboooooooooo
gooobodoooooooobbuoooooo
gooooddoooooooobooooooooooo
gooooddoooooooobooooooooooo
goo0o0odooooooooboooooooooon
Oo0oo00o0d0o0ooooooooooooooooon

gbooobooobooboooboobogboobong s0 onoooo



5
gooobodg oobooboobooboooboo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
oooooooogd
ooooooo oooooobobooooooooooon
goooobooooooooboboooooooooon
goooooo
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
ooooooooooooooooo
ubooooodg ouboobdoobooobobod
ao
gbogooobouobooboobooboobao
ugbboooboobooboobooono
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooooon
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gon
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gbooobooobooobod
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooooooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
ooooboooooooooooooo
goooboooooooooooooooooooon
oooooooooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooooboobood
gboooodg ooboobooboobooboao
gboooboooboobooooan
gbooooboodg ooboobooboobooobooo
gooooooooa
gbooooboog ooboobooboobooobooo
gbooobooobooboobooobo
gboooboog oobooboobooboooboo
gbooobooobooboobooboobooobooo
gboooboboobooboooboobog

*

10

20

30

40

gboobooobooaoboao

6
*Jooobooboobooboooboobooboon
googd
gooobog ooboobooboobooooboo
oooooooo
ooooobooooooooooboooooooooon
ooooooooo
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooO Ooooooobobooooooooooo
oooooooo
oooooooooooooooooooooooon
oooooooon
gbogoooboobouobooboobooboao
gbogooobouobouobooboooboobooa
gboooood oobooboobooboooboao
gboooooaon
gboooboobooboobooboobooooboaon
gboooobooboobod
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboboooboboobooooooboboobog
gboboobobobooooooboboooboo
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gobooboboooboooobooon
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooo
ooooooo0 ooooooboooooooobooo
oooooooooooooooooooooooon
ooooooooogd
oooooooO Ooooooobobooooooooooo
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooooooogd
gbogood ooboobooboobooboao
gboogooaon
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gboogoogn
gbooooodo ooboobooboobooobooo
gooooooooa
oooooooood
oooooo
oooooooooooooooooooooooon
ooooooooooooooooboogno
gbogoooboobouobooboobooboao

gbooobod0o 0O0boobOoobO0oobooboo*s0 bodbouboubouobouoboobooooobo



7
000000000000 ObO0O0Db0O000 (Broad-b
eam Imaging)” 00 0OO0O0DOOODOOODOOOOOOO
godobooooobooooooboooon
oooODoOoO0o0o0oooooooOoOOoOooOoooooono
oooODOoOO00oO0” oooooboOoOooooooooo
(Block Switching in Ultrasound Imaging)” OO OO
ooooOoO0o0o0o0ooooooOoOOoOooOooooooo
oo
oooDooOO0o0o0oooooooOoOOoOoooooooon
oo00oDoOOo0oO0”" ooooooooooooooM
"BOO 000 DO (Simultaneous Multi-Mode and Mult
i-Band(M*B) Ultrasonic Imaging)” 00000000
ggoobooooobboooobobooooobooa
ggoobooooobboooooo” oooooa
000000000000 (System and Method for Pha
se Inversion Ultrasonic Imaging)” OOOOOO0O0O
gogoobooooobbooooobooooooa
gogooboooooobooooo” bbooooooao
0000oooooooogooo(System and Method
for Post-Processing Ultrasound ColorDoppler Imagi
ng)” 000000000000 00000O00000
godobooooooooooobobooooooo
od
gooooo
dodobooooooboboooooobooooooa
dodobooooooboboooooobooooooa
godoboooooobobooooooboooooooa
oooODoOoO0o0o0oooooooOoOOoOooOoooooono
oooODoOoO0o0o0oooooooOoOOoOooOoooooono
oooooO0o0ooooooooOoOOoOoooooooon
ooooOoO0o0o0o0ooooooOoOOoOooOooooooo
ooooOoO0o0o0o0ooooooOoOOoOooOooooooo
oooDoO0o0oooooooDoOOooooooooon
oo0oDooOO0o0o0oooooooOoOOoOooOooooooono
oo0oDooOO0o0o0oooooooOoOOoOooOooooooono
oooooO0o0o0oooooooDoOOoOoooooooon
gogooboooooooo
ggoobooooobboooobobooooobooa
gogoobooooobbooooobooooooa
goodobooooboboboooobooboooooo
gogoobooooobbooooobooooooa
gogoobooooobooooooobooooooa
goodoboooooboobooooboobooooooo
gooobooooobboooooobooooooa
goooboooooboooooooobooooooo
goooboooooboboooooobooooooa
goooboooooboboooooobooooooa
goodobooooooboooooooboooooooa
dodobooooooboboooooobooooooa
dodobooooooooooobooooooooo

®

10

20

30

40

50

gboobooobooaoboao

8
gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
ooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbobooooaoooao
gboooooobooboobooooobooboo
gboooobooobooboobooboobooooboon
gboooooobooboobooooobooboo
gooooooboobooboooboooboboobo
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
oooooooooooo
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo



9
goooboooboobooboobooboooobooo
googo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooobobooooooobooboooooooooboon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooobooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
ugbogoooboobooboao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
gbooobooobooboobooobooboboboo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
goooboooooooobooooOooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooobooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gboogooaoo
gbooooobouobouoboobooobaoboa
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo

©)

10

20

30

40

gboobooobooaoboao

10
gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
od
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooobobooooooobooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gboooobooobooboobooboooboboo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooooooooooooooooogoo
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
goooooa
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo

gbooobooboobooboobooboobon 50 boobooboobooboobooboooboooon



11
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
ooooooo
oooooo
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobouobooboooboboa
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
goooon
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooooooooon
oooooo
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
oooobobooooooobooooooooooon
ugboooboobooboooboaboaboan
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooboooboobooboon
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo

Q)

10

20

30

40

gboobooobooaoboao

12
gboooobooobooboobooboooboboo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gboooobooobooboobooboooboboo
gboooobooobooboobooboooboboo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
od
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gbbooobooboboooboobooobooboogon
gboboooobooooa
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gbobooobobooboobooooobooboooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gboooobooobooboobooboooboboo

gbooobooboobooboobooboobon 50 boobooboobooboobooboooboooon



13
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000 0000000000
0000000000000 000000000000
0000000000000 000000000000
0000000000000 00000Oo0OoooOo
0000000000000 00000Oo0OoooOo
0000000000000 000000O0o0o0o00o
0000000000000 00000o0oooooo
0000000000000 00000o0oooooo
0000000000000 000000o0oooooo
0000000000000 00000o0oooooo
000000000000 0000o0oooooooo
0000000000000 00000000000o
0000000000000 00000000000o0
0000000000000 00000000000o0
0000000000000 000000000000
0000000000000000000000000
0000000000000 0000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000o00000o00oon
0000000000000000000000000
0000000000000 000000000000
0000000000000 000000000000
0000000000000 000000000000
0000000000000 00000Oo0OoooOo
0000000000000 00000Oo0OoooOo
0000000000000 000000O0o0o0o00o
0000000000000 00000o0oooooo
0000000000000 00000o0oooooo
0000000000000 000000o0oooooo
00000000o00oooooooon
oooooo
00000000000000D000D00ONew broad-be
an'"O0ODDOODOOO0OO0OO00O0000000000
0000000000000 00000000000o0
0000000000000 000000000000
0000000000000000000000000

©)

10

20

30

40

gboobooobooaoboao

14
gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooooogo
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
ooooboooooooobooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
googao
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
oooDO0OO0O00O0OnDOOOODOO0O000obO
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
ooooooooogd
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gbobooooobooboobooboooboboa
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo

gbooobooboobooboobooboooboon 50 booboobooboooboo



15
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
ugbooooobouoboobdaon
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooooobooboobooooobobog
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
gbooobooobooboobooobooboboboo
gbooobooobooboobooono
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
goooboooooooobooooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
goodaood
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooooboooboooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo

©))

10

20

30

40

gboobooobooaoboao

16
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000 0000D00000D0000
000000000000 0000D00000D0000
00000000000 D0000000000
000000000000 0000D00000D0000
0000000000000000000000 (arer
forming'")D 000000000 DO00ODOOOODO
000000000000000000000D0000
000000000000000000000D0000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000 (volume forming)D OO O OO0
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000 (multidimensional forming'")0 0000000
0000000000000000000000000
ooo
0000000000000000000000000
0000000000000000000000000
000000000000 0000D00000D0000
000000000000 0000D00000D0000
000000000000 0000D00000D0000
000000000000 0000D00000D0000
000000000000 0000D00000D0000
00000000000D0000000000000
000000000000000000000D0000
000000000000000000000D0000
0ooooooo
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0o00o0Ooooooon
0000000000000000000000000
0000000000000000000000000

gbooobooboobooboobooboobon 50 boobooboobooboobooboooboooon



17
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
od
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gbooooooboobooboooooboboa
ao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
gbooobooobooboobooobooboboboo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooobooooooooooon
goooboooooooooooooooooooon
ooooboooooooooooooo
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gooooooooa
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo

(10)

10

20

30

40

uoboooboooboaobod
18

gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
aon
gbooooboooboobooboobooobooooboaoon
gboooooobooboobooooobooboo
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooooo
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gboogooaon
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gooooooboobooboooboooboboobo
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo

gbooobooboobooboobooboobon 50 boobooboobooboobooboooboooon



19
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooobooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
ugbooobobooboobooboobooboan
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
ugboobooobooboobooobooobolbon
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
goooboobooboogooooon
gooooooooooooooboooooooooon
gooobobooooooobooboooooooooboon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooboobooooogn
gboooooboobooboobooobooooboao
gbooooooboobooboooooboboa
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo

an

10

20

30

40

uoboooboooboaobod
20

gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboooooooobooooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogooobogobouoboobooobooboa
ao
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooooobooboobooobooobobobo
gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboooooooobooooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo

gbooobooboobooboobooboobon 50 boobooboobooboobooboooboooon



21
gboooboboobooboooboobog
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooobobooooooobooboooooooooboon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouobouoboobooobaoboa
gboogoaon
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
goooon
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
goooboooooooobooooOooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
oooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo

12)

10

20

30

40

uoboooboooboaobod
22

gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
oooooooooooooooo
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
ooooboooooooobooooooooooon
oooooooooooooooboooooooooon
coooOOoOo0o0ooooooOoboboe0OOOOOODOO
gbogoooboobouobooboobooboao
gbogooobogobouoboobooobooboa
gboooboobooboobooboobooooboaon
coooOoO00edOOOODOOOOOODOOODOO
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gbobooobobooboobooooobooboooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
ooooooooooooooooooooooo
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gboboooobooooa
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo

gbooobooboobooboobooboobon 50 boobooboobooboobooboooboooon



23
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
ooooooooooooooooo
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooboooboobooboobooon
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo

13)

10

20

30

40

uoboooboooboaobod
24

gooogbooboobooboobooboooobooo
gboooobooobooboobooboooboboo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gbobooooobooboobooboooboboa
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooboobboooooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
ooooboooooooobooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboboooooooboano
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo

gbooobooboobooboobooboobon 50 boobooboobooboobooboooboooon



25
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
gooooooo
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
goooboooooooobooooOooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobouobooboooboboa
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooooooon
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
gbooobooobooboobooobooboboboo

14)

10

20

30

40

uoboooboooboaobod
26

gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gbobooooobooboobooboooboboa
gboogooobooboobooboooboboo
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooooboooboobooboooboooboboo
od
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogooobouobouobooboooboobooa
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
ao
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooooobooboobooobooobobobo
gooogbooboobooboobooboooobooo

ooooboeO0OO0OOOOOoOoODOOOOOOODODOD 5 ODODDOOOOOOOODOOOOOObODODOOOO



27
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
oooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooobooooooooooon
goooboooooooooooooooooooon
ooooooooooooooooo
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
goog
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
od
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouobouoboobooobaoboa
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooooobooboobooooobobog
gboooobooobooboobooboobooobooo
gbooooboooboobooboooboooboboo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
gboooboooboobooobooo

(15)

10

20

30

40

50

uoboooboooboaobod
28

gooogbooboobooboobooboooobooo
gboooobooobooboobooboooboboo
gooooboooboobooboooboooboboo
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbboooboooboubouboobdooboa
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
gbooobooobooboobooobooon
gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooobobooooooobooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogooobouobouobooboooboobooa
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gbobooooobooboobooboooboboa
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gbooobooobooboobooooon



29
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gooao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gbooooboooboobooboooboooboboo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
oooooo
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooobooooooooooon
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo

(16)

10

20

30

40

uoboooboooboaobod
30

gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
od
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
goooooooog
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
goooboboooooooboboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooo
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboooan
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo

gbooobooboobooboobooboobon 50 boobooboobooboobooboooboooon



31
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooooooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooboboobooboobooboooboan
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooooobooboobooooobobog
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
ubooooobaood
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
gbooobooobooboobooobooboboboo

an

10

20

30

40

50

uoboooboooboaobod
32

gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
od
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogooobouobouobooboooboobooa
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooooobooboobooooobooboo
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
goooboboooooooboboooooooooon
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
goboooboboobooooobooobo
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo



33
goooboooboobooboobooboooobooo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooobooooooooooon
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
ugbooobobooboobooboobooboan
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooooooobogoo
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
oooobooooooooooooooooooo
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooobooboobooboooboboa
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo

(18)

10

20

30

40

uoboooboooboaobod
34

gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
ooooboooooooobooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
gooooboooboobooboooboooboboo
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooobobooooooobooooooooooon
ooooooooooooooooooooooon
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooobooobooboobooboobooooboon
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goooboooboobooboobooboooobooo
gooogbooboobooboobooboooobooo

gbooobooboobooboobooboobon 50 boobooboobooboobooboooboooon



35
gboooboboobooboooboobog
goooboooboobooboobooboooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooobobooooooobooboooooooooboon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbogooobouobooboobooboobao
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
gboooboooboobooobooo
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
gooooooooooooooboooooooooon
goooobooooooooboboooooooooon
oooobooooooooooboooooooooon
oooobooooooooooboooooooooon
gooobooooooooooboooooooooon
goooboooooooooooooooooooon
goooboooooooooooooooooooon
goooboooooooooooboooooooooon
gbooooobouoboobooboobooboao
gbooooobouoboobooboobooboao
gbbogoboboooooboaobod
gbooooobooboobooboobooooboao
gbooooobooboobooboobooooboao
gboooooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gboooboooboobooboobooobooooboao
gbooobooobooboobooboooboooobooo
gboooobooobooboobooboobooobooo
gboooobooobooboobooboobooobooo
gbooobooobooboobooboobooobooo
goooboooboobooboobooboooobooo
gbooobooobooboobooobooboboboo

19

10

20

30

40

*50

uoboooboooboaobod
36
*Jooobooboobooboooboobooboon
gooogbooboobooboobooboooobooo
gooobooobooboobooboooboooobooo
ooooobooooooooooboooooooooon
ooooobooooooooooboooooooooon
oooooboooooooooboooooooooon
oooooooooooooooooooooooon
ooooooooooooooooboogo
ooooboobooooooooooboooooooooon
oooooooooooooooooooooooon
oooooooooooooooooooooooon
oooooooooooooooboooooooooon
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogobooboobouobooboobooboao
gboooboobooboobooboobooooboaon
gboooboobooboobooboobooooboaon
gbooooboooboobooboobooobooooboaoon
gboooobooobooboobooboobooooboon
gboooooobooboobooooobooboo
gboogoooboobooboobooboooobooon
gboooobooobooboobooboobooobooon
goog
oooooooood
ooooboooooooobooooooooooon
oooooooooooooooooooooooon
oooooooo
gbogoooboobouobooboobooboao
gbogoooboobouobooboobooboao
gbogoooboood
gboooboobooboobooboobooooboaon
ugboooobooobooboooan
gbooooboooboobooboobooobooooboaoon
gooooooon
gboooobooobooboobooboobooooboon
gbobooobooobooobooon
gboooobooobooboobooboobooobooon
gboooobooobooboobooboobooobooon
goog
gooogbooboobooboobooboooobooo
gooogbooboobooboobooboooobooo
good
ooooobooooooooooboooooooooon
ooooooooooooooboooogod
oooooboooooooooboooooooooon
ooooooooogd
oooooooooooooooooooooooon
oooooooood
oooooooooooooooooooooooon
oooooooood



37
goooboooboobooboobooboooobooo
gbooobooobooboobooobooon
gboooboooboobooboobooboooobooo
gooooooooooooooboooooooooon
ooooooooooooo

(20)

uoboooboooboaobod
38
*Jooobooboobooboooboobooboon
gooogbooboobooboobooboooobooo
goboooboooboooobooon
ooooobooooooooooboooooooooon
oooooooooooooooo

oooobooOO0O00oO0eOoOODOOOOOOOODOODOO ooooooo
oooobooooooooooboooooooooon ooo ooooo
goooooooooooooooooooooon ooo oooo
gooobooooooooooboooooooooon ooo ooooo
oooobooooooooooooooooooo 10 000 oooooo
goooboooooooooooooooooooon ooo ooooooo
goooboooooooooooboooooooooon ooo ooooooooogod
googd aon goodao
gbooooobouoboobooboobooboao aon gobodaood
gbogooobouobooboobooboobao aon gboogoogno
gboboooboooooobooon aon gooaon
gbooooobooboobooboobooooboao aon gbobooobooboobod
gboooboooboobooooan aon goooood
gboooboooboobooboobooobooooboao aon gboooooobooboooao
oooooooooooooooboooooooooboobo 20 00O gobogooooon
gooooooooboao agon goooooad
gboooobooobooboobooboobooobooo ooo goooon
gboooboooboobooboon ooo goooon
gbooobooobooboobooboobooobooo goo gobooobooobooobooon
gbooobooobooboobooboooboo ooo gooooon
goooboooboobooboobooboooobooo ooo gooooooon
gboogbooobogoboooboobooobogoon *

gooao googo goooo

/\’110 1\'530

7158

710C

715C



oooo
150
r-ABES v
LLIANG P
FYINE 140
IRFTVIE 145
115 ’ ‘.\A 15

120

@D 0000000000000
oooo
[ 1T |
RN
E REBAIIF 140 |
"\1_1/3/'

210

LSl

=77 =

105 ’
1104 H “ H H H “ V\’”m::mg mi | | 4 | [ I ]
$ g $ $ (?$ 1104 1108 ) 110D 110 | 110G )
110C 110F 110H
170 160
\100 230
N
240
i
| i
\ #3 SR
/ \
#HEEHE \
ooon oooo
51\11“ 513-‘ 52‘?_\ 5-_,\5“ 530
#w || =EE | | ®mA EKRA7F F3YAT -4
BER ¥E WEE Thi
560 555 sg0 15@_\ 540 535
b o
|7'Etg1 Et’ ::ipg ;T{ ;lj: Anvei R
7
[ N277 ! gige | \RETHR 810
55\_!.!; 515\ |
Ta-nf -3y
F-sfaty [ EfRavaT-§ ﬁ'%:ﬂE
e / e s
e &= WEE-ARR
€30
585 500
\*‘ b
B 1-¥ '\
{y42x-%
L E3 ) L= —
500 @
T




(22)

uoboooboooboaobod

ooog oooad oooog
HIEE-L4
.3y 4———————NO HBRE
) () ) “e “ 210
_yaA 110C 110F 1108 110D 110 T1¢ 110C #10F
HENEEN |~j
3204 11oe ow 3203 SqoﬁﬂAWﬂon . :
\ 420
10 \ =58 T
170A 1?05 170c 820
) YES
+
\ / 21K et
\ . e | L
25DA 23p 2508 2308 250C 230¢ B
830
(D) () -
310 1190 130G e 119E 110H 7 ‘4’4?# &=
1[|||TTT—| LHIH\__L_\I/_I/I - =
1103 1104 110¢
320D \ 3206 &Rt
\ . 840
\ 1700 170E La-{hk
! g
a8 ' E \
/ 230D J 23\05\\ 400 gt
’ 30473y 850
74 =
SRB s
ooooo
oooo oooooa
L]
fl
{15%7} / ll
EET 780 3o L)
W - i ; } e
\P 4 e/
| /
7 i[]] D>1240
> ] 1 I
1I-iH g t
s 920 £ )
Y /"
14 1220
ooooo f p
/
Cf &1
930 / \
} !
MEﬁKT /’ 1\
, >1230
| Tiay /| 4
1710~ PAFYY ) —_—
940 1220 X
1210
530
110A
110 1108
1106 F-igER
950




(23) 00000oo0ooooooo

googoo ooooon
1qig'ﬁ 11§i—\
-t
£ -
[T
E
w N
i >
M Y
S ’\J'm 11100
1010 BEIAT - 10 El-l
goooon oooooo
530
1120
o/ T>1240
- il
= 1210 [
M :'
# A
My
} it
I
] )
] 0
1400 t
111c|j AR (©) > 1230
-
1250 o

gooao

HERAF1-4—>

110F.
110D, 110E/110G 1104 110M
s 2 z

1105

330



24) uoboooboooboaobod

googoo ooooo
BEZRT - — 1410A 1410J 1410M 14108
1100 110E 4106 1100 110M 14108 1410E 1410H \1410L % 1410N 1410R
) Vi \ \
530 1420A~]
110A 1108 14208 j
1108
1420E -
1420G— AT
w 14208 _| |47 ]
- TN T
N~ <
13104 = = P
01 i ~ = \\‘
13108 l d
-y/
14408
BERIFAT - 1420Q 1430
110M
100 108 1106 1100 UM 1400 14zonj
530 14200 .
(
1104 1340F 1430 HERIAT1-4—» 1000_)
1108
1330 ({:}) Oooo0on
13108
*EER
ogoood 1810
1520 1560 l
[ ") 7. L
i
7 e
1620
1550 - ;f i
- I
I
F-iaw
| 1630
& iu>
>'_ Y
ERETF
1640
: i
T |
| 1

X- 1520
1100J ol



(25) uoboooboooboaobod

ogooono oooon
f_‘141°A j‘WG 1425 @
142047~
HEEMHY
2010
=
1A~ T TS .
1910\4' PN
1 Rl N —14408
E T AN fREEN
(3 e \\\ 2020
i rd ™ L
T ApEsHE
1430 3030
14200~ _|

1000 BERIIVAF1-—>

2060

]

gooooooooa

@GHooooooo opoooo (2000 000 Oopoooo

G2)ooo 001400000 (20020 40 5) ugoboooodg oobodgbdd

G(3)Hoooood gooaon 94043 OOOOOODOOO OO0OO
@GHoooooog opooooo oooooooo 1061

(G32)ooo 001400000 (20020801) OOO0OD0O@O0O 26047 CAOL DBO2 EAO9 EA10 GBO2
(33)Hoooood gooaon GF06 GF10 GF1l GF15 GF17

GF18 GF20 GG17 GG21 GG28
GG29 GG35 GG36

4C301 BB12 BB22 EE10 EE11 GBO2
HHO2 HHO3 HH13 HH25 HH37
HH38 JB23 JB24 JB28 JB29
JB42 LLO5



(26) uoboooboooboaobod

googooogo

1 Title of Invention
Broad-Beam Imaging

2 Claims i
1. A method of probing a material ynder investigation comprising the stepsjof:

using a plurality of transduceré to transmit dn ultrasound beam into the material
under investi.'ga’tion. thé ultrasound beam including componefts generated
by each transducer in the plurality of transducers:

receiving echoes generated -by interactions between the ultrasound ‘ieam and
the material under investigation;

generating first data from the received echoes, the first data having values that
include phase and magnitude information and being assaciatgble with a
time dimension and dlistributed aver at least one spatial dimedsion;

using the phase or magnitude information td distinguish echoes, ambing the
received echoes, resulting from uItrasouhd beam components|gensrated
by a subset of transducers'in the plurality of transducers: ana-

transforming the first data into second data using the distinguished &choes, the
second data having values distributed over at least one more Spatial

dimension than the first data,

2. The method of claim 1, wherein the magnitude information is used to distihguish

echoes among the received echoes.

3. The method of claim 1, wherein both the magnitude and phase informatioh are used

to distinguish echoes ameng the received echaes,
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4. The method of claim 1, wherein the phase information is used to distinguish echoes

among the received echoes.

9. The method of claim 4, wherein the ultrasound beam is configured ta pi'bbe a region

of interest including two ar mare §patial dimensions,

B. The method of claim 5, further including a step of transmitting an additighal
ultrasound beam into the material under investigation, the additional beam being
configured to prebe a second region of interest overlapping the re3ibh of interest

Including two or mare spatial dimengions.

7. The method of claim &, further inciuding the steps of

transmitting an additional ultrasound beam into the material under investigation,
the additional beam configured to probe a second region of irerest
overiapping the region of interest including two or more spatil
dimensions, -

receiving second echoes generated by interactions between the additional
ultrasound beam and the material un.der investigation,

generating third data using the received second echoes, and

generating an imaga using both the second data and the third data.

8. The method of claim 4, further including a step of canfiguring the ultrasiound beam

respansive o an imaging made,
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9. The methed of claim 4. further inciuding the steps of generating elecronic signals
from the received echoes using recelving transducers and of amplifying the
generated electronic signals using a weighting function with a factor responsive

fo an identity. of a member of a set of receiving transducers.

10. The method of claim 9, wherein the welghting function is responsive to jthe identity

of a main contributing element.

11. The method of claim 1, wherein the step of transforming the first data fncludes a

multidimensional data transform.

12. A method of probing a material under investigation comprising the sieps of:
fransmitting one ultrasound beam into the material under investigatiph;
receiving echoes generated by interactions between the ultrasound beam and
the material under investigation;

generating first data from the received echoes, the first data having &ivalue that
includes phase and magnitude information and associatabl> with time and
at least a first spalial dimension; and"

transforming a portion of the first data into second data using a trangform
capable of producing second data distributed over at least a second
spatial dimension and a third spatial dimension, the transform {ising the
phase or magnitude informztion to seiect the portion of first dita to be

transformed.
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13. The method of claim 12, wherein both the magnitude and phase infarmétion are

used to distinguish echoes among the received echoes.

14. The method of claim 12, wherein the ghase information is used to distiguish

echoes among the received echoes.

15. The method of claim 14, wherein the first spatial dimension Is the same as the

second spatial dimension.

16. The method of claim 14, further including a step of determining charactéristics of an
ultrasound beam configurad to analyze an area within the material under

investigation.

17. The method of claim 12, further Including a step of determining an area ito be

probed by the ultrasound beam, the second data being distributed ovkr the area.

8. The method of claim 12, wherein the transform includes determining a data location

line using the location of & main contributing element.
18. The methad of claim 18, wherein the data location line is curved,

20. The method of claim 18, wherein the data location fine does not interseftt the main

contributing element,

21. The method of ¢laim 12, whersin the step of transforming the first data Ipcludes a

transform that uses comrelation analysis.
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22. The method of claim 12, wherein thé step of transforming the first datdlincludes

determination of a main contributing element,

23. The method of claim 12, wherein the step of transforming the first da-ainciudes

consideration of a secondary contributing element.

24. The method of clalm 12, further including a step of transmitting an additional
ultrasound beam, the step of transforming the first data occurring L efore the step

of fransmitting the add tional ultrasound beam.

25. A method of probing a material under investigation comprising the steps of:
transmitting one or more wultrasound beam into the material under investigation;
receiving first echoes generated by interactions between ane of this transmitted
one or more ultra#ound beam and the materia| under invest gation, the
interactions occurring at points distributed over at least fired Spatial
dimension and a second spatial diménsion;

gererating first data from the received first echoes, the first data hz ying values
distributed in a time dimension and additionally distributed o 4dr at least
the first or the second spatial dimension: |

transforming the first data Into second data ﬁaving values distributed lover at leas
both the first and the second spatial d imension;

transmitting an other ultrasound beam inlo the. material under invesiigation:

receiving further echoes generated using the other ultrasound beany:

generating third dala using the received furfhér echoes, the third dat being
echolocation data and having a dimensionality; and

caombining the third data with the second data, the combination havimg the same

dimensionality as the third data.



(31) uoboooboooboaobod

26. The method of claim 25, wherein charactetistics of the other uitrasoun 3, baam are

modified according to an algorithm that processes the second data.

27. The method of claim 25, wherein the step of cdmbining the second dataland the

third data improves the signal to noise ratio in a resulting image overthe signal to

noise ratio of a resulting image that may be generated using only the second

data cr only the third data.

28. The method of claim 25, wherein the step of transmitting the other ulirdsound beam

is responsive to the.second data.

28. The method of claim 25, further Including the step of configuring the <ne or more of

the transmitted beam responsive to an imaging mode.

30. The method of claim 25, further including a steb of determining an are 4 to be probed

using the one or more ultrasound oeam.

31. The method of claim 25, wherein the step of transforming the first data iciudes
using a data transform with a weighting funetion responsive to an idghtity of a

main contributing element.

32. The method of claim 25, wherein the second data is indexed using a ciordinate

system respansive to a shape of the one or more ultraseund bean.
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33. A method of probing a material under investigation comprising the s:eps of:
transmilting an ultrasound beam into the material undor investigatieq;
receiving echoes generated by interactions .between the transmitied ultrasound
beam and the material under investigation;

generating first data using tr]e received echoes, the first data havingjvalues
associatable with time and a number of positions in a first spatial
dimension, the number of positions Eeing at least 64 and thel association
with the number of positions being independent of the assc ¢idtion with
time; and _

transforminé the first data into second data having values assaciatable with at

least the first spatial dimension and a second spatial dimension.
34. The method of claim 33, wherein the number of positions is at least 128,
35. The method of claim 33, wherein the number of positions is at Jeast 258!

38. The method of claim 33, further including the step of receiving second échoes
generated by interactions between a secand ulfraseund beam and the material

under investigation,

37. The method of claim 36, further including the step of generating third 4t using the
received second echces, any combination of the first data and the third data

having the same dimensionality as the first data.

38.The method of claim 33, wherain the second data is scholocation date,
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39. A method of probing a material under Investigation comprising the sieps of:

using a plurality of ultrasound transducers tc; transmit an ultrasoug beam into
the material under investigation:

receiving echoes generated By interactions between the ultrasound'fpeam and
the material under investigation; .

generating first data from the received echo;:es. the first data havirg 4 plurality of
values assoclatable with time and with a first number of positons in a first
spatial dimension, the first number of positions being more tHan one; and

generating second data from the first data, the second data haviny yalues
assoclatable with a second spatial dir.nension and with a secefid number
of positions in the first spatial dimension, the first number o~ pidsitions

- being fewer than the second number of positions;

wherein at least one of the values of the second data, associatable: with one of
the second number of positions but not with any of the first inber of
.positions. is generated without interpolatian between values; aﬁ the first

data.

40. The method of cfaim 39, wherein the number of spatial dimensions assbciatable
with the second data are independent of a number of ultrasound bzains

transmitted.

41. The method of claim 39, wherein the transmitted ultrasound beam is characterized
by a direction, a focal point and a beam width at the focal point, the: beam width

being measured through the focal paint along a straight line pemendi¢ular to the
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direction, and the second data Is echolocation data having a resolution in a

spatial dimension perpendicular to the direction of the beam and smaller than the

beam width.

42. The method of claim 39, wherein the step of generating second data iri¢ludes using
a transform algorithm with a weighting function that assigns a weight to echoes

according to echo receiving location,

43. The method of claim 29, wherein the step of using a plurality of transiycers to
transmit an ultrasound beam includes using'a plurality of transduoar?s,, and the
step of generating second data includes using a transform algorithri configured
to differentiate signals resultin‘g from different members of the plurality of
transducers using a phase relationship in the receaived aéhces orusing a

magnitude in the received echoes.
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44, A methad of ;;robing a material under investigation comprising the stzps of

using a plurality of transducers to transmit a plurality of ultrasounc beams info the
material under investigation; .

receiving first echoes generated by interactions between a first meniber of the
plurality of uitrasound beams and the material under investigation;

generating first echo data from the received first echoes, the first echb data
having values associatable with a terjiporal dimension and ;searately
associatable with more than one position in at least a first $odtjal
dimension, the values including phase and magnitude inform'+fion;

receiving second echoes geherated by interactions between at least;4 second
member of the plurality of ultrasound beams and the material wnder
investigation; |

generating second eche data from the received second echoes, the skcond echo
data having values aésociatable with a temporal dimension ard separately
associatable with more than one pos'f’.tion in at least a second spatial
dimension;

generating first echolocation déta using the first echo data and a daté transform
responéive to the phése or magnitude information;

using the second echo data to generate seéﬁnd echolocalion data, apnd

combining the first and the second echolacation data to produce th rd
echolocation data having the same dimensionality as the first ethclocation

data.
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43, The method of claim 44, wherein the data transform is responsive to the phase and

magnitude information.

46. The methed of claim 44, wherein the data transform is responsive fo th_ié phase

information.

47. The method of claim 44, wherein the first spatié! dimension is the sarnetas the

second spatial dimension.

48. The methad of claim 44, wherein first echoes are received using at leagt one of the

transducers in the plurality of fransducers.

49. The method of ¢laim 44, further including a step of displaying an image: using the
third echolocation data,

®0. The method of claim 44, wherein the first echo data has dimensions ofime and
position, the position dimension being associatable with locations cf fiansducer
elements and the first echolocation data has two spatial dimensions Fepresented

by a Cartesian coordinate system.

61. The method of claim 44, wherein the first echo data has dimensions cf time and
position, the position dimension being associatable with locatlons of transducer
elements and the first echolocation data has two spatial dimensions jépresented

by a radial coordinate system.
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52. A method of generating echolocation data comprising the steps of:

generating first data by converting echoes inta electronic signals, 116 first dsta
having a plurality of values{ associatable with time and sepa-ately
associatable with a plurallty of positions in at least one spatial dimension,
the plurality of vaiues including phase and magnitude informéation; and

generating the echolocation data using the first data and a data transfonm
responsive to the bhase or magnitude infermation, the echo :pq‘;ation data
having at least one value derived from two or more memberstf the

plurality of values associatable with different positions in the piurality of

positions.

5§3. The method of claim 52, wherein the at least one value i not generated| using

interpolation between members of the piurality of values.

54. The method of claim 52, wherein a plurality of values in the echolocatind data are

each derived from members of the plurality of values having differeiit:positions in

the at least one spatial dimension,

55. The methed of claim 52, wherein the echaes are received by a plurallty;df
transducer elemenis and the differant positions of the two or more nembers of
the plurality of values are separated by at least twice the shortest distance

between any two members of the plurality of transducer elements.

56. The method of claim 52, wherein the data transform is responsive to ‘hé phase

information.
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3 Detailed Description of Invention

CROSS- ~REFERENCES TO RELATED APPLICATIONS
[0001] This application claims benefit of commanly owned U.S. Provisiofkal Patent

Appltcatlon No. 606/370, 632 entitied "Elroad-beam lmagrng and filed April'5, 2002. The
disclosure of this prowsmnal patent appllcatons is mcorporated herein by reference,
[0002]  This application is a continuation-in-part of U.S. Patent Appiicatiofi No.
10/039,822, entitled “Block Switching in Ultrasound Imaging,” and filed on Qctober 20,
2001.
[0003] This application is also related to co-pending U.S. Pétent Appl!ca!iufms No.
09/860,209, entitied "Miniaturized Ultrasound Apparatus and Methad Application,” filed
on May 18, 2001; No. 10/039,862, entitled “Simultaneous Multi-Mode and!Multi-Band
(MaB) Ultrasonic Imaging,” filed on October 2C, 2001 No. 09/872,541 entr’plbd "System
and Method for Phase Inversion Ultrasonic Imaging,” f led on May 31, 20011 and No.
10/101,661, entitied "System and Methog for Post-Processing Ultrasound Color Doppler
Imaging,” filed on March 19, 2002, The subject matter of the related applicitions are
heraby incorporated by reference. The related apﬁlications are commonly b’ssigned.
BACKGROUND
FIELD OF THE INVENTION
[0004] ' The invention is in the field of | imeging and more specifi ically In the field of
ultrasonic | imaging.

PRIOR ART

[0005] Ultrascnic fmaging is a method of analysis used for examining a widie range of

materials. The method js especially common in medicine because of its reia{ively non-
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invasive nature, low cost, and fast response times. Typically, ultrasonic iiaging is
accomplished by generating and directing an uitrasound beam into a matetial under
investigation in a transmit phase and observing refiections generated at thg boundaries
of dissimilar materials in a receive phase. For example, in medical applications
observed refiections are génerated'at boundarles between a patient's fissyss. The
observed rafiections are converied to electrical signals (channel data) by relceiving
devices (transducers) and processed, using methoﬁs known in the art, ta t;'tgl’-;'termine tha
locations of echo sources. The resulting data Is dispiayed using a display Hevice such
as a monitor,

[0006] The prior art processes aof producing an ultrasound beam and ana{yzing
resulting echoes is called *beam forming.” The production process upticnailfy Inclides
defining “transmit” beam characteristics through aperture apodization, steefing, and/or
focusing. The analysis process opﬁonally includes calculating a *receive b{éftam" whérein
received echoes are processed io isolate those ecﬁoes generated along a :ri:arrow
region. This calculation includes the identifying one-dimensional line alongiwhich
echoes are assumed to have been generated, and is thersfore referred ta Herein as
"echo Iing calculation.” Through beam forming a one-dimensional set of ecliolocation
data is generated using each transmit and/or receive beam. Echolocation déta is
positional data relating to the physical location of one or mara echo source gnd
optionally includes intensity, velocity and/or similar physical Infermation. Edtﬁnlmcaﬁon
data may include post-beam fnnniﬁg raw data, detected data, or image daté:

Multidimensional echolocation data, such as an ultrasound image, is genargied by
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scanning a field of view within the matF;'rial under investigation using multiple transmit
and/or receive beams. |

[0007) The ulirasound beam transmitted Into the material under invest gaiion duting
the transmit phase is generated by applymg electronic signals to a transduger. The
uitrasound beam may be scattered resonated, attenuated and/or reﬂectecu as it
propagates through the material under mvestlgahon. A portion of the rer}ecked signals
are received at transducers and defected as echoes. The receiving transducers convert
the echo signals to electronic signais and optionally furnish them to an echd line
calculator (beam former) that performs the echo line calculation Inherent tg gnalysis
using a recelve beam.

[0008] After beam forming, an image scan converter uses the calculated Echolocation
data to generate image data. In prior art systems the image formation re tefitthe frame
rate) is limited by at least the total pulse returm times 61 all ultrasound beamé used to
generate each image. The pulse retum time is the time between the transniission of the
ultrasound beam into the material under investigation and the detection of the last
resulting reflected echoes. The limited frame rate may result in temporal arfifacts
caused by relative movement between the ultrasound system and a materig} under
investigation.

[0009] FIG. 1 shows z prior art ultrasound system, generaliy designatet| 1de.
Ultrasound system 100 includes an element array 105 of transducer elemehits 110, a
backing material 120, an optional matching layer 130, a transmit/receive switch 140 and
a beam transmitier 150, Backing material 120 is designed to support elenéht array 105 —

and dampen any ultrasound energy that propagates toward backing materia| 120.
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Matching layer 130 transfers ultrasound energy fro.m transducer elemerits-310 into the
material under investigation (not shawn). Transducer elements 1 10, int:Illuli'e individuai
transducer elements 110A-110H individually coupled by conductors 11& and 117,
through transmitreceive switch 140, to a beam transmitter 150. Transmitteceive switch
140 may include a multipléﬁcer 145 tll1at allows the number of conductors 117 to be
smaller than the number of conductors 115. In the transmit phase, bearn iransmitter
150 generates electronic pulses that are oouﬁfed through transmit/receive [switch 140,
applied to some or all of transduder elements 1 10A-110H, and converted] to uitrasound
pulses 160. Taken together, ultrasound pulses 160 form an ultrasound beam 170 that
probes the material under investigation,
[0010] Ultrasound beam 170 may. be focused to limit the region in whicn {alt:hoes are
generated. When echo sources are restricted to a namrow region the calcu!étion of echo
location data may be simplified by assuming that the echo sources lie along| & “transmit
line.” With this assumption, the task of the echo beam calculator Is reduced to a
problem of determining the position of aﬁ echo source in one dimension. Tﬂhis pasition
is established using the return time of the echo. The accuracy of this assumption and
the spacing of transmit lines are significant factors in determining the reso[ulion of pricr
art vltrasound systems. Finely focused beams facilitate higher resolution than paorly
focused beams. Analogous assumptions and consequences are found in a;i;lalyses
involving calculated receive beams.
[0011]  FIG. 2 shows a prior art focusing system in which element array 106 is a
phased aray configured to focus ultrasound Heam %70 by varying the tim ir"q of

electronic pulses 210 applied to fransducer elements 110A-110H. In this system,
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electronic pulses 210, are generted at beam transmitter 150 and passed, through
transmit/recelve switch 140, Electronic pulses 210 are delayed using a delay generatﬁr
(not shown) and coupled to transducer elements 11 0A-H. Ultrasound beam 170 is
formed when transducer elements 110A-H convert properly delayed electronic pulses
210 to ultrasound pulses 160 (FIG, ;l). Once farmed, ultrasound beam 170 is directed
along a transmit beam line 250 fnclering a focal point 230 with a resulting Beam waist
240 characterized by a width of ultrasound beam 170. In a similar mannef bhased
excitation of element array 105 is used to direct {steer) ultrasound bearr 170 in specific
directions. The cross-sectional intensity of ultrasound beam 170 is typlcalf Gaussian
around a focal point and includes a maximum along transmit beam line 250L The shape
of ultrasound beam 170 may depend on aperture éghadization.

(0012] In a scanning process, ultrasound system 100 sends a series of d[stinct
ultrasound beam 170 aleng another, different transmit beam lina 250 to 1'orih an image
over more than one spatial dimension. A specific ultrasound beam 170 is-ptionally
transmitted in several iransmiﬂrecerve cycles befoife generating another ulitasound
beam 170. Between each transmit phase a receive phase accurs, during _\{L‘hich schoes
are detected. Since each ultrasound beam 170, included in an ultrasound scan,
requires at least one transmivrecei;fe cycle the scanning processes may taﬁe many
times the pulse retumn time. This pulse return time', determined by the spedd of sound in
the material under investigation, is a primary limitation on the rate at which rior art
ultrasound images can be generated. In addition, undesirable temporal anpmalies can
be generated if transducer element-s 110A-110H mcwe:: relative to the mateiial under

investigation during the scanning process.
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[0013) FIGs. 3A through 3E show a prior art scanning process in a phased array 310
of eight transducer elements, designated 110A through 110H. Subsets Szd:JA-aZOE of
the eight transducer elements 100A-110H are each used to generate oie of distinct
ultrasound beams 170A-170E. For example, FIG. 3A shows ultrasounc beam 170A
formed by subset 320A, in::luding ﬁansducer eler;ﬁents 110A - 110D. Theipext step in
the scanning process includes forming ultrasound 5eam 1708 using subset 320B
including transducer elements 1108 — 110E as shown Ih FIG. 3B. Inthis riample, a
transmit beam line 2508 assaciated with ultrasound bearn 1708 passes thfbugh a focal
point 230B, which is displaced fmm a focal point 230A by 2 distance typ:‘cailll,y equal to
the width of one transducer element 110. As shov)';w by FIGs. 3C througn iE each
subset 320C through 320E, used 1o produce each Uitrasound beam 1702 through
170E, is displaced by one transducer element 110 relative to subsets 3208 through
320D, respedlively. Echoes detect;ad in the recelve phase. occuming belween each
transmit phase, aro used to generate echciocationr.‘data and these echolocation data are
typically combined to form an image suitable for display. The scan pmceas£ may be
repeated to produce multiple images.

10014] In practice, phased array 310 may include sixty-four, one hundred dnd twenty-
eight, or more transducer elements 110. The resollution of the echolccation data
depends on the aperture and the number of transducer element 11 0, anc or the degree
to which transmit beam line 250 ac;i:raté!y represents possible echo sourcgs within
ultrasound beam 170. Representation of ultrasound beam 170A-E using bisam line
250A-E is an approximaticn that determines the résolution of resulting echdlbcation

data. A poor appraximation will limit the resolution of the resulting echolocation data. A
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maximum width of ultrasound beam 170A-E Is, therefore, limited by the desired
resolution of the echolocation data. The accuracy of the approximation is # function of
distance from focal points 230A-E, the approximation being less accurate a;t further
distances. '

[0015] Common practice includes Qenerating sevéral ultrasound beams Mth different
focal point 230A-E, and using each set of received echoes ta generats ¢ at;a‘ near focal
paints 230A-E. Prior art data ge_neréti.on may be limited to an area near fo:aﬂai points
230A-E because, at further distances, the transmit beam line 250 approximation may
not be sufficiently acourate to provide the echoiocétion data of a desirec resalution,
Typically one receive or transmit beam line 250 is generated for each trangmitfreceive
cycle. The number of beams required t6 image an area is dependent on bpkh the width
and depth of the area to be imaged as well as the desired resolution. By ulfsa“ng only
echoes near focal point 230, Dnlyé small portion (é,g: < 10%) of the total reteived
signal is used, with the remainder of the received signal being discarded. {he pror art
makes inefficient use of detected sig'nal.' Similar disadvantages occur in sylstemns
utilizing synthetic receive lines.

{0016] .In the prior art the area to be covered, transmit beam width, numbes of transmit
beam 170, and echolocation data resclution are interdependent. The transyhit beam
width determines the minimum Iaterrél resolution width of the echolocation ¢ata. Since
each transmit beam 170 covers only a limited area, a greater number of trarlsmit beam
170 are required to image a larger area. Use of a greater number of transmit beam 170

lengthens the minimum time required to generate an image.
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{0027] Disadvantages of the prior art, such as an image formation rate redtricted by
pulse return time and inefficient signal use, have prevented prior art Lltrasound systems
from taking full advantage of advances in rmicro-processing power. The |yibr art

endures these disadvantages in order to generate imagas with the highe‘;t' possible

resolution.

SUMMARY OF THE INVENTION
[0043] Some embodiments of the invention include a method of probing 2l material
under investigation comprising the steps of (1) usir‘lig a plurality of transduriers to
transmit an ultrasound beam into the material under Investigation, the utragound beam
including components genérated by- each transdJcer in the plurality of transducers, {2)
receiving echoes generated by interactions between the ultrasound beatn and the
material under investigation, (3) generating first da"fa from the received echdes, the first
data having values that include phase and magnitude information end be:ing
associatable with a time dimenslon and distributed over at least one spa‘ial dimension,
(4) using the phase and/or magnilu'de informatian to distinguish echoes, ar!‘lbng the
received echoes, resulting from ultrasound beam é_bmponents generatec by a subset'of
transducers in the plurality of transducers, and (5) transforming the first :_lal};i into
second data using the distinguished ‘echoes, the second data having val Jes|distributed
over at least ona more spatial diménsion than the first data.
[0Dd4] Some embodiments of the invention inclu&e a method of probing & material
under investigation comprising the steps of (1) transmitting one ultrasound beam inio
the materia! under investigation, {2) feceiving echoes generated by interactons
between the ultrasound beam and ;che material under investigation, (3) genirating first
data from the received echoes, the first data havin;g a value that includes: phiase and
magnitude information and associatable with time and at least a first spatial Himension,
and (4) transforming a portian of the first data Into second data using a trangform

capable of producing second data distributed over at least a second spatial dimension
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and a third spatial dimension, the transform using the phase and/or magni!ﬁdez
information to select the portion of first data to be transformed.

10045] Some embodiments of the invention include a8 method of prabing 4 material
under Investigation comprising the steps of (1) transmitting one or more ulirasocund
beam into the material undér Investigation, (2) re:;eiving first echoes generted by
interactions between one of the transmitted one or more ultrasound beam dnd the
material under Investigation, the interactions occurring at points distributed over at least
a first spatial dimension and a second spatial dimension, {3) generating iirdt data from
the received first echoes, the first data having values distributed in a time dimension
and additionally distributed over at least the first or the second spatial direrision, (4)
transforming the first data into second data having values distributed over f least both
the first and the second spatial dimension, (5) transmitting an other ultrasob{nd beam
into the material under investigation, (6) .receiving further echoes generatediusing the
other ultrasound beam, (7) generating third data us;ing the received further echoes, the
third data being echolocation data and having a dimensionality, and (8) carrbining the
third data with the second data, the combination having the same dimensidrality as the
third data.

(00461 Same embodiments of the invention Include & method of probing & material
under investigation comprising the steps of (1) transmitting an ultrasound bgam into the
matefial under investigation, (2) receiving echoes generated by interactiong between
the transmitted ultrasound beam and the material under investigation. (3) generating
first data using the received echoes, the first data r.waving values associatable with time

and a number ¢f positions in a first spatial dimension, the number of posiiois being at
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least 64 and the assoclation with the number of positions being independent of the
association with time, and (4) transfoﬁning the first data into second data ‘#aving values
associatable with at least the first s}:atlal dimension and & second spatiz) dimension,
(0047] ~ Some embodiments of the invention include a method of probing aimaterial
under investigation comprising the steps of (1) ushi‘ng a plurality of ultrasount
transducers to transmit an ultrasound beam into the materiai under investigiation, (2)
recelving echoes generated by inte.ractions between the ultrasound bearm and the
material under investigation, (3) generating first déta from the received ecliges, the first
data having a plurality of values associatable with time and with a first L rr{bfer of
posifions in a first spatial dimension, the first number of positions being more than one,
and (4) generating second data fro;'n the first data, the second data havirg values
associatable with a second spatial dimension and ;vvith a second number cf;:fbositions In
the first spatial dimension, the first numbér of positions being fewer than “helsecond
number of positions; wherein at least one of the values of the second daia,jéissociatabfe
with one of the second number of positions but not with any of the first nu mber of
positions, is generated without interpolation betweén values of the first dats.

[0048] Some embodiments of tha invention include method of probing a rlaterial
under investigation comprising the §ieps‘ of (1) using a plurality of transduceis to
transmit a plurality of ultrasound beams into the material under investigation| (2}
recsiving first echoes generated by interactions béhveen g first member of iHe plurality
of ultrasound beams and the material under investigation, (3) generating first echo data
from the received first echoes, the first echo data having values associatabis with a

temporal dimensian and separately associatable with more than one posii;ibﬁ in at least
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a first spatial dimension, the values including phase and magnitude information, 4)
receiving second echoes generate& by interactions between at least a sepijnd member
of the piurality of ultrasound beams and the maten"a\l under in'vestigaﬁon. (51) generating
second echo data from the received second echoes, the second echo data:having
values associatable with a'femporal-'dimension and separately assoclatzbig with more
than one position in at least a second spalial dimension, (6) generating first:
echalocation data using the first echo data and a data transform responsive! to the
phase and/or magnitude information, (7) using the second echo data to geperate
second echolocation data, and (8) ;:6mb‘ining the first and the second echijlpcation data
to produce third echolocation data havi’ng the same dimensionality as the tip'st
echolocation data. |

[0049]  Some embodiments of the invention include 2 method of generating
echolocation data comprising the steps of (1) generating first data by corveiting echoes
into electronic signals, the first data having a plurality of values associatabli with time
and separately associatable with a plurality of positions in at least one spatjal
dimension, the plurality of values including phase and magnitude informatiqﬂw, and (2)
generating the echolocation data using the first data and a data transform: responsive to
the phase and/or magnitude information, the echolocation data having at legist one
value derived from two or more members of the plurality of values associathble with

different positions in the plurality of positions.
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DISCLOSURE OF THE INVENTION
[0050] New broad-beam™ technalogies are systéms and methods that aifow
multidimensional (area or volume) echolocation data to be generated frc m 4s few as
one ultrasound beam. These tachnologies include generating an ultrasound beam and
transmitting it into a material under investigation, aenerating echo signals frbm resulting
echces, and processing the echo signals to produ&e echolocation data cistributed in two
or more dimensions.
[0051] Broad-beam technologies _aie less complex than prior art ultrasouné systems
and methods. For example, broad-beam systems and methods are not ;e#tfricted by the
use of transmit lines, scan lines or receive lines, aﬁd broad-beam systenis ;dnd methods
can generate multidimensional echolocation data from as few as one transnitted
ultrasound beam, Dependence onltfans.'mit lines and receive lines is eliminated
because broad-beam technologies do not require an ;Issumption that echo:'sfources aré
located along a one-dimensional line, such as transmit beam line 250 andiqi- a receive
Ime. Broad-beam systems and methods do not require multiple beam scanning or scan
lines to generate a two dimensional image. Also, unfike tr-le prior art, the resulting
echolocation data may result from a single transmi_rted ultrasound beam 1h’af may be
distributed over two dimensions, Using broad-beam systems and methods@ majority
of the received echo signals may be used for image generation.
[0052] Unlike pricr art embodiments, broad-beam systems and methods dai: not
necessarily depend on 2z transmitled ultrasound beam’s shape or width tc détermine the
resolution of echolocation data. This independence arises because broad-tieam

systems include no assumption that a transmitted ultrasound beam is approximated by
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.a transmft line or a column surrounding a transmit iine. Generally, ultrasound beams
(broad-beams) used in broad-beam systems and methods are wider than the finely

. focused ultrasound beam 170 used in the prior art,

[0053] Broad-beam systems and methods manipulate data differently 1h§ié1 the prior
art. Broad-beam systems:.and methods are baséd’on multidimensional da-convolution
algorithms that convert echosgs recaived at receiving fransducers into echdlfocation data,
thereby generating multidimension_ai- echolocation data from a single transrhitted
ultrasound beam. For example, in one embodiment a de-convalution algorithm
(calculation} affects a transform from two dimensional {time, ultrasound transducer) raw
data to two dimensional {X,Y position) echolocation data. The two dimensional {time,
Uitrasound transducer) raw data is optionatly generated using a single tmné{rnitted
ultrasound beam, and without assuming a transrnitlvline or areceive line. The two
dimensional echolocation data is distributed over an area requiring at legst two spatial
dimensions for representation. The data manipulatian included in broad-béfam systems
and methods is capable of using a single transmitted ultrasound beam to Froduce a
two-dimensional image conﬁgured for display on a display device.

[0054] . Broad-beam systems and methods take advantage of increases'if micro-
processor power and advances in integrated circuit technologies. Current rhicro-
processors are capable of performing broad-beam data analysis at a rate that is faster
than the rate at which individual ultrasound beams can be fransmitted and ;r‘eceiued
using prior art beam-forming technologies. While prior art technologies aré restricted by
the pulse retum time and the number of individual ultrasound beams neeed to image

an area, embodiments of the broad-beam approach leverage ongeing advinces in
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computing technology. Broad-beam systems and methods achieve image beneration
rates that are not primarlly limited by thie use of namowly focused ultrasou: nﬁ:i beams, as
in the prior art.

[0055] For example, in a conventional system imaging to a depth of 201) rﬁm. 128
transmit/receive cycles require 33.3 milliseconds based on a speed of scund of 1,54
mm/microsecond, This rate yields a frame rate of approximately 30 framesisecond with
an image resolution across the image area, perper‘)dicular to the axis of elefnent array
105, of 128 lines. In comparison, using an embodiment of the invention to'.ifmage the
same depth, a similar resolution can be obtained using five to seven transmiit/raceive
cycles requiring a total of 1.3 ta 1.8 milliseconds. These times limit the respiiting frame
rate to 769 and 549 frames/second respectively. In various embodiments, images, with
image resolutions of 128 lines as abave, are obtained in less than 25,17, 10, 5, or 2
miilliseconds. |

[0056] Some emhodiments of broad-beam technologies result in image:slilhiat minimize
the oceurrence of undesirable temporal anomaliesiéssociated with prior art scanning
processes, The multidimensional echolocation data derived from a broad-4éam
ultrasou_ﬁd beam is representative of a section of the materlal under investigpﬂon during
the short period of a pulse retum t'rrﬁe. Since this time is shorter then the 1imk required
to accomplish a two-dimensional (multipie beam) éoan in the prior art, the prbbability of
relative movement belween the transducers and the material under Investigation during
the data collection is reduced relative to the pricr art.

[0057] Broad-beam systems and ;'nethods do not depend on the prior ar: |

approximation that an ulirasound heam can be re;iresented by a line, such a’s beam line
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250. Therefore, the resolution of resulting echolocation data is nat a funct.ibn of
distance from a focal point, such as prior art focal points 230A-E. Broac-hidams are
typically wider, and capable of imaging areas larger, than each of the fncuﬂ:ed beams of
the prior art.

[0058] Since each broad-beam is capable of irr;aging an area larger than jbrior art
ultrasound beams, the number of ultrasound bean'i‘s required to image a sPlecific area is
reduced relative to prior art. Because fewer, such as only one, ultrasound| :beams are
required, broad-beam systems and methods may use less power to imaygea material
under investigation than prior syste'ms. Using less power decreases the afhount of
energy deposited in the material under investigatid_ﬁ, and decreases the amount of
electricity required to generate each image. Reduced electrical requireme_rits may
benefit devices using self-contained power sources, such as batteries.

[0059] Embodiments of bmad-beém technology incluce an area fonmhgf.":‘ process of
producing, receiving, and analyzing an ultrasound _.t-)eam wherein a set of ac¢holocation
data, distributed over an area requiring twa spatial dimensions for represahtation, is
generated using as few as one ulfrasound beam. The receive points at wHich echa
detection occurs and echolocation ;:Iaté is generated may be anywhere withiin the
prcbed region. The receive points optionally lie alélng a variable grid whosg granularity
and regularity vary with position. Othe_r embodiments of broad-beam techr;nblogy include
a vofume forming™ process, similar to area forming except tﬁat three spzata"él
dimensions are required to adequéte!y represent the echolocation data gzneraled using

as few as one uitrasound beam. Area forming and volume forming are ojstienally
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cambined with non-spatial dimensions, such as time and velocity to achieve
multidimensional forming™ precesses.

[0060] FIG. 4 Is a flow chart showing an overview of a broad-bearn methad according
to an embodiment of the invention and generally designated 400, Method: 400 begins
with a broad-bsam design"step 410 that includesudétermination of the num_tjer and
shapes of ultrasound beams (broad-bearms) needed to image an area o vBlume,
Within this step, desired characteristics of at least one of the determined brbad-bearms
are calculated and parameters for the broad-beam's generation are estadlished. The
desired characteristics of each broad-beam may include factors such as péSition,
direction, width, intensity, dispersion, uf the like. The parameters may inzlude voltages,
aperture functions, excitation delays, ana such.

[0061] In a transmit step 420, the broad-beam designed in step 410 is ganerated and
transmitted into a material under investigation. Transmit step 420 includesS'fgeneration
of an electronic waveform using, for example, a digital or analog waveform generator.
This waveform is coupled to multiple channels, each of which may be independently
delayed and amplified using devices such as a muiti-channel delay generator and a
multi-channe! power amplifier. Typically, delay ﬁmés are selected resporsie to the
desired shape, width and direction of the broad-beam. The amplified wavei&;ms excite
transducer elements 110 causing the braad-beam to be transmitted Into z rb’aterial
under investigation.

[0062] A receive step 430 uses transducer elements 110 ta detect echoas produced
by the transmitted broad-beam, Transducer elements 110 generate electrapjic signals

responsive to the detected echoes.’ The resulting electronic signals (analiy ichannel
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data) are optionally filtered using zn analog filter and digitized, typically with a multi-
channel A/D converter, to generate digitai channel data. In one embodimaft, the
channel data preferably includes bﬁth amplitude énd phase irllformation. Inia store data
step 440, the channel data is stored in a channel data buffer. This channalldata buffer
is located in memory such as RAM, .magnetic media, oplical media, or the itke.

{0063] An echo area calculation stép- 450 includes manipulation of the stoted channel
data using multidimensional de—_cor;vo!ution algorithms. These algorithms &re
mathematical techniques that transform the chann'el data into multidimensidnal
echolocation data, Echo area calculation step 450 can generate the mul:idimensional
echolocation data without using the transmit lines, receive lines, or scan Iimza}s that
characterize the prior art,

[0064] Method 400 continues with a store echolocation data step 460 whéirain the
resutting echolocation data are stored using an echolocation data array thatiutilizes a
pre-selected coordinate system. The echolocation data is typically located ih memory
such as RAM, magnetic media, optical media, or tha liks. |

[0065] In a step 465, method 400 tests whether fhe daté collection prociss is
complete (e. g. the data required to generate the desired image has been adllected). If
the data collection process is incomleete the method returns to broad-bezim idesign step
410 wherein another broad-beam is designed. If, at step 465, the data c¢ liection
process is complete an image may be generated in an optianal generate friage step
470 and displayed, on a display device such as a computer monitor, in an 'u;:ptional

display step 480.



(55) uoboooboooboaobod

[0066] In an altemative embodiment, broad heam design step 410 includés caiculation
of characteristics for several broad-beamns. In this embediment a return tb ’:étep 410,
between steps 465 and 420 is optional, The method may préceed direcily {from step
465 to transmit step 420 because the desired characteristics far a next brdéd-beam are
pre-caiculated in a prior instance of ;tepl 410.

[0067] FIG. 5 shows a brozd-beam systém according to an embodimert bf)‘the
invention and generally designated 5C0. A wavefo}m generatar 510, suchasa
programmable pulse sequence generator or the fike, Is used to generats sféctronic
signals, such as electronic pulses 210, that are later used to form a broad-_t‘h,keam
ultrasound beam, The electronic signals are individualty delayed, through g delay
device 515, in several signal channels with a set 01; delays that are configured to
generate an ultrasound beam with characteristics designed In step 410 o IG. 4. The
output of delay device 515 is coupled to a power amp'liﬁer §20,suchas a pwer
transistor, operatlonal ampliﬁer, high spaed FETY, of the like, where it is amplified and
passed through a transmit/receive switch 525. Tra{nsmitfreceive switch 524 loptionally
Includes a multiplexer 627 configured to couple input channels including signals
received from delay device 515 to output channels for transmission to a transducer
array 530, wh‘ich may he analogous to prior art element array 105. Transduker array
530 includes ultrasound transducer elements, sucﬁ as uitrasound transducéf elements
110A-110H, that generate a broad-beam by converting eleclrical signals retblued from
transmit/receive switch 525 to ultrasound pulses.

[0068] Transducer array 530 Is configured to trarismit the broad-beam intdia material

under investigation 535. The transmission of the broad-beam oceurs in step 420 of FIG.
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4. Echoes are generated in material under investigation 535 through interattions
between the broad-beam and ultrasound reﬂective'objects. such as tissué”and bone.
Transducer amay 530 receives the generated echoes and produces corrasgionding
electrical signals in step 430 of FIG. 4. These electrlcal signals, which are typically
analog electrical signals, are coupleﬂ through transmit/receive switch 52% u:s a variable
gain amplifier 540, such as a voltags regulated opérational amplifier, digitaly controlled
amplifier, amplifying transistor circuit, or the like. | _

[0069]  After amplification, signals'are passed through an optional analog fil!er 545 to
an A/D converter 550, where the amplified signals-are digitized. Analog filter 545 may
be any analog fiiter known in the art such as a ban:d—pass filter, a notch ﬁltér{ or the like.
A/D converter 550 is typically a commercially available analog to digital Cnan}terter. orthe
like.

[0070] The resulting digital data are stored, in step 440 (FIG. 4), in a charitiel data
storage buffer 555lwhere they are operated on by signal processor 560. Channel data
storage buffer 555 may be located in any starage system known in the ar. For
example, channeal data storage buffer 555 is optionally located in electronic. memory,
such as RAM, or magnetic or optical memary such as disc drives, compant disks, or the
like. The operations performed by signal processor 560 inciude echo arei talculations,
of step 450 (FIG. 4), that transfarm time domain data stored in channe! dzta lstarage
buffer 555 to echolocation data, such as raw data or detected data, that is stbred, in
step 460 (FIG. 4), in an echolocation data storage"SGS. From echolocation _data storage
565, data is optionally transferred to an additional data storage 570, or acessed by an

image canverter 575, Echolocation data storage 565 and addttional data ;tpfrage 570
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may be any suitable store devices such as electronlc memaery, magnetic qﬂ optical
media, or the like. image converter 575is analhgous to “image scan converters” of the
prior art, but may additionally operate on data gene_rated usiﬁg a single lJllf?sound
beam rather than data generated using a “scan” including several ultrasourid beams. In
step 470 (FIG. 4), image converter 575 may use data stored in echalocztion data
storage 565, additional data storage 570, or both to generate detected datd or image
data.

[0071] The image generation process may be analogous to prior art te::hjh}:iques of
image generation using echolocation data generated through beamforminglmethods.
For example, a 5pecific position in echolocation data storage 565 is optionglly mapped
{o a specific location on a display screen. Intens'rty.and!or colorof a 'posi‘timh within the
image may indicate the intensity or other characteristic of echoes detected.from within
material under investigation 535. This image is optidnally shown, in step ado (FIG. 4),
on a display 580 such as an LCD s_cul'eeri, CRT screen, computer monitor, alectronic
display, or the like.

[0072] Data used by image converter 575 may result from a series of ultrelsound
beams or alternatively from a single ultrasound beam. Data in additional dita storage
570 is coupled to oth_éf components of broad-beamn system 500 such as iridge
canverter 878, communications electronics 5§85 and user interface electrunics 590,
Components of braad-beam system 500 are controlled and coordinated by: cantrol
electronics 585 through connections not shown in FIG, 5. Cantrol electronids 595

include rnicroprocessors, DSPs, and optianal computer code 596 configured to control
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elements of broad-beam system 500 and execute methods of the invent ioéf: such as
broad-beam proce.ss 400.

[0073] FIG. & is a flow chart illustrating broad-beam design step 410 ancu‘rding to an
embodiment of the invention. [n this embodiment, calculations are perfcrmed using
compiter code 596 and mhy includ,é, for examp!;, mathematical models ofgultrasound
beam generation, propagation and echeing. In same instances lookup tables are used
to speed the calculation process. Far example, if a usér has indicated a specific depth
of analysis a desirable intensity is optionally determined from a lookup tabie. Broad-
beam design steb 410 begins with a Vcoverage determination step 610 in wHich the area
(ot volume) within rmaterial under investigation 535 to be investigated and 1:I-L|e time
period over whicﬁ the investigation is to occur is determined. Coverage deiferminaticn
step 610 may be respansive to options selected by a user and the requiraryents of the
current imaging (analysis) mode. Forexample, in a If}oppler imaging maidihe user
may choose continuous monitoring and a broad-beam characterized by & ¢éntinuous
sertes of ultrasound pulses. In another example, a user may choose to spohight a
region within material under investigation 535 using a restricted field of view, The
choice of a specific field of view is optionally used when calculating a width bf a
generated broad-beam. For example, widths of brpad-beams may be se ected such
that an integral number of broad-beams fit, with 10% overlap, into a chasan'fleld of
view.

[0074]  Also, coverage determination sfep 610 may determine a number of |rroad-
beams required to image an area (or volume) within materia;l under inves-igation 535.

Faor exampie, in one embodiment coverage datermination step 610 include;ia
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calcuiation configured to simulate coverage in the far field that deiermir.e.'a::ihat an area
is best imaged using three broad-beams dispiaCEdl from each other using block-
switching techniques. In other embodiments the calculation determines th'.',ai an areais
best imaged using one, two or more broad-beams. When the user has selbcted a mode
of operation that includes Several different braad-beams, repeated imaging:or
continuocus monitoring, coverage determination Ste.p 610 s optlonally perf{:lfmed ance
for each broad-beam.

[0075] Coverage determination step 610 is foliowed by a characteristic dptermination
step 620 in which further characteristics of broad-team(s) determined in chiverage
detemination step 610 are specified, These characleristics include, but a¢ not limited
ta, ultrasound frequencies, direction, dispersion, pulse shape, phase refatiénships,
aperure, intensity, duration, repetition rate and/or other properties of an ulffasound
beam. The characteristics are typically dependenf"oh the imaging mode of analysis
being performed, the required resoiution, and options selected by a user. Fbr example,
a continuous monitoring mode may require a broad-beam generated at e Sf::.iacific pulse
rate, high resolution may require use of multiple ultrasound frequencies, and a user may
choose lo investigate a narrow region best pmbed'_by a broad-beam with Iu‘:v‘y dispersion,
In addition to the characteristics digcussed above, characteristic determinatibn step 620
may include selection of a coordinate systern with which ta represent the aréa covered
by the broad-beam and an origin of this coordinate system. Such a coordinate system
may be used to store echclocation data. Se!actiori_ of a coordinate systern ¢é optionally
responsive to the éhape of a broad-beam. Examples of possible coordinatesystems

are illustrated in FiG3. 7.
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[0076] Coverage determination step 640 and characteristic deterrninatic;:ri step 620 are
optionally responsive to resolution and dynamic range requirements. For éxample, in
one embodiment these steps are résponslve to user input that specifies arl image
2oomed in on a specific area. In another embndirr'!ent these steps are resiéonsive to
user input that specifies a‘higher irﬁage-resolutié?t for part or all of an fma'gé. In another
embodiment coverage determination step 610 includes a determination thst a single
ultrasound beam should be generafed but that, for instance to snhance resolution, the
achoes generated by the single ultrasound beam éhcu!d be detected by sbveral
different sets of receive transducers in multiple transmit/receive cycles.

[0077]  Coverage determination step 610 and charactoristic deferminatiof:step 620 are
optionally responsive to feedback éenérated In other steps of the invention. For
example, in one embodiment, echolocation data In',dlcates that a region of the covered
ared is poorly imaged and that the poor imaging is caused by a highiy refléctive
boundary disposed between the poorl;,f imaged reglon and the closest of t:rdnsducer
elements 110, In response to this f‘eed'back, coverage determination step 610 and
characteristic determination step 620 include deﬁn'ing a steered broad-bearh that probes
the region from alternative ultrasound transducers that are not inline with mb reflective
boundary and the region to be probed,

(0078] Broad-beam sslection ste;; 630 Includes selection of a broad-bear for
transmission. The broad-beam is selected from those defined in characterfétic
determination step 620, If several broad-beams have been characterized m
characteristic determinalion step 620 then broad-beam selection step 630 is optionally

performed more than once before the next accurrence of characteristic deqa:rmination
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step 620. In such a case broad-beam selection stop 630 is repeated after step 465 of
FIG. 4. '

[0679] Broad-beam design sfep 410 concludes Wiih a calculate excitaticr:nl‘step 840,
Calculate excitation step 640 mcludes determmmg the proper physical pargmeters
required to generate the broad heam selected in broad-beam selection step 630.
These physical parameters mclude' for example, which transducer elemerilts 110 to
excite, electronic pulse voltages, pulse delay times',,- multiplexer 527 settings, and/or the
like. For example, in one embodiment a selected ultrasound beam, having:.lb particuiar
desired shape and direction, requires use of a specific set of transducer elements 110,
excited by a particular electronic wéveform characterized by amplitudes, frélguencies
and phases, each of the required set of transduceﬁéiements 110 being excited with an
appropriate delay. The proper physical parameters are determined., for example, using
a mathematical model to calculate a'voliage, wavefor;'n, and delay used for &xciting a |
particular member of transducer eléments 110. In one embodiment the voltage is
;'esponsive toa disténce into the material under in{festigation 535 the broad{beam is
expected to penetrate,

[0080] - FIGS. 7A-7C show embodiments (710A~ 710C) of a broad-beam 710
determined in coverage determination step 610 and characteristic determinition step
620. FIG. 7A shows broad-beam 710A generatedlusing a linear embodimenit of
transducer armay 530. The area of an insonifled region, generally designated 715A, is
optionally represented by a radial (B:R) coordinate system with an origin 724 located at
the surface of transducer elements 110. Points within insonified region 715 are

identified by their cistance (R) from an origin 720 and their angular coordingte (8)
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refative to transducer array 530 or an axis, such as an axis 730 or an axis %35 in
alternative embodiments the focat point of broad-beam 7108 is lecated béﬁind
transducer array 530. rather than in front of transducer elements 110 as shown in FIG.
2.

[00B1] FIG. 7R shows bréad-beam 7108 generated using a curvilinear efrbodiment of
transducer array 530. An insonified region, generélly designated 7158, is é:’ptionally
represented by a radial coordinate system with an origin 755 behind transducer array
530. This origin location provides insanffication of more area preximal to trdnsducer
elements 110 than an origin location closer to transducer array 530 as shown in FIG.
7A. The location of origin 755 behind transducer r-.;rray 755 is optionally indépendent of
the shape of transducer array 755. Embodiments of the invention also include, but are
not limited to, positioning origin 765 and/or a focal paint behind a linear embiodiment of
transducer array 530.

[0082] FIG. 7C shows broad-beam 710C that resulls in an insonified regidn, generally
designated 715C. Insonified region 715C is more rectangular in shape than|those
generated by broad-beam 710A an_d' broad-beam 710B, shown in FIGS. 7A and 7B,
I‘especﬁyely. The region insonified by broad-beam 710C may be preferably represented -
by a Cartesian (x,y) coordinate system 780 because of the region's rectangidlar shape.
[D083] In contrast with the prior art, where the maximum intensity is foundfé'gt the center
aof an ultrasound beam, the maximu_rﬁ intens‘rty of a broad-heam, such as broad beam
7108 or 710C, may be at points other than along the beamn's center, FIG. YD shows a
plat 790 of ultrasound intensity through a cross-section of broad-beam 71 OGias

measured at a distance from transducer array 530, approximately equal to Hz the width
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of the beam’s aperture. This cross-section is indicated by a dashed line ?és in FIG. 7C,
In some circumstance, the intensity profile of a broad-beam represents a more desirable
energy distribution thaﬁ those found in the prior art. For example, the energy
distribution illustrated by plot 790 is more evenly distributed over insonified region 715C
than the energy distribution within a prior art Ultrasound beam in the regior !rof a focal
point,

{0084]) FIG. & shows details of an'embodiment of transmit step 420 of FIGL 4. Inthis
embodiment, step 420 includes a waveform generation step 810 in which w:aveform
generator 510 is used to generate an electrical wa-lfeform with characteristids calculated
in broad-beam design step 41C. The generated waveform optionally includés a plurality
of pulses of varying frequency or phase. In a signal delay step 820 the genérated
waveform is reproduced in several signal channels'and delayed, using dlelziy device
313, by times determined in broad-beam design stép‘410. Waveforms in edch signal
channel are amplified in an amplification step 830 using power amplifier 520, The
amplified waveforms are coupled through multiplexar 5§27 in a multiplex step 840.
Muttiplexer 527 is sel to direct the waveform in each signal channei to oné p[r more
membe; of transducer elements 110 in transducer array 530. in sound gen‘ératic;n step
850, the directed waveforms cause transducer amay 530 to generate broad:l.-bearn 710,
which is directed into material under investigation 535. Sound generatian step 850
completes transmit step 420,

{0085] FIG. 9 shows details of an embodiment of recsive step 430 of FIG.# in which
echoes are detected and converted to digital data. In a st switch step 910 .

transmit/receive switch 525 is set such that signals produced at transducer plerments
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110 are coupled through multiplexer 527 to variabie gain amplifier 540, In én echo
detaction step'920. echoes {rom within material under investigation 535 arel detecied by
members of transducer elements 110 in transducer array 530. The membels of
transducer elements 110 used for dstection of echﬁes is optianally d'rffereniithan the
members of transducer elé'ﬁuents 110 used to transmit broad-beam 710. Inivarious
embodiments these two sets of transducer elements 110 are configured a fumber of
ways. For example the sets may be idertical, intedeaved, overlapped patjaliy alang
transducer array 530 or not oveﬂapbed along Uan;ducer array 530. The el'ectrunic
signals resulting from the detected echoes ara coupled to variable gain amyglifier 540
because transmit/receive switch 525 was set in set switch step 910.

[0086] The electronic signals coupled fo variablz ‘gain amplifier 540 are arﬁpliﬁed ina
variable amplification step 930. Variable amplification step 930 optionally l;l;lbfud&ﬂ
feedback based on data obtained using é prior braad-beam 710. The feedbbck
provides adaptive processing and can be used to adjust signal within each thannel
such that the dynamic range of subsequent data njénipulalion steps are mebimized.
For example, In une embodiment, If previous execution of variable amplification step
930 resulted in the saturation of a specific channel, then amplification in that/channel is
optionzlly reduced in a following ex‘ecution of variable amplification step 93(:‘}; The
reduclion, or adaptive front end gain is compensat'éd for in later data maniptdation that
cccurs after digitization of the amplified signal. tn anéther embodiment, tranisducer
elements 110 near the center of transducer array 53C are found to systematically

respond to echoes more strongly than transducers elements 110 near an edge of
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transducer array 530. Variable amplificaticn step 930 optionally includes ér%mpensation
for this systematic difference.

[0087] In an optional analog filtering step 940 the.e!ectronic signals, amplfﬁed in
variable amplification step 930, are processed using analog filter 545, This|processing
includes, for example, I/O.'mixing, rémoval of un\;tanted frequenciss and sﬁiﬁing of
signals into frequency ranges more suitable for further data manipulation.

[0088] [n a data conversion step 350 the electronic signals, opfionally filt{i_e:red in analog
filtering step 940, are digitized using A/D converter 550. The generation of Higital data
completes receive step 430 (FIG. 4). In varlous embodiments data converglion step 950
occurs at alternative times within broad beam process 400. After the com;@(etion of
receive step 430 the resulting digital data is stored, in store data step 440 (F1G. 4), in
channel data starage buffer 555. |

(0089] FIG. 10 shows an embodiment of a channel data array 1000 conﬁ;i;Lred to hold
the digital data stored in store data step 440. Chaijnel data array 1000 is stbred in
channel data storage buffer 555, A first axis 1010, of Channel data array 1600 is
indexed by echo receiving members of transducer array 530. A second axis 1020 of
channel data array 1000 is divided }nto time channels. Values stored at each location in
the array indicate the intensity and phase of echo é_igna!s detected by a spc:ei:iﬁc
member of transducer array 530 at a specific time.

[0090] Channel data storage buffer 555 optionally includes several channgl data array
1000. Additionally, the information-stored in channel data array 1000 may b'e used to
average or sum received signals. in various embd_diments channel data arféy 1000 is

configured to store multidimensional data. For example, in one embodiment transducer
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amay 530 is a two dimensional array of transducer elements 11C. In mis'éfnbodiment
channel data amay 1000 includes two axis representing the two dimension of
transducer amay 830 and one axis representing time channels.

(0051} Echo area calculation step 450 uses data stored in store data stéfng 440 to
generate echolocation data indicatiﬁg the posrtions"'and strengths of echo sources within
material under investigation 535. This generatian of echoiocation data indudes
fransformation of multidimensio_nal fim&channel data, within channel data array 10c,
to multidimensional positional (echbroc'aiion) data. For example, in one embaodiment
two-dimensional time-channel data is transformed 'into echolocation data relpresented
by two-dimensional spatial coordinates. The data transform of acho area ¢alculation
step 450 is performed using a variety of alternative transform algorithms, axamples of
which are disclosed herein, These'trarisfcnns are optionally used to genei;ite two-
dimensiorial echolocation data using sig.nars recei\ijed as the result of a single broad-
beam 710. In an altemative embediment echo area calculation step 450 I‘: teplace by
an analogous echo volume calculation stop including an additional spatial {imension.
Echo Volume calculation includes the generation of thres-dimensional echéjocation
data using signals received as the result of a singlél broad-beam, the broad-beam
covering a three dimensional volume,

'[00921 FIGs. 11A and 118 show two embediments of an echolocation datd array 1100
stored in echelocation data storagé 365 and configured to store positional data resulting
from echo area calculation step 450. Thase two erhbodiments employ different
coordinate systems. As discussed in further detail below, the more efﬁcient.éoordinate

system may be dependent on, amorig other facters, the shape of an individyal
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ultrasound beam 710. In most instances, a more sfficient coordinate syster:‘n will cveray
closely with the area being insonified. For example, as shown in FIGs. TA-f?C. the area
insonified by broad-beam 710A, broad-beam 7108 and broad-beam 710C are each
preferably represented by different coordinate -systéms with different arigins. Use of a
more efficient coordinate s"ystem may increase sampling efficiency and sp@tial
resolution. Selection of a preferred ﬁoofdlnate system and echolocation data array
1100 may be responsive to the shape of an ulirasound beam, such as bmzﬁc:l-beam 710,
and optionally occurs in steps 410, 440 or 450.

[0093] - FIG. 11A shows an embodiment of echolocation data array 1100 ling a
Cartesian coordinate system iﬁclud Ing a first axis 1110 indicating an X coofdiinate
(position} and a second axis 1120 indicating a Y coordinate (position). FIG.111B shows
an alternative embodiment of echolocation data array 1100 using a radial cdordinate
system incTuding first axis 1110 indicating an angle (é) cocrdinate and secand axis 1120
indicating a radius coordinate. Altemative embodiments of echolocation dita array
1100 are represented by alternative coordinate systems. Additionat data, nét shown, is
optionally used 1o relate first axis 1110 anc second axis 1120 to transducer: array 530,
For example, echulocation data array 1100 is optionally characterized by vectors
relating the origin of each coordinate system to a specific member of ultrasptind
transducer elements 110.

[0094} FIGs. 12A and 12B illustrate how use of 0;13 coordinate system mzi}{/ be more
efficient than use of another coordinate system. FIGs. 12A and 12B show the
embodiments of echolacation data array 1100 shown in FIGs. 11A and 11B,

respectively, overaid on an ultrasound beam 1210, Ultrasound beam 1210t is an
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embodiment of broad-beam 710. EIG. 12A shows a Cartesian _coordinate# ;system
Including, for the purposes of illustration, eleven “X" divisions separating data bins 1220.
Data bins 1220 are just adequate to cover the far field, generally designated 1230.
Because the spacing of data bins 1220 in the X dimension is the same in the near fisld,
generally designated 1240;.'51 numbc;r of data bins 1220 in near field 1240 are mapped
to area that is not probed by ultrasound beam 1210. These data bins 1220 inot mapped
to probed area, represent inefficient sampling of the material under investIQétion 535,
[0095] In contrast, FIG, 12B shows use of a radial coordinate system to répresant the
area insanified by ultrasound beam 1210. In the radial coordinate system tﬁe size of
data bins 1250 vary as a function of the “R” coordinate. Data points in this embodiment
of echalocation daﬁa array 1100 are, therefore, more efficiently mapped to the area
probed by ultrasound beam 1210, than the embodiment of echaolocation data array 1100
shown in FIG. 12A. The variation of data bin 1250 size increases efficiency because,
as shown in FIG, 12B, a greéater fraction of data bins 1250 within data array 1100 fall
within the area covered by ultrasound beam 1210.'7

[0096] The granularity of data bins is dynamic. In some embodiments ecigl'o[ocation
data aay 1100 represents a Nyquist sampled space wherein the density of bins 1250
is varied such that the number of samples just satisfles Nyquist criteria for yn aliased
samgling throughout a region of interest. In some émbodiments the density of bins
1250 is varied such that the resolution of resulting echalocation data is gredterina
specific region. For example, in one embodiment 3 user specifies a particuldr region
where more image detail is desired. In response, broad-beams systems and methods

use an echolocation data array 1100 with greater density of bins 1250 in this region,
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1_0097} Some embodiments of the present inventibn include extrapalatiort ;L:md
interpolation between data bins 1250. For example, in one embodiment intErpoIation is
used in the far field, where each of data bins 1250 represent a greater areal to increase
the density of echalocation data. dptionally. less interpalation is used in tr;e near field
were the density of data bins 1250 is greater,

[0098] The resolution (sampling frequency) of channel data generated in I'ri'eceive step
430 fundamentally limits the resoluticn of resulting echolocation data as a résult of the
Nyquist theorem. However, the res:olutiOn of data generated in receive stag 430 is
optionally improved through signal averaging or uﬁ;sampling techniques. Up-sampling
techniques include the use of additlonal data and optionally include feedbaidk such that
additional data is collected in regions where improved resolution is most needed,
[0099] FIGs. 13 through 15 are used 'to show embadiments of echo area Balculation
step 450 (FIG. 4). FIG, 13 shows propagation of dltrésound between transducer
elements 110A-1108, and ultrasound reflacting objects within material und:eir
investigation 535. FIG. 14 shows channe! data produced from detected ecHoss. And,
FIG. 15 shows echoloeation data generated using the channe! data shown jn FIG. 14,
[00100]. In several embodiments of echo ares calc-uIation step 450 include 'd,ata
transform methods it is assumed that the primary contributar to detected echoes from
each location within the maferia] uqder investigation 535 is the member of wansducer
‘elements 110 closest to that location. This element is referred to as the mayih
contributing elemant {MCE), Typically, the membér of transducer elementsi 110 that is
closest to g location is the MCE for that particular location, and any uftrasound reflective -

abject at that logation. However, the identity of the MCE may also be depehdant on the



(70) uoboooboooboaobod

direction of broad-beam 710 and the shape of transducer array 530. In such a case, the
MCE may not be the transducer element 110 closest to the particutar iocaqi{:m. The data
fransform methods, of echo area calculation step 450 (FIG. 4'),C|pti0nally lnp::flude broad-
beam 710 direction, transducer array 530 geometry, feedback, as well as dther factors
for determining an MCE that is not tﬁe closest rnérﬁber of transducer elemF'hts 110 to
an ultrasound reflective object.

[00101] FIG. 13A shows uifrasound 1305 transmitted from a single transduéer elerent
110G. Ultrasound 1305 travels through material under investigstion 535 (At shown)
until it strikes an ultrasound reflecting object 1310A. Transducer glement 110G is the
closest of transducer elsments 110A-1108 to ultrasound reflecting object 1_’510#\, and is
therefore considered to be the MCE for reflecting object 1310A. At ultrasouhd reflecting
object 1310A, ultrasound 1305 generates ultrasound echoes 1315 of which ultrasound
echoes 1315A-1315F are shown. Ultrasound echoes 1315 propagate backlto
transducer elements 110A-110S where they are detected.

[00102] Afthough FIG. 13A shows Ultrasound 1305 transmitted from one traihsducer
element 110G (the MCE), in most embodiments urf(rasound s transmitted thém 2
plurality_ of transducer elements 110A-1108 du ring the formation of broad-heam 710.
FIG. 13B shows uitrasound 1330 genérated by a single transducer element110Q,
which is the MCE for an ultrasound reflacting object 13108, Echoes 1340, of which
ultrasound echoes 1340A-1340F are shown, gene'réted at reflecting object 1310B travel
back to and are detected by transducer elements 110A-110S.

[00103] FIG. 14 shows an embodiment of channel data array 1000 inc!uding data

generated by ultrasound 1305 and .ultrésaund 1330 shown in FIG. 13. Eachlof columns
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1410A-14108 in channel data array 1000 represents signal(s) detected at one of
transducer elements 110A-110S. Each of rows- 1420A-1420U in channe! data array
1000 includes thie signal detected during a specific time period. In FIG. 14 data
elements 1430, that included dala generated by detection of echoes 1315 and 1340,
are those data elements 1430 that _iﬁtersect a data locatian line 1440A or a data location
line 144CB, respectively. Thus, ultrasound echoes generated from a reﬂe'q'u‘ve ohject,
stch as ultrasound reflective object 1310, within material under investigatigh 535 result
In data that lies along a line, such as data location lines 1440A or 1440B. (iata location
lines 1440A and 14408 can be calcuiated from first principles of physics and geometry
using a known geometry of transducer array 530 and the speed of sound wl"thin material
under investigation 535. Data location lines 1440A and 1440B do not intersect the
MCE, transducer element 110G, nor typically any other transducer element %10. In
practice, material under investigation 535 includes nu}nerous ultrasound reflective
objects 1310, and channel data aray 1000 includes data generated by eacH.

[00104] Ir embodiments of echo area calculation step 450, echolocation data is
calctiated by summing data along a line such as data location line 1440A, data location
line 14498. orthe like. For example, sufnmation of data along data Iocatiqn{lina 1440B
generates a resultindicative of the magnitude of echoes 1315 generated anithe position
occupied by ultrasound reflecting object 13108 and represented by a data in, such as
data bin 1220 or data bin 1240. The sum is stored in the representative dala bin, A
simitar summation is aptionally performed for each data bin in echolocation data array

1100. Through multiple surmmations echolocation data array 1100 is pru!:?’Ied with
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echolocation data representing ultrasound reflective abjects within materiéliunder
investigation 535, '

[00105] FIG. 15 shows an embodiment of echolocation data array 1100 including
echolocation data bins 1520. Each of echolocation data bins 1520 is assogiated with a
unique line, such as data location ]ir;e 1440A, In channel data array 1000 a*jé_ shown in
FIG. 14, Data along the unigue line is summed to ;:alculate the magnitude &f echo
generation that occurred at the physical locations represented by each of data bins
1520. This summation is optionally performed for all of data bins 1520 and thus can be
used fo calculate echolocation data over the entire echolocation data array; { 100,
[00106] FIG. 16 shows 3§ data transform methad included in an embodiment of echo
area calculation step 450. This embodiment includes a select element step|1610 in
which one of echolocation data bins 1520, within echolocation data amay 1;1f00, is
selected. Typically, selection of each of echolocation data bins 1520 is acdomplished
by traversing echaolocation data array 1100 in 2 systematic fashion. Select 'g}lement slep
1610 Is followad by a determine line step 1620 in which the unigue line in channel data
array 1100 associated with the selected echalocation data bins 1520 is detérmined.
Determination is accomplished by calculating the li_he from geometric principles, using a
look-up table with previously calculated lines, or the like. Determination My ocour
before or during echo area caleylation step 450, |n various embodiments determination
occurs prior to or during broad-beam design step 410. In alternative embodiments,
determination occurs during steps 420, 430, and!o'f 440 (FIG. 4). Determing line step
1620 is followed by a sum data step 1630 that includes summation of data from data

elements 1430 that infersect the line determined in determine line step 16200 Inone
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embodiment sum data step 1630 includes a simple addition of data. In alte.frnative
embodiments sum data step 1630 includes use of weighting Funetions, marix
manipulation, extrapalation, interpolation, or like mathematical techniques. iIn ona
embodiment surmn data step 1630 is facilitated by firmware within control elctronics 595,
'n a store result step 1640 the resulf of the summation of step 1630 is ston&aid in the data
element selected in select element step 1610.

[00107] Steps 1610 through 1640 are optionally repsated for all echolocatign data bins
1520 in echolocation data array 1100. FIG. 15 shgius two sets (1550 and 1560) of
echolocation data bins 1520 including non-zero values resulting from sumiHation alang
data location lines 1440A and 14408 using the method shown In FiG, 16. Each set
{1550 and 1560) of echclacation data bins 1520 typically include echoiocat'ibn data bins
1520 with differing non-zero values. In several em_bodiments one or more Fif steps 1610
through 1640 are perfarmed as paralle! processes.

[00108] Alternative embodiments of echo area calculation step 450 include lalternative
methads of data transformation. These methods use, for example, calculations
performed in the frequency domaln, use cf phase :'jélationships between received
signals, use of apodization functions to weigh contributions of each of transducer
elements 110, feedback mechanisms, correlation analysis and consideratiq’h of
transmitting transducer elements 110 other than the MCE. These other traflsducer
elements 110 are used to improve both the quality'.and speed of the transf¢smation from
channel data to echaolocation data.

[00109] In cne embodiment, echo area calculation step 450 includes use d_F'an

apodization function to weigh contributions of each transducer element 1 1(}.i Weighting
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may be desirable because those transducer elements 110 closer fo an MéE receive
stronger echoes from a parti§u13r réﬂective object 1310 than do transducerielements
110 further from the MCE. Signals detected at an ’;MCE and the transducan elements
110 nearby are therefare given greater weight than transducer elements 110 further
from the MCE.

[00119] FIG. 17 shows three alternative apodization functions according te-
embodiments of the invention. Graph 1710 illustrates these three alterative
apodization functions, designated 1720, 1730 and 1740. For example, if {fansducer
element 110G is the MCE for ane of data elements 1430 selected in select element step
1610 of FIG. 16, then apodization fﬁncﬁon 1720 is used in sum data step 630 such
that the resulting sum includes a greater contributiip.n from transducer elements 110
near transducer element 110G. Likewise, for summations wherein transduger elements
110K and 1108 are the MCE, apodization functions represented by lines 1780 and 1740
are optignally used.

[00111] In alternative embodiments, echo area callculation step 450 is perff)'rmed at
least in part in the frequency domain. Dala Is converted using invertible transforms, for
example sine transform, Fourer transform, wavelet transform, or the like.

[00112] In some embodiments of c-:-lmn area calculation step 450 phase reiéftionships
between received signals are used to distinguish Between those signals restlting from
ultrasound transmitted by the MCE and those signals resulting from secondary
contributing elements (SCEs). SCEs are transducer elements 110, other than the MCE,
that contribute to signal arising from a given ultrasound reflactive object, sut:‘jh as

ultrasound reflective object 1310,
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[00113] FIG. 18 shows ulirasound 1810 and 1305 transmitted from wnsdﬁcer elements
110F and 110G and striking ultrasound reflective object 1310A. Transducér element
110G is considered the MCE for ultrasound reflective object 1310A becausg it is the
closest member of transducer elements 110. In alternative embodiments g closely
grouped set of transduceré are treated jointly as ;n MCE. Other transducér elements
110, such as transducer element 110F, also generate ultrasound that can reach
reflective object 1310A. In this example, transducer element 110F is a SCE.

Ultrasound must trave! further from these (SCE) transducer elements 110 than from the
MCE transducer elements 110, before reaching ulirasound reflective objecti1310A. As
with the ultrasound generated by the MCE, ultirasound from the SCEs genérate echoes
when striking ultrasound reflective object 1310A. Some of these echoes are detected at
transﬁucer array 530,

100114] FIG. 19 shows locations of signals generatea by SCE transducer éfement 110F
in channel data array 1000. These signals lay aloﬁg a data location line 1EH 0 similar to
data location line 14404, but at a slightly fater time. The time difference batween data
location lines 1440A and 1910 is due to the difference in time required for ultrasound to
travel to.ultrasound reflective object 1310A from transducer element 110F éi_hd from
transducer element 110G, Itis desirable to distinguish data resulting from SCEs from
data resulting from an MCE. Although signal from the MCE is typically stroﬂgerthan
signal resulting from SCEs (due to the longer distance ultrasound must travel), the
signal from the SCEs is additionally differentiated by a phase difference thati results
from the difference in distance traveled, Cunsideriﬁg signals only with spegific phases

allows signals resulting from SCEs to be separated by filtering. For exam;j(é. in one
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embodiment SCE signal is filtered out by more than 10 dB and in some embodiments
by more than 38 dB.

[00115) [n various embodiments, data resulting from SCEs are used to imprave results
abtained in echo area calculation siep 450. For example, in some embodiinents, data
resutting from an SCE is added to data resulting from an MCE. Thus, datailaying along
data location line 1910, as shown in FIG. 19, is added to data laying along, Hata location
line 1440A. The data [aying along d'at‘a location line 1910 includes data rasulting from
ultrasound generated at (SCE) tran'sducer element 110F and echoed from reflecting
object 1310A. After a phase adjustment and weighting this data may constructively add
to deta laying along data location line 1440A, and thus improve the signal tb noise ratio
of echolocation data indicating the presence of reflecting object 1310A. Typically, SCEs
closest to an MCE ‘are given more weight than SCEs further away. For exdmple, one
embodiment uses a Chi Squared weighting distribﬁtibn, centered on the MCE to
determine weighting of neighboring SCEs, In another embodiment the weighting
distribution is responsive fo feedbagk algorithms that reduce the weight of SCES whose
signal in channel data array 1000 averlap with a étrong MCE signal.

[00116] .In other embodiments signal resulting fror;r an SCE is subtracted from signal
resulting from an MCE. For example, if a large MCE signal is detected alorg data
location line 1440A as shawn in FIG: 18, then a correspondingly large SCH 'signal will
be expected along data location jine 1910. Since the corresponding SCE signal is
predictable and approximate values can be calculated as a function of the MCE signal,
the calculated values can be subtracted from channel data values stored inidata

elements 1430 before these data values are used to calculate values for other
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echolccaﬁqn data bins 1620, Consideration of data resulting from SCEs tt;;a improve
echo area calculations optionally oecur as part of sum data step 1630 (FIG. 1€).
[00117] Several embodiments of echo area calculation step 450 use feedtack. ~or
exampla, in one embadiment caleulated echolocation data is processed in.a ‘reverse”
data transform using techﬁiques that prodL:oe a simulated echo signal (simulated
channel data) based on the calculated e.c:holocatinn data. This reverse traﬁsform
produces a simulation of the channet data that would be expected if the caltulation of
echolocation data was optimal. The reverse transform is opticnally preformied using
ray-fracing methods known in the art. The simulated channel data is compared with the
actual echo data stored in channel data array 1000, Similarity betwesn the@lé_e twa data
sets Is Indicative of the quality of the calculation used to produce the echolocation data.
In an optional iterative process, the calculation of écholocation data is repe;ited using
varying parameters responsive to this similarity. Th\eée parameters may include
different weighting factors, apadization functions or SCEs, manipulated to 'thirnize the
similarity between the data in channel data érray 1000 and simulated echo signals.
[00118] [n other emhodiments feedback includes L;se of echolocation data o control
broad beam design step 410. For example, In one embaodiment the directich of an
ultrascund beam designed in step 410 is responsive to the location of reflective
boundaries in material under investigation 535. In other examples, the foc:nfgs, width,
frequency, intensity, or number of beams designea in step 410 are respansive to
calculated echolocation data.

[00119] Several embodiments of echo area calculation step 450 include data

transforms employing correlation analysis, Correlation methods are known, in the data
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analysis art and are useful for enhencing similarities and making oompan's"tjans betwean
data. Correlation is particularly useful for camparir‘{g data that systematically differs, for
example by a change in phase. A cross-correlation analysis of two data sebs, differing
by a constant degree along one cooidinate identifies the constant difference and the
similarity of the data after accountlng for that difference An auto-correlatmn analysis of
a data set exemplifies periodic or repetitive mgnalSwnthm the data.

[00120] FIG. 20 shows an embodiment of echo area calculation step 450 tHat includes
a cross-correlation method used to identify components of SCE data that ddrrelale well
with MCE data. In a calculate cross-correlation step 2010 data laying alor.qi a line, such
as line data location 1440A (FIG. 14), associated v.uith an MCE Is cross-casrglated with
data laying along a line, such as data location line 1910 (FIG. 19), associatéd with an
SCE. Each of these sets of data is 6ptio'nally pre-processed using a functipn such as
apodization function 1720. The cross-correlation gen-erates a correlation dita set that
can ke expressed as a function of phase d'rFference verses similarity betwae:n the two
data sets. In a calculate phase difference step 2020 the expected phase difference
between the MCE data and the SCE data is calculated based on a known feometrical
relationship between the MCE and the SCE. In a laok-up step 2030 this calculated
phase difference s used to look-up a simiarity value in the correiation dats, set
generated by the cross-correlation, at that specific phase difference. in the correlation
data set. The similarity value, corresponding to the phase difference calcul:e';ted in
phase difference step 2020, is indicative of how useful the SCE data can bgyin
improving the signal ta neise ratio of the MCE data because more similar SCE data is

more likely to constructively add to the MCE data. In a decision step 2040 the similarity
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value is compared with a predetermined threshold; if the similarity value i:e,:{greater than
the threshold then the SCE data is added to the MCE data in an add data step 2050. if,
in step 2040, the similarity value is found to be less than the predetermined|threshald,
computer cade 596 determines, in a decision step 2060, If further analysis 'of the
particular SCE data set is warranted.. Furiher analysis may be wamanted if, for
example, nearby SCEs are vet to be examined or i.f a user has requested 4diditional
impraveiment in the signal to noise ratio. If not, the analysis of this particutat SCE data
set is concluded. If step 2060 determines that further analysis is warranted then the
SCE data set is processed in an optional filter sleg 2070. The processing.in step 2070
includes filtering, truncation ar similar means designed to enhance the corljponents of
the SCE data set that correlate well with the MCE dala set. For example, 'n one
embodiment an alternative function, such as apodization function 1740 is anplied to the
SCE data sel. The steps shown in FIG, 20 are cptli'on'a[ly applied to more than one SCE
data sef,

[00121] Echolocation data generated using alternative embodiments of eciid area
calculation step 450 are optionally i:crnpared. and the comparison may be (ised to
determine the consistency of calculations or to provide feedback. For examble, in one
embodiment two repetitions of echo area calculation step 450 incjude consi,deraticn of
different SCEs. The accuracy of these calculations are checked by comparing the
results of each repetition. The c!os‘er the results the more likely the use of SCEsis
producing an accurate result. In another example,:-echolocaticm data calcui_é,lted using
two different embodiments of echo aréa calculation step 450 are found to ba

significantly different. These differences are used as feedback effecting othér steps in
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the broad-beam technolegy. For example, irreproducibility of echolocationdata in a
specific region is cptionally used to provide feedback to broad-beam desigh step 410
such that a characteristic (intensity, frequency, direction, etc.) of a broad-héam prohing
that region is modified.

[00122] Data stored in echolocation data array 1100 is optionally used in g:enerate
image step 470 (FIG. 4) generate images of material under investigatian 535 that can
be displayed to a user. This generation and display is accomplished using image
canverter §75 and display 580, respectively. Since Mo dimensional data ¢an be
generated from a single ultrasound beam using broad-beam techniques a hvo
dimensional image can be generated from a single ultrasound beam. In v#riious
embodiments this capability increases the image frame rate relative to prioi'iart methods
bacause an image is produced in a tme limited bya single pulse return time, or _
optionally the return time of a few pulses (i.e. <5, <1 0 <20, <40 ar <B4), raﬂher than the
many (i.e, >100) pulse return times of the prior art. Benefits of generating ah image
from a single ulrasound beam include possibly reducing fitter In the resuiting image
bacause, relative to the prior art, there is less time for relative movement belween
transducer amay 530 and matetial under investigation 535 during the perioc_l}data is
collected. Generating an image from a. single ultrasound beam may also reduce the
amount of ultrasound energy directed into material under invesligation 535 'and the
amount of electrical power required 1o generate an image.

[00123] From the description of the various embaodiments of the process arit:i apparatus
set forth herein, it will be apparent to one of ordinary skill in the art that var‘uigﬁons and

additions to the embodiments can be made without departing from the pringinles of the
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present invention. For example, transducer elements 110 can be replaced by
altemative ultrasound generating elements and transmit/receive switch 51 Sican be
replaced by separate transmit and receive switches. The number of transdiicer
elements 110 shown in the FIGs. are not meant to be limiting. Typical emlﬁbdiments
include larger numbers of ﬁ:ansduce;' elements 110. Likewise, the resolutién of shown
data arrays is selected for flustrative purposes only. Typical embodirnentﬁ_ include data
arrays with targer numbers 6f data bins.

[00124] Broad-beam technology is applicable fo systems configured to usé‘ bath area
forming and conventional beam forming. Some emboediments include means for
switching between theses two approaches, For example, area forming mairi be used to
survey and area and conventional beam forming techniques may be used td focus
energy onto a specific area of interest. in some embodiments, including twig
dimensional transducer arrays, area forming is used at the same time as conventional
beam fomming techriques. For example, one set of transducer elements may be used
for area farming while another set of transducer elements may be used for tbrventiona!
beam forming. In another exampie, area forming may be used to gather data in one
spatial dimension while conventional beam forming is used to gather data inlan other
spatial dimension, An ultrasound heam may be configured for area forming in one
dimension and conventicnal beam forming in another dimension. In these gxamples,
more than one method of echolocation is periormed at the same time, each; method
optionally being associated with a specific spatial dimension.

[00125] Broad-beam technology is applicable 1o any system limited by the'yse of

phased arrays to scan a focused beam over an area or volume. These sysiems may
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include sonic systems such as sonar, as well as electrornagnetic systéms such as
radar. Embodiments of broad-beam tecﬁnology are used with two dimensional
transducer arrays. In these embodiments echo volume calculations replace echg area
calculations and the transform of step 450 includes conversion of a three ditnensional
(Transducer, Transducer, Time) array of echo data.ta a three dimensional {x. ¥, Z)
echolocation data array. In one embodiment a single three dimensiona! ulfiasound
beam is used to perform volume forming and thus produce echolocation dzaﬁa covering

an volume in space.
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4 Brief Description of Drawings
DESCRIPTION OF THE VARIOUS VIEWS OF THE DRAWING
[0018) FIG. 1 shows a prior art ultrasound system:
[0019] FIG. 2 shows a prior art method of focusiné an uitrasound beam:
(0020] FIGs, 3A through 3E show a priar art scanning process using a hmased array of
eight transducer elementsi
[0021] FIG. 4 is a flow chart showing an overview of a broad-beam meihé‘JH according
to an embodiment of the invention: |
[0022] FIG. 5 shows a block diagram of a broad-beam system according,'tlb an
embodiment of the invention;
[0023] FIG. 6 Is aflow chart showing details of a Ibmad—beam design steg: becording to
an embodiment of the invention:
[0824] FIG. 7A shows an ultrasound beam generated using a linear trans;:(ucer array
according to an embodiment of the invéntion;
[0025] FIG. 7B shows an ultrasound beam gener’éted using a curvilinear"{rtlnsducer
array according ta an embodiment of the invention;
[G026] FIG, 7C shows an ultrasound'beam that results in an insonified regipn
generated according to an embodiment of the invention;
(0027} FIG. 7D shows a plot of ultrasound intensify through a cross-section of 2 broad-
heam;
[0028] FIG. 8 Is a flowechart showing 'details of a transmit step according tolan
embodiment of the invention: |
{00291 FIG. 9is a flowchart showing details of a r:_eceive step according to ‘an

embodiment of the invention;
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[0030] FIG. 10 shows stored data arranged in a channel data array according to an .
embodiment of the Invention;

[0031) FIG. 11A shows an echolo;ztion data array including a first axis iﬂéiicating b
position and a second axis Indicating Y position according to an embodiment of the
invention; l |

[0032] FIG. 11B shows an alternative embodiment of the echolocation data array
including first axis indicating angle (8) and second axis indicating radius (H:){ according
to an embodiment of the invention;

(0033] FIG. 12A shows a Carlesian coordinates system including, for the;ﬁ)urposes of
flustratian, eleven X" divisions separating data bins according to an embo;t:l_iment of the
invention; .

[0034] FIG. 12B shows a radial coordinate system representing the area h’;lsoniﬁed by
an ultrasound beam according to an embodiment of the invention;

[0035] FIGs. 13A and 13B show ultrasound propagating from transducer ﬁfements to
objects within a material under investigation according to an embodiment oflthe
invention;

[U036] .FIG. 14 shows channel data produced frof echoes according to art
embodiment of the Invention;

[0037]  FIG. 15 shows echalocatian data generated using the channel damgishown in
FIG. 14 according to an embodiment of the invention;

[0038] FIG. 16 is a flowchart showing a method included in an echo area phlculation

according to an embodiment of the invention:
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[0039) FIG. 17 shows;a graph illustrating three alternative apodization fﬁﬁctions
according to an embodirment of the invention;

[0040] FIG. 1B shows ultrasound transmitted from two transducer elemeiits and
striking an ultrasound reflective object:

[0041] FIG. 19 shows siéhals generated by aﬁ SCE transducer element stored in =
channel data array according ta an_émbbdiment of the invention; and

[0042}] FIG. 20 is a flowchart showing details of an echo area calculation lé.tep

according to an embodiment of the invention.
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1 Abstract

ABSTRACT OF THE DISCLOSURE

Systems and methods of probing a matenal under investigation using an ultrasound
beam. Echolocation data 'is generated using a multi-dimensional transfom icapable of
using phase and magnitude information to distinguish echoes resulting from ultrasound
beam components produced using different ultrasound transducers. Slncei the multi-
dimensional transform does not depend on using receive or transmit beam*lmes a
mult-dimensional area can be imaged using a single ultrasound transmissidn. In some
embodiments, this ability increases image frame rate and reduces the arnodnt of
ultrasound energy required to generate an image.
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