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Latin name of genus and species: Acer buergerianum.
Variety denomination: Trident maple tree which I have

named ‘ABMTEF’.

BACKGROUND OF THE INVENTION

Discovery

I discovered my new tree 1n a nursery production field of
Trident maples purchased from a nursery in Florida that
provided these trees as a randomly open-pollinated Acer
buergerianum seedlings during the winter of 1995. This
group ol seedlings was grown in a liner field and then
transplanted to an adjacent production field in Loganville,
Walton County, Ga. during the winter of 1996. It was here
that I discovered the claimed cultivator ABMTF.

Propagation

‘ABMTF’ was asexually propagated by the method of
vegetative cutting at my direction in the summer of 2000 at
Moon’s Tree Farm in Loganville, Ga. Softwood cuttings
three to five inches long were treated with 3000-ppm potas-
sium 1ndole-3-butyric acid (KIBA). The cuttings were then
placed 1n peat pots filled with horticultural growing media
and then mtermittently misted for a period of five to six
weeks. Currently our success rate for this method exceeds

90%.

Uniqueness

Seedling Trident maples are very diverse due to genetic
variability 1n leaf size, branch structure, bark exfoliation and
growth rate. My new tree was notably different from others
in this seedling block due to 1ts vigorous growth rate, dark
green foliage, symmetrical branch structure, smooth,
straight trunk and drought tolerance. These characteristics
closely mimic the qualities found 1n larger maple species.
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This invention has not been observed under all possible
environmental conditions, but the progeny of ‘ABMTE’
have repeatedly shown that these characteristics are geneti-
cally stable.

Use

‘ABMTEF’ has been observed for several years, and I
believe 1t to be very usetul for urban street plantings and
commercial sites where a drought tolerant, medium-sized
maple species 1s required. Nursery producers will also
benellt from the increased growth rate and uniformity.

SUMMARY OF THE INVENTION

Background

Acer buergerianum 1s an oval-rounded to rounded small
maple native to China. It performs well in the more acidic
soils of zones 5 to 8 in the United States. It has been
successiully grown from the mid-Atlantic area south to
northern Florida and west to the eastern part of Texas and
Oklahoma. I expect my new variety of Trident maple to
perform as well as the species in these regions.

Industry Representation

Trident maple 1s typically seedling grown through random
open-pollination. This method creates great varnability of
canopy height and width, branch structure, leaf color and
s1ze, and bark exfoliation. This genetic diversity has limited
the landscape use of this tree due to a lack of uniformaity.
Presently, the only commercially available cultivar of this
species of which I am aware 1s Acer buergerianum ‘ABTIR’
Streetwise, U.S. Plant Pat. No. 9,576. This cultivar has a
growth rate greater than seedling grown ftrees, early
exioliation, and grayed-purple fall foliage.
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My new variety differs from ‘ABTIR’ Streetwise, U.S.
Plant Pat. No. 9,576 1n the following characteristics, (1) a
more rapid rate of growth, (2) different branch
characteristics, and (3) bark smoothness. According to the
description of ‘ABTIR,’ this tree reached a height of eigh-
teen feet after eight years. My new variety ‘“ABMTE’ grew
from a twelve-inch seedling 1n the winter of 1995 to a height
of twenty-one feet and a spread of thirteen feet when 1t was
transplanted in November of 2000 (a period of 5 years). The
angles of the primary and secondary branches are more
distinct and the ends consistently roll upward. Finally, the
bark of Streetwise 1s fluted and exfoliates at an early age
whereas ‘ABMTF’ has a very smooth bark and has less
exioliation.

DESCRIPTION OF THE PHOTOGRAPHS

The accompanying photographs illustrate this new Tri-
dent variety with color as true as reasonably possible 1n this
type of color photography.

FIG. 1 1s a photograph of the claimed cultivar taken in the
summer of 2001 at an observation area showing form and
habit. The tree 1s seven years old.

FI1G. 2 1s a photograph of the claimed cultivar taken in the
tall of 2001 showing vanations in fall color and branch
structure. The tree 1s seven years old.

FIG. 3 1s a photograph of the interior canopy of the
claimed cultivar.

FIG. 4 1s a photo of the bark of the claimed cultivar at
six-inch caliper showing color, smoothness, and minimal
exioliation.

FIG. 5 15 a photo close-up of fall foliage and variation of
color.

FIG. 6 1s a field row shot of progeny at two-inch caliper.
FIG. 7 1s a photo of summer foliage showing leaf shape.

DETAILED DESCRIPTION

Botanical Description of the Plant

This mvention has not been observed under all possible
environmental conditions. The phenotype may vary with
variations 1n growing environment, without, however, any
variations in genotype. ‘“ABMTE’ 1s currently being grown
in fields adjacent to 6327 Hwy. 20, Loganville, Walton
County, Ga. This particular area of Walton County has a clay
loam so1l type located 1n USDA Zone 7 and has an average
rainfall of 30-60 inches annually. The following 1s a detailed
description of ‘ABMTF’ Trident maple at age seven with
color terminology 1n accordance with The Royal Horticul-
ture Society (R.H.S.) Colour Chart, except where the context
indicates a term having i1ts ordinary dictionary meaning.

Parentage: Chance seedling random open-pollinated Trident
maple parentage purchased from supplier in Florida.

Propagation: Genetically stable characteristics reproduced
through asexual, vegetative softwood cuttings.
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Locality where grown and observed: City of Loganville,
County of Walton, State of Ga.

Si1ze and growth rate: At time of transplant, the new tree was
five years old and measured 3.5" caliper at 12 inches
above the ground. The height was 21 feet and the width
was 13 feet, thus providing a height to width ratio of 1.61.
Prior to transplanting, the tree had an average growth rate
of 1.25" caliper per year. This same rate of growth has
been evident 1n the progeny.

Vigor: In field test on liner stock, my tree, ‘ABMTE,” was
grown next to ‘ABTIR’ and seedling material. With the
same environmental conditions ‘ABMTE was 30% larger
than the seedlings and 10% larger than ‘ABTIR.

Tree shape—Upright oval with very dense foliage.

Trunk—Smooth and unfluted with minimal exiolia-
tion. Some stripe detail 1s evident which causes the
coloring to vary between greyed-green (RHS 197A)
and greyed-brown (RHS 199D).

Branching habit: More dense than species, primary lower
branching emerges at about 10 to 15 degree angle with
20% of branch end curving upward. Branching toward the
top third of the tree has 50 to 60 degree angles.

Branches: Hardwood branching has a greyed-green (RHS
197B) coloring while soft wood branching 1s yellow-
green (146C). Wood 1s ngid but smooth, with small
ogreyed-white lenticels.

Foliage: Mature leaves are semi-gloss tri-lobed with each
lobe being triangular. Width between outer lobes averages
two to three inches. Distance from base of leaf to middle
lobe 1s also two to three inches. Margin of leafl 1n lobe
section tends to be slightly serrate. The color of the leaf
front 1s a dark green (RHS 139A) while the backside 1s a
greyed-green (RHS 189A). As new growth emerges, the
coloring 1s a greyed-red (RHS 178A). During the {fall,
foliage 1s varied between yellow-orange (RHS 20B)
through a greyed-red of (RHS 179B). The petiole 1s a

yellow-green (RHS 146C), measures about two inches
and 1s smooth.

Buds—Conical, reddish-brown (RHS 176C), % inch
long and pyramad.

Stems.—Slender, grayed-brown (RHS 199D) with
pubescence.

Flower—Small, greenish-yellow (RHS 145B) in
slightly rounded clusters during mid-spring.

Fruit—Yellowed-green (RHS 144C) double samaras
3 1nch to one 1nch long and Y4 inch wide, formed 1n
autumn.

Disease and pest.—During the evaluation period, I
have not seen disease or pest damage on the parent
or the progeny.

Hardiness —USDA hardiness zone 5-8.

I claim:

1. A new and distinct variety of Trident maple tree (Acer
buergerianum) named ‘ABMTF’ substantially as illustrated
and described herein.




US PP16,629 P3

Sheet 1 of 7

Jun. 13, 2006

U.S. Patent

- iy O e L R R e
¥ n

- ....:.u.i.l}... l...l.l.ru..i1.-.ll.l f.ll.i.T.l.l.....: ...l..ll .il.}.u..l...ll.i.u..l....}....l.l.f“‘“? l... J.ll.l. - l.....il..-..ll.u.b..l.l.l.: l.-.l.-.l T L Ta T T e 1‘.1 ll.ll.l.-_.l.b.ll..-.._..l..-.l .l.ru..il..r.-..-.luuu..r - l.l.Tl et J.......u...r L L T e T T T T T T e l..u...'. . .l...f.. ] -..I.T..IH..}.I . |IJ.|. Bt ) I '... .l....b
»

AR TR
L] -1 i
-._.-.l dp ir B oar w g b b .-.rI....-ll e _ir HI.I]......_.ulu .I..i...ll...l._.l-.-.-.__.li.hl.-i._!...l.__. -._.ll._lrl-... - ._.-.J.l..l._il.._.h.q.-.__.lulq - ..__._I.-I-I._ula.l_l L 1.h 1 =« g p ey dd g Fropres pgrdesgreons a b agydkdl s d ran l-l..._..._i.___...._.ul|i-l.|.__.-
a

%
T e

| st D e M - E) Ll E i R i i i e b LR N I e LB

A e .___.mn.t{.tu{nuwlqan el ol sl Tl al U SRt ol ol a2 el e R Al A A I M SN AP A SO
_-u.uu___. - .-__..___..._h.n___i___. o e ...4..“ At e e e #._..l_r.”!m._.....rl.. -_....-ul._.,..w_._wiu..a.“-.-_._.lu " tl.lﬂln._...._“”t.uiw..wtq.....l.
e T L : X ! - )

b e e ) e a s s LA o U. . - P K N A R
g I . ' r roa 2l kr ..__........ : . r o - . r - o - LA
ke AR a G AT 3 - - - T ' - Sl
ol o o i.__-.__i.i hr.-_k s . . . -
a et . e T P R P L . '
- il ki 4 B Bk ooy F il koa k-
AP A LA T W A T
- ! e L PEEL
Bod ke ko deoa y A |
LI R D T -
N '
il.'ll-flbi?.-d.rl-..- r

.1l ....-..-.... .....-.-. .-_.-..-..r.-. . ..-.._...!.r.........-..l * 5

....I.-..-..w.-..___ ._-.l.-.l.ll...-_.._. . a s

*

....
Ak " da

[
AT
N A W
LA

LA
a x4
iy
o

b
N

¥
L

:-I-

* L]
-i-l':'

i

s
by
-

[

- LI N L - - i B K
=

e T e e

- ....1-.._-.-. ....l..-_ql.t.-. i ..-l._.l..__.._.-..i....l.r.- l..-.l.f.._r LI |

-.ii-“.i.l.!l.l.-.ﬁ.l.l.l..fh.l.

T L4 L B N | P L T R
.-.i-..-.- L} ih___-l......f...._.l.: ...l..._l.il._........r_...-._...r....i._..._ll .
_i..i.._..-_l..__.lll._...-..__.ll. x

.
.

~
A T e e ke

[ ]

[ g e
N N N o
et

...-.-......rl-.....?._..—..,.-i.._ . -.“
F-_..-_.t i 5 Tt T . A v b . - .
Il N N g SR A R - or. [ - +
X'y towa . X roel T B.oaqord 1 r - 1
L N N ) . ' O r ' . ]
LR ........._.r...-.t.r- S o . St r - P . . . -t
........._....I--_.-_.._.-L.q.__..__._.rtl... - - == - - - - e

r L)
.
ik Er k. aa Sty 1 "
L el B g Ao, b d kR .omoa ' " ' > N '
N N O . S i r e & - .
b e T e e e - N - . 1
a”a - - - -a P - .
> T M - L as - . f
1 a " ko - 1 . . .

N N
o W
.__u.___._-f._.r.q-.q..l-....__

Koy

LI
g oy Kk oa

.__.”u...-_l...-.._h.."

. - -~ [

Ve Ty
PR T i S Y
Cata Tk xR .
et T e P LT L A N . Cow . : - . " ! ! L k ) . ] ) : ) y il ) . .t :
e T R e R U - . R ; . : : - e : : ’ i ’ o ] ) ] T oe . 1
O A A Lt I N AL S A B S AT . . . . ¢ W v IR F ¢ Ry Rl - ; 3 i AL ST . e ’ L . -t

rn.-.-l_.r.__.l....h.....-u.l._._...__.ul.rth Sk ow wmow

'
L3
]
L1
»
]

Byl
watA e
. A ......_..1
I AR e ot
E e e e T S

. i P e e AT
.._.:..__.“ ._.L-....-.-._..r T e A
T v
[l R IR
- - L -

&5

..-.|.-.|.._..__.|.._...__.r._.-_ .

N .._.._.- SR -.-_ -
L . T

..._-.1.__ -.-........1|.-_ .._+....__..-_.r

]
L
x
L ]
X
.I
»
n
[ ]

dp dr o s o & o o

P e .
A N N A N T N R

N R L T I R e e T A e !

.ll. 1.' ‘l.f'.'.r.l.' o s i A ol o om L] - L ‘.1 .T.l
A -1k * I TN [ i

1-....._ + - lr.__.....rk.-..-_q [ ....-..r...._.._..__ i ....-..,.. s e .........1. - e

far 0
ol

3

s
N
..I._- . r b
' +
[ ] tl..r
e “.._ o
Sl et I"l. o
N ey
. »
W WV .-t-_
o £2
» o) _..-.;.
- X~
[ L
g at? D
. r
T L -~
- -
L
& o

r

L

F

L)

|

I
L.M.”"a”..
. ol 27
- . |r.-
] T
.1.- | - =
LR
"
[

L}

HHI:‘I. '.hﬂ

A

"
s
*

-

b
wa'w

" unu:::?h

[ E X
W
. - -
]

w
]

L J
L §

L]
| ]

4
L ] L 'ﬂr
] ]
HH!HH:‘!H J MM
HFHHI!I!:I!_..:H.!HH:-!"H_". i |

%
»
::-:_"!!l'

i

ol
N

L]
]
A

F I
s
e

|
o
|

E:

L]

..
]
e
LRI N N LM M AL
R A N N

'b
ar

_i.q..-.__.-..q.._.q.-.r.-.._t........“....._ -.ru....n......_.u.......'.. e .rH...... s v - R - F
' .-..1..__-_.r.__.._ .”. .-_.__..-.....- .-....“...l....._.r:.-”..i .-_. T “.-_H.__.._.. 2 -_.... ..-... il.-.-.-. At et . " ' i " ot H ) -
—_-_.._..-...1.-.._. " ..1.-..-_.._..._..._.- h.._..._....._ ..1...-..-_!.. - .._.-. s ._.. T F T " .._. "ot - -

e >
- L |

. -  a m .
] A — .
T I P YT R R I N T

"

ol o b ok B o b b oo o g .

.... r“.-. . .
L e M - l.b.l_ LY l_'.._.rl.tl_ .-_i.-. il i a B X K & X LB & 0 5 X
o



U.S. Patent Jun. 13, 2006 Sheet 2 of 7 US PP16,629 P3

r
'

'

r
r
r
r
'

r
]
]
]

] I_I*i
-1

.h.- I
5 -
- F ¥ pgx

AR N
e A R
L
o

| |

LA e W

E I N I R N N IR I R R

-

r ir b
ik d P

L
_’E_Ixﬂllxl
o -

"#l .

g |
L)

R E KKK

o

al
L

2

"
¥
i

L
- (L

r

L

»

»
|
3 4
=

L |

!
AT

]
b i 4 o oE_a

R
+ i F

F]
-

P
it

LN ]

‘y

-
1
‘I-I'_;#'I‘I#I*I‘L-\l-ll | N _':‘I‘_I '.'l' -": ‘:‘ I.I'F.I'. | |
+ A _r kA

= 1"."11'.I

)

. -‘-'r 1-‘- 4 n
"
.
A -
-'r':_ll_ -

F T
B e |
o W e o N W

-

L IE N N N

L]
-l_

Pttt

ok '

L | "_I &£ & d

. a
ok oy

. ]
-
4

ST

Mo
I‘_I '-Il" . |

- ;
e A

"4 Ry gy

oo
e
r
-

R EE
.
R N e IR

L
g A
] E J
| " ]
X N AN
L 3K 3
L

ey

i
-
r

e v N
d:-r.
-:'-H*h'.
L | |
|
dr
-I‘I'll‘l*l | ¢
)

e

-

L]
L
-

L] _{-r‘-llf

L |
o
L
i el

_..
g T T T M %
Y

P vy
o b Ak

-

e L

-

%

.
[
w
)

- - - 3
R SR %
ol
o - LG JIL I SR
L PRPLIL LIS
e e L et
|.'-lnl.~-_lr_l 1T L -, ¥ or '1._4‘
NN e I R T T T T N N |
DR Wl Y R e _ma- = - )
T’ l‘a*ﬁ-.'l "J.- u N - T . vt ) *.'
Y - . x . . _ _ljlrj'l-h-'
L N e e T Ly g, B e T T e
LR IO Rl C L SN ; »
4, =7 = = n 1 ]
‘.-:.. r‘.ﬂ-;:h\-biq-q .|-Ir. -Ir|.-||r I -‘..l
L L W NI . :.l-"'l"
el i e =TT L e
ol 4 ] [ | I#JII-J!-_Jr-I-_-::_'r-
v A :
L}

F i

.:'_. iy .
; ¥

X i b ":\.

F k B _F -q'p
] 1.. .

E

- o ww - T
L NN ]

]

A A b e e e

Ao

..__...
AN

- .-...'li
.-H L] '-
[ ]

L N
'-l"-i'.. [ ]

e e e A Tt

o

h
L E & W




US PP16,629 P3

Sheet 3 of 7

Jun. 13, 2006

U.S. Patent

.__...~|.
. o e el . N A AR AR AA AT A L) NE R ER RNk .
e e e e e e e e e e e . . N T N R R AR A R T NN P ] - P et " ey e ey
- " P N N N N R i aer s N W AT T I I AT e e e e e ' . :
I I 0 O N N L I T S ot el e |Hq...__._.4.___..__.._l-__.__- LN i o or o el s W T e I e e Wl e ) . ...u.l._. iy iyl p Ay e v e . . s . : gk ¢ o . L . h
» . e e e . o ey e g g g R P > > RaY AR i , s e
: . , L R A A A 2] L o . . o o
. . N : s x ; ; :

ar ar ap e w ap woar W L o mEy R F W T ET Ff RE Esr oy s om -
a2 s 4 ok kol kA

T
»
| e T
T » ] S ) -

e
o R [t i

! % ’ { - ’ ; d ! : ’ ’ N N L N
! . . Sl / i vy s o T
. X ; W ; A / . 4 ] ; » g ’ ’ B X i e AR A B e e
’ > ] . : . ’ Lo I Dt e e
R e PN
LI AC A e N A
3 - [

N , A, ' i : o, : o ; . ; ; K ; g e e b e e 2

¥ i
Boa ok F &L E§
MR LR AN

»
L

'rl‘_rl
l“

.
i
R
r
L

+*
'l‘.#
+
Ly
L

xr
-
»

¥
R
R
LB
l'b‘ b‘ ¥
+ M

=t

-
x

e e e
¥
L]
L)

o ¥ ¥ X ¥ e i ; 3 3 ! - & : ) ) ) : ; o ) ) ,__uv_”n”n"aan“n”x”nu....
* - ) ) ; ; ; ) o, - : : ; : ; ; - ; .nxw.xaxnu“ﬁnv.n:xn.
M ; I . . | ] ol .

i
'.-:'-"n:‘_h

W)

e

LN )

lﬂi.ﬂvmlﬂ

Ll
W a W A .
i O N

W A el e w i T

1 3 x » L rr s -

; ] WM ] i b, . i . I A .il.ll. & r 4 a . i
1 . . . .. . . . . . . .. . . .......n.r._....._..r.w..qq

. . . . . .-..-..-.... 1.

__.__unlulﬂn.a.n“mu_mx.. - O
e e e i . o _,..“"an”m”

igure 3



P N A R llJllllllIIl_!....IllJ_lIIll__.I.-____.._.!.._. .-.lll.-.:..-..“.lll e R
k -..I .-__._........l...-_ A J XA A o a5 e ; k o i " ! ; ; . , N L I ! | e k o ol ; ; . ; ; , 1 k | I " “__.ilu_. k ! i | -
- [ - - + U o [ 1 ; - k ) J k
e e e L LN 4
A F kS M om o miy M ko byl b odoay b ko k Jrooe s dodedeor Bl ip ko ode o Bk A R
4 b br { b ko 4 ok kL S i:. ] ; b 3 ]
Wd o n b ko a b A b B NI M N AT MR N L ) ; i ! iy ! ! ! ! ! i s : Y ' TR roro . . ' . ' .
b * W it.__.r._..__.._...r.__.__..rtit. AN A MR i i i
. 1...' o 1.r .T‘.T o l‘.rb'b-nb..' L] .‘.b..' E .Tbl
TN
P A F kroad Fooroaa
L s kbR o F o
. e o=
. '

s
|

|
|
M

T L] - . . . . - | - .
R S P R R R e I AR
. T 4 L L1 A 4 e rn . - . = rom .t
| i E R O ]
b . A N A ] i.i..rl.i}.....}.fl..-..r..__}..r.._..... Hﬂ:.i.-.... oo

]
.

L *l“l.l-'l-*: t‘:.l_#.#_\- .
LA IL AN
SR
A A .'x"x'-:.:::-:l:-,‘-
AN,
i ;
.

US PP16,629 P3

¥ -
'il ‘4.""

[ ]
L L

L
L

I

F Sl U b*l‘b J-'rx
ATy =k L ey
P PR
AL Wb

+

L L -

3 4 i

i

=K
-

X
v ra

FE oy

i, . L " : »
l_l..h.-.l“i.l_ X . .. ; r
P el el L iy :
» ...l._...q._._tua... e e gy ; ;
F el e e e wra . k » )
N .

i A XA e i e Pl o e N R L )
et e ety e e e e e S BT T o o ) ; ) ! '
Pl e ] . e x P o e e e e e T e
N A ate et N a e T e T e e T e
i I S Sl T St . s » i R e
BA e . : e ey
. . A . S
ar .i.-.—_....r.._.‘....r n . -
-ll.'-..h
. .._.“H.““.-.n.r.!n.__..h
. .
) & o
A AT e AT

P N N A N N AL y &
- Pt At
A e T e e

B i & b & B & & & i f & & ir i & * dr U A dr dp e o=
“It.-..nl_.r.-..r.-_....l_.....rl_....r.._..-_.l.-..il.l_....rl_..___..r.-..-. & E W &k Ak b oo kok dr o dr Or dr Jrodp o m o dr B oa drode b koo b
L3

bei L]
- l"_.

i

4 L.r1
l...l Il.l.r

' r . . 0=
m F r a & rF
& r E I

r &

" e
L i
x -

T

#:t*a .
"ata
»

X
L
l.'rq-“;

L

I.-.Il.l&.-....t....-.r.-..-.....-..-_.-.-_.-i..__.-.._...r_...-.r.-_-t....rﬂ-_.w.-..__l.__.r....rl.-.....-.u.....r.r..t...tﬂ-.__.r i .r.-....“l-..—.__. o, .-.r.-_.ri.-......_n 1.-_.-..,..-_.-......_..... _nt__n_........-.k.....—..rl.r....r.ﬂ.r-.-.k. et e e
.__.

%
+ &
F owy kW

L
Ly

[}
Ly
r
A &'
LI )

-
s a g B dr e A S dp i e oy X N h F ra y N - w d kd de dp dp e - s & R N ¥ b oy oW
-"m_u.__ua._. S e R g T ey B By (i T S S Ryt = * ..__.._..._..-.__.._ ey “aTa = )
-l-_-i. - o e ]
x At .r.__.._....h.r.__..__.-...-.l.._.....l.... b Fdg dr wodr b dr o b Jodr o b dp m B by wr h B b ok ko dod o F b kKK .
'y aroad H ¥ ....;..r.r....l.....r...&..rl-...r&.l...fl.tn....hft...k...-......k.rl.rl....I.-..Iil.-.; .-_.__...___.li.._ll._.-i i...r-.-l..._l.....__.il.......-l.._.l...t.-.._ .
o iy o F i dr b b ypgird kr b d b r & b &y & doa b odrd )y ik *l*.I.'**-.-.I.TIl."-*.'*.‘..'l.-.-..'h.J-l..l.b-a*{“*ﬂb.l*.* wd BNy & ¢ i goir dridr Joir dr b ar &

L T e i
) A AL " >, - "
. . Py :.._.....u_.__.r.r.!.__..-..__.l__._.t__.!.._..-_.lqn.....-_..._.nr.__...._.......!..._.-
N
o N N I N R e R N - P N LN N N o N N R I T I It ot o L
T e T B e e N T T e e i Y

o
L ] Il"r L J

L g ]

#H..H._.....-_ Jk“.rh...qr.r...ﬂ.-.w...i.rﬂi.._..ri ._._-..r.r.........._..u_....n...-.....—-...r......r...
i.-...... il.”.-_”... .....l..__.rtn.-_.r....l....”.._.r...l....nt W A e P A N A e D ACRE S B
e u ey, l-.r.........-. .-..-.... - .-._...h.... on ...nl.rh._..._....._. ........._ et woat. -..... .........._ ar .._..........r.....r.-..-. figrs ....-..... .-..-..r n.....r......_.-.....k.._k.r.....r.. e e
a . e 1 W U ar m i drodr o dp s b dpom ke dor rd ok ow ok
a . L PR M T
a

»

_i-

* 4-_+:4-

Xy
xr

L4

dr s o ow or M g b k4 At bk ow ko

oode ol | dr de R dr e W A b o ER N R FAE N Lk o ok
i o N i dp e - s i oa Ao

R N » " ok r....._.-.“.... PR i P

s P
- . “or . a
i i oax h 2 h

- .__......-.u.-l..... + T Ft T

]

4 . .
Ao ..l....-.r.._..__l.l.....r__.__
. - L ;o N Ly L N . . ....._.'._. t...n...r - .....!...1.._.1..._. " ..._.. s .._.._.q.r.r-..q......_......_.
- - - - a - .
. N Pt ...n.....__....ruu..___ T . N § a%r . - K 1 o # .l._".r.r m kb ks LR e ¥
...__.._....hl.r.._..__._ i 1il.?l......l._.._.__.h.lll.ll....._.ll._..l.....1.1._.l-._1l.l1_-.|....|-_.-.1.-.......1.._......._ i....l._..l.l...__.tl._.l.__..__l.__.__..-...-..._l.._.._
‘u

L4

Sheet 4 of 7

e
L}

.._
& o a * I S a L - Lk Lk
. .-.l.-l.l.._..__.._1| ' S 2 ke .1.r|.-.r|....r...1...l.-..........:.-.qb.!inn.r..ﬂr xTs a l....vnl I .._..-.1.1.....1! Cata ir S ll.__-......_.n >y x
.._n-.lll_._.......-_ W o ko ok A ¥ a . bk oy d i B b hoaxr r b kb S doa ot doaoaon g §oador a & aid ko W b dr dp o b Jp b m i oa dpow oy m ok koo
)

»

lr~__:

]

&+ & b oa I._..I.._.r.-.”.-.......-.-_?....-..l..-_j.”...-._..-.1 _-..“.r.r.._..__ ._....-.H.._.__.r”....h.-_ b .__ r ._11.-_”..1...1__.._”.._._1.-.“-.._1__ .r.._....T.-..T”.r”r“.._.l.._.”1.-.....__.-...”.|.r....__ 1.....-_.__.__._1.._”._..__.._1.._.“.._ .\H...“i..__..... H ” i
.-.Il. ” _-.I.._...l VE e a T -pl...lq .r............_.i.._. .._........-.i... -y - i i Pyt 2 P .._i_..|.-_... .|.r....._. S N
-

¥ X w
L]

L_NE

P4 oa kA EN - - & or -k - o - - &
........_.h.._.r._.'.qlr....?.l._.l.—..__..l.__.__bil. -_..rh.-..l.._....__..._i....-.l.l...ul..._ ._.._..-..__._..-I.rl.._.._........rl..l........-.:..l-..__..l.r......_i.__....l..-..-..r‘.....i.r.rl.....r.r....r.r.-.1

e b A Mk e b drde kb heomoam W ap kR o wr i i o WPy a e ko b ko how de ko kg owt
P AL u dr g dp B ek w e de el ki e e i i de b ke b dr h dr de ko b i B de ke b de b ok b b

O R i Jr B odp b oy o a ok or dp ko ow dodp dr dpom dr A oy e b m & de Jrod ko P e T A T

.........-..r.-..-.l.v.rl.-..t... I:_.._.l.. " x" .._..... . ottt .-_- .....-_.r.-_.-.!.-......-..r... .._.- 5 e 4 .-_:..r.....__ .v.-.?.-_.w!......_..- [l oyt r.r.-_....l. =t .-_t....tl_l.....- .....r.r.r?.._. Pl 5 4 .r.-_....rl .r..._.........rn Attt .._..r.r.r.r.r.- e,
oy oo drodr o k m g o ok & & odr 4 F L ] L L N N R N N L] b.l.l..TE*r?T.lnl.'bb..a.l.b.l..r.__u.l.l.--l.l..l..l 4 = = r a4 Jrroaal g
y ar

ey

¥
&
wat

L ]
L ]
‘.-i

.T
...r...

[ h - & [ - & & * = P U F LI T I U b 4 a2 ka2 xr b Y b & =4+ & - . ok a
g T M N L B N T a N A A AR s A R R X L ARt M R N A L T R R T e
o Tdp i g e e dr i drod dr rk X e byl e o m ek by A F o Ty

- ) N N N R ) ok e Ve
g, P b Pt
4 WO ; ! ; ;
. ] e ; . .

e e e e
LR A O SR e

A
AN

e
X,

HHHH..H.

b

Jun. 13, 2006

et

L]

L x
HF‘F”H‘I‘H-H-H“H"!

L]

U.S. Patent



U.S. Patent

T

g~

Mo W MM
g i
M H‘!:!.

lel'

Jun. 13, 2006

L ,:.;';'u‘ |l|l.*a-"a-' 1
r . L] I"

- EU N I
- A .#.T*q'._l *4
N l_‘—llr. T

Sheet 5 of 7

g
-

PR

o

L A _u
-l'. Ill

L ]
ki, .
L L N B mCa B BE N NN

. _ ~
kA NN e

L]

[ T
F

'._—

r .

L r X
o e
v e,
" < ey

b.

N

R N

bt
_'I_ H’H by

-

-Ta-

L R N N R NN ]
r

- o
'

LA E S ah e U N el

Al

.
L0 R )

"
iy 'l‘_‘#‘_"l"i_r-\'._'l-'-b

-

e
S

*

X
n
L,

"
PR

L S S L)
rm

‘-h*_ *ﬂ ]
N

[
i

-

L NE L WL

L N l'-lr--l' L]
LN

[]
r b

ot

-'f;':.f'..f" X

T I‘::-

(3
w_1

L]

ol
" e e

St

] .I.HH' 'Inﬂnﬂnﬂﬁa::::a I-: '. ;

NN AN
FE | |

Fd r o =55 s wsra B_ir

LR N I

X .
LI N NN N
s P e s

L NG B e e e N

L AN
w_w o ow

.1

.
D W N

-
om_a_wm vk b ok e

1-":"-'1- E-l"- '
R

-I. L4
o

L) - +
L L L ] -.ll'-.ll*

L )
L L N N

o -
L
-
'#*'T-. _I’_“ llf x

. o .':,;
T J--'.--*-l:llr -'- '.-'
L Ml N B B L
i

r

-
ERL I AN N

»

T

L]

"' ;

L N |

US PP16,629 P3



US PP16,629 P3

Sheet 6 of 7

Jun. 13, 2006

U.S. Patent

o drom I

I n kAL koo g

T A N T T i e

e r '
g .-.-I.l1_l !.-._._ '

il.ll-b.l:.il.l.'ll.b..i'.rb.l.i‘il.-b.__ LA ]

L
] B & b b @ A K
] l.l_lili .IlIi .-.l l.i.

-
4

L)

xr

E ol )

el
AR X F
L N a

]

RO

*

L
-

S

RS
...u...."ﬁ”"..
...m".”.mm.w.."ww .-.."...

'l -.'I.'..i
R0

A d Ak Ak B WA ko Kok ok kd ko
e e e e e Y

et N ) R i NN ey
|
-"_q_-'.-_.q._._q.__..q... _-._H..._- e e e AT

Pl e e O A N
L O U )
.-._._.4.-_.-....1..._..»:.#._..-_...-_ wa

A

fll..ll .il‘..i"l. I

e N R el el

e il » K
) N R L O T N

A e e e

e T

L]
o S
R, S

[
»

»
-

»

I O ) e b . &k kA & -
..__.-..- .T..__.-._.r... ......-.__l .4...1- |...+ o q;.__
" om A Ao b B g b h F ko -k e A b bkl

o

L]

I T r..__.-.._.....
F bk a g b g 4 &4k
LI I B R
Al J a ok a R

..
ra 4 d N

.....-_..____..._..l.l._.__.i.._._..

F ]
. >
i T

o
L | 4 _l'I B
e
L N .1:1.
i'_ll

L ] l"i‘i X W
i
o
L
I.i'-l :-
)

L -I'-l"-:::

1“"“]'.;‘! NN

L N r &

¥ l‘I‘i‘!“I“i‘i‘l
o

. ‘i‘l“;".'l

ir L] Il'lb. i.ll L]

LR L L

-I':_::E::’
Ry
E .
Ty
':I-l
oad

ey

:

o
i-'p'l
P
"
e

-I'i::

-"-

l'
SN

&
o
S

'.:-‘
oo

v
s

R
iy
o ..".Ww.

..'l ‘"Ii. l l'l"
.i-ll.—l -..-_-_-_-t-_..._.-
...."..,..........."....u.
R Ay
" .....muu....""........-.. .
'I'il -'Ii L i.I
'.“.-.l.“""v-" ] . 'f

-

li ] lli"l.l_ .
S
SRR

e
."""."..."...%..""..
L ]

L L "‘.“i
e
wtane et

L L
e
R
e
v

Wi i

Sy _-_"l-_.__..-..-_._._-_.____..”.._. L LN )

L AL ] L L L

i _._.-_.__"___-___-._. o

l.q-__._lt._.t.-_ o L

L |
-.i l.I.IIi I‘t.'l ]
L blb.i“ L L

il”lll' “l I' i
2

L
s

.::‘:

»
e
::-
)
&-;::‘;'I:I'
lr‘i*l-::':*q-*:'a

»

-ln‘

»
L g
L]

L ]
-"
.
> *

[ ] ‘i'-‘-
o
o _:::*
) *
e
F]

"
%

&
-‘-I“I-"*-
»
L]

-I‘I-"i-l *1‘
»
3

e
=

[ ]
*
L ]
»
L)

i
e
L

L ]

X
i
.‘ ‘i ‘:'I

¥
u
L]

4.'“"
r

L)
-:1.4-
Fa )
AN
-

L |
'-I‘

.-.”#".-”-”...“_-H_.“.-_".._H.._“i"......-
E T e R N
L R Nl
PO e

a
e e iy o g N

I‘ilﬂ. ‘.iiil.‘ .i"'.-_ & & &

A T
Cal)

[

- ) _-.-l."- L Ll )

.._Hu._,.._.__.__._ﬂ...._., Eal
]

i

Iy o r
T, O
i T
A

l-l"
B

»

plx
a .

"
L ]
L ] ’#" 'y

-_:"::_‘
S0
sy

%E
3

L]
%
1"""‘
I-i

]
o
':I:‘:#‘!l.i
]

%‘-

2
"

..

.
o
.

™ y
W R Rk -
& & .
s A LR e R

Xy i W - o~
....._-n“-_;...av._..._.__.__.-_.__.-_: - PO R e

N
W~
-
X
LA

L

PO RN x PN L
et . o .ﬁ.q_-.._ P e 2l
- R N L )
P A W
A T e e
e i »
e T
L T e A X

- i ..l._..a.-.-..r.._._.t.rr.,.._..__.-...r.vr.........-..\ -

]
]

A
._h.r....-.

-
L
L IEN
*
r
3L

oah
*h ]

)

-

RN N

[N
-
L
r
T

Y
»
S
*
*,

o e
s

)
[ ]
n
i

A E R F i a e

L U A N N AR
BB S dr B w el o dar orom g ke ok
aaara e T L T
. .r.._.'.rll.._.._l.__li._.-.rl.
W !

-
-
L

Lt JE N
i

L]

-

&

&

Y

]

L]

r .

-

|r

r

r

A
-t R
ENE )

L A ]
[
o
a_a

| ]
Lt L L S B
F3

"
L |

L]
*
ar i

»
%
.

- o -
- o+ &
PR RN R M -
AR R e e e R e s e ke b R
[0 e kel ) SR e e I A Al ko A
.__...:..___

LN )
P N R AN LA

[t o N O o I Ut
'r

.__...__."_-_-.-_J-._.J....__.-_..__-.___.__. o
o o B e i e Ak

o

]
x
»

r‘_II
"

DN

L
» X
DM
-
L)
= kN

F

.

4
L,

o

¥

r

r

.

]
L]
-
f 3
Jr;-
X
r
r
drodroq A
‘F ¥ oy kg o

Lt
s

& keldop ek
X o h
N N

+
* ¥
X
Ey
¥
FY

X
o A kK

Lt N B NL

F

&+ &g e ¥ oy
] Ill'.li'i?.rlli.}.'ili.il.#.-.lll.-”.i "

+

i'*l'i
*r
k o & a
4r

L}

.4"
LA I
-

n &
o
*
b:.-"'.-'r
i
-.‘h
-
ql-l-:llrt-l .
L T b
1
.Il‘
'r:l'-l
L W)
R
r
CaF )

"
[ ]

&
e
-

.l
:..
L]
-
)
X
L}
r
w
™

C Y ]

[
P L] X = rd r

L
¥ -
E 3 )

» R p A
L}
L]

0 e T it e
T
-

N N N )
¥
PR )

'a"n
L]

ool 4
L]

o & Bdp h Ti ok oara A

L) Eals
LR

L

L .

A B .

Y E s s .

N T R N MM RN

ECI N N N O W e el
-

b."- o . -

»
N W) b/
.-....r.r".r
ir
-
i

r a
i =

"
ar

i
L O ERE e B MOt

»

F)
R
)

n

)
E
L

4+ & W

"

»

1

)
LN R )
¥
N
i

»
i
F3
*
S
L]
+
*
L
L
I
*

F
T
L
n L
N
ot
.
.
.
L]

X

.
'Ill"-"'-l LA

EY

r
wla
i

ok T

»
L}
r
L]
4 B =B

L
I B
]

]
»
-

o
.
s
+
¥

Mo

»

.-..-.......n.rh..r.__._.n.

+ 4
L
L ]
»
Y

*
)
& &
b b kRS EE RS
L]

o
-

-
)

*
* B
r r
L L B
R R L N
rh &
| i

S .._..r........_..r._..._..-..._ .,...1...h ......_.._.._ ates +.......

&

e

n
L]
L

i R
A o B I et B e L L i
e T * ._.”.__.___i... *

[ ]
LN A M AT N

FY
]

B
= &
L
-~
-
*
E
L]
&
u
L L -I'-h
v
"

F3

Tt ey
N ) .
Xk & P )
Lona LS el o U 3E SENE N Bl )
& Bk bk Ak b node X X &R
e e el e
L e el L

*
» ¥ alny -.-_u_.. “
AN A ’
]
.-__-..._.._-_"_._._.....i.q.__.-__-_k.____-..-.._-_
LA )
-_.__.“-..-_l-...__
. ._.."_._....-.___ ara g
O R R N OCMN
Pl B I e
o
Al
i Ll R .

r -
watx

-

L3
*_F
»

+
>

X N
T4y
N )

i
»a

i
L)
)
»

L )

L )
»

L L L CE
]

e B & & B Nd i

ir
]
&

X R N

I Bl o
]

L ]
- A

*

»

& ki i
| ]

L L

u o
P T P g S
X P N I A o

»

Cl It )
(]
-

]
L)

)
PR

L N )
P

¥
-
P
-

) x

A

O N

[

F

r

Y

™

¥

r

-

»
4r
[

I N A I I R R A N )
[ ] - & o 4 4 r &
G A MM AL R T e A X i E L M W)

X

-
£
=
)

-
i
]

™
T
)

.-.
.._..r
o e B g gl e ko ko i o B kB gk d e odeow bl B
E L T T A T o A
e e e ey .._..-.._“..ur.._.u.vr.“............_r.t.._-“r...........u._..___.....u...
hl.uhll_.... P o e T i I P .
A B o m b kg Fom ok Ak k. Kol dp ok bk ad a
X R N N M AR R A NN AN NN
L T T I I e e e I Y
Ao b dr e i e e e I it T R Tl Y vk e e e R 1
ol B E Tl R A =a e Ewoa I R T R e e T T I T ‘e
P S T e, I I S T R e S e S e S S S el .
||-ﬂr.lh.r.l r° = - HE B " " F .ttt | I . =

L]
L]

P RN

- A

-

o [ ] r
e T T T T e

-
_-..-.._.q._..u_.._.!.-.l.-..._..-...r.-.h.-......_.._.-..l.....r......_.ih.._.._ LI

ok F g Kkl ks doa

r

.J.- L] 1.-.-..' &
E

¥
L}
¥
.
B
-
¥
¥
L
L]
L}
[ ]
+
r
+
]
L]
¥
+
+
-
]

.

F dr e B oA

M

N N R R N

ol F A oa

e e e N e e e T ”._.

4

F
CR NN

L

E

X

O N

P R R |
a b F 1 &

¥

- .r.._.,.l...._-._n-
B ok ok oa -

T e T W R R
i b § = g ok B

wmr ka

R

" L ]
o

- b

F]

M X
. L b [
. e .__.rq.-_._-._.ttl - !.-l.t.._.”.._.n...._.:_.-“.._H_.Hln..._____ o e N
. .

* RN -

W

-

ir g .
N L P i W L A M I A ar *a
o I I N N A A N N NI e "

-y .

T

A
- F u

X
S

-+ LB - o~ L -+ [ oA .
e
N R el R A el R N TR N RN N RN S TR At )

LA e N e R A SN I e N T W O R R
A TR M M T B R I R T ML SR N I LR T A
.r.......-_....._._...._-f...r....r.q._._.w.q..._..r.__.r..._.._...._t.__............r....._._..r-.__.___.-.........__._.....

LI

H
L |

ar ar
I

FECE

L
LI

"

Fa e ks bk -,
._-h ._.._..r_r-..

A T e

A R o N

ol B A oy A
R e
T e e T e T

PN
¥ .__.._..._..__.4._.._..__.4,..4_.._..._..___.___1._._....1
e T

R T N I N N N N R

o
> ar L L] * & dr
...r.r.v._.:ti.t”.__._...un.-.r“. N om ak o ad F Rk L

[
¥k

dr o ok nodp p o dmd Wk d b & A Kkl ok BE ko kowd

k3
..._1.1.__1.-___.-...1._11..1 oo i A Noa '

B T e T T e T e e R Ak e

Wk A A e Pk Pl o LA R N

b brom "1 d dr o=y
« w E w p, F Fp L >, x

g

D

',
|
-

o
A i L]

[ A & m
E A A
LW N
"E"‘:
L A
Il‘_

)
|

>
[

) Aok
] o oo o oa ko Ay Ry N E o= - A F F a - * ok o b ok e Y .
ot M T e e A r....rr..l.rtf.......r....._.__rtv....;......q....r.vt.n.r.;...v....................ﬂ»..r....v........._.q.r.q-.v..__....._l._.._t.-....f._._....._..._ B

& -

EI S N & B u p g &k - m el oa ¥k oy ok

B A a e ko ak kb owdd oy b @ f ke d i . ok .

ok el F a e A e ko kR .

P N O N T A N )

RO LR R A R A N MR N N 0 RN N N DU N e L
A R » a
AR A
A A M e

i
. r:-:l »
N :
A
1

. -.-::-" l

._". o

& Jro g B odek & u ¥ hoa o d ok ona

"

-

) ll ".-Il_"l.l'

2

M X
x AR lll_-'t
i " ]

igure 6



L]

. - - moa
= ro
U

US PP16,629 P3

rs T

- v

P

T o, .
xr
*"a

L
EE

-
LB |

Sheet 7 of 7

a -
o er:

LT N
L ALK
.
i

fae
e

.
| IR
& ﬁ:
I.J-JJ
-
T

e i
1 = ]
“o'r . M
hr*_r_ﬁ*:.u
l"_l‘. 3
-
-

|
-
r
&+
*r

r
L
1
'l'-l "#ll
l-l-l-t.l!kl
- .
"

.

oY AN

N "ar Ve
'

Jun. 13, 2006

PO
AR s
T Er

. .
- . L,
[ &

TR A e

. e
L

o

1..._.....-..__ll1._.._.._..rlh"I... .

- -l_.- _l.-_.r.r o
P

u.q R N R

U.S. Patent

- m . ”l-..._n A
' e

a8

. - i oa . - a [ .or
I N R R R T e N

SN

R

n Bk Wk A d

s

!b.:'-:. 'l

i

PR A

-
-
T a "
g oa a
.

E

T a
B

L]

- .-___._.._ L] ._1..%

T
.rl.l
Yo

X & kA

L]
._,u_.r.

g

L

LA

Ut W
AN kR RN |

W
AN

- =
P e

F ]
R I L R
it

“u

B

[ ir
1 A oa - - e
N ™ .-1.-.._..I.r.-.l

F3

Tk
L

. -
.
L]

LI

o I

|‘-1I.|-.-

nFrTr

- -

' . ran
a tor o . : " 2 et
LI ] Fl " mor - - r - o om oaroa FI N T ]
R I N N 2 L]
i Wy
| NE I |

alm'

-
A e
¥
)
e
e
Sl
v
o

1

.u.._.. . .. .__
, .
L

Jampes

T
r
Y
L]
4
Y
5 X
“yoaw
-r’l'_ LI

u*

oy

R N A
[y
L e

n
r:'ll‘ L et

FY
ll‘l'
L)

T L &
T l”.f_
F o oy ]

o Wt et ._..__..41". t“-. " 't s
- AN e ' kX w
_-. " i-. : s a r o Y
b L R
. ) P

. .

l..._.rw.r .r.T.-..-. PRt
- r
.r_._-_..__.-..._ .

.4....4-_r......-..u
.,

- B i
k #¥I‘*I*

-
SR W)

ﬁE:i
-+*
1

)
. .
.1..._”1-_...-__".-.”1”.._._ _w

"o "
L .J.___-I._.ﬂ..'.”......s..rl.l.i.__n A
..t._...........r.r. .-

P o Y
"o S
+l.-....| n-.__.. T

e
ety e
- -l"'l'k#

Uy
wr ¥

- .1 -
S A L
¥ ; wl....___.._.... . e aTe TN

™

[ L M R

PR O e

ALl r X

4

A W
> A - W EE

"
P

L
L |
'r._ljl
bl -

| e M e
U M
XX

PO

Ut WL

i
&

A
)

-i-l-

*
L

l. ..I.I.-.l..r._-

E Y
F & 3

L]

B
* w T

-
¥

-I P . xm
ror o L aa
' .or .
T EHa ) e oa
. v ar ' -
»a.

_ _ F
» X
]
.-t._.1 "

.-..t_ﬂ..

gy el
' Cal

A

L'

O A

W N N W
I."...l.'.l'."..llhi o I.Iili. 1.I-.l_r.__r..
o + i.w..._-n..a.__._.___..l...._. *

N Wa = -l

r...... - ) .hl.l._....
i - - L S "R
r.l = am" r "
w_ ey .-1.-" N

CR i

'
) ..I- e s l.”

x o
g
S S

L g
X ) _
Mo LR

L

4

e
A P

AT
.-.4 l‘l"l‘""l

¥

-
d

™ u“" “.__._-_....__ Pl
N R

-
R S 'l
WA AN
o bodr h

- -
a Aty
. A
P T
" _-_HH“.. ....“u
» .-....._. a - ..1.-_1..._....;
.

r
s
-
-
-

T

Figure 7



	Front Page
	Specification
	Claims
	Drawings

