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(57) ABSTRACT

A system and method for providing an instrument response
correction based on transmission efficiency. Test data may be
acquired at a first operating point. A look-up table may be
searched to determine an instrument response correction.
This look-up table may comprise a plurality of 1nstrument
response corrections, each instrument response correction
corresponding to an intensity response of the sample at an
operating point. The instrument response correction may then
be applied to correct for environmental factors that may affect
transmission efficiency. A system may comprise an illumina-
tion source, a collection optics, a tunable filter, a detector, a
sensor and a control unit. The detector may detect interacted
photons generated by illuminating a sample and generate test
data. The sensor may be configured to sense an operating
condition and transmit this information to the control unit
which 1s configured to search a look-up table to determine the
appropriate mstrument response correction.

44444444

: 1“‘"’ . —'-':.. - - * ) - .,_l_.' - - . . " b, - W ‘ "-. -
P it Sl 3o thorehy SERCTRIE & TS j:‘-?::ﬁ PRI v gy
; - a = : .

2= N O e W L, - . - “ e rn'-- R T T AT L .
boolmieracied phivions and a seeond phureiity of winrscted.

'-rh.r-""* " -~ 1"-. > piy . L] 1 r .‘:-""". o 4 -.J E ¥ 3 "h - : -
p ST B Y ;ﬁ}i:ﬂ:_:i}' O TRLEIRCUCH PRIMORS URINE 2§ -

II.|-a. . \ . --|--| . T P - " RN - . S . 'f-*'.“_.. . . . A . .
F AAPUTRIVE SPOOUINNCHY 1D SUaridid 4 fENrenes Spelire 4

Ve

R aodimatie iy

Paoteripngd fadd seconsd plursdiny of inleraeiod obons 1

. " : r r ' . | L) - o F w = : -
gt 3 vporspectml sl dninge

] - - P : x - p -.' ! - - n r - s - - n ' - ; L] - a . F—
R LMY SO TS 1T InE L Tji:-:-{-i-‘:f’.‘:k- LTIV G N
w A . -

NS Tt £ 94

‘-"‘ o o .-r_ ] i u 4 .-y R - . .. - +:b1, . '.‘-“\- - . S
Comnpatia sald e Tost spelliv o said woforosies

3 GDOEITA W0 ARW0RHNG A6 MSTAEaeT [EIROnSE SOngiom

ADpIimg HRIRREn! rERponso COMRCTION. i0 B0 IMaEe




Patent Application Publication  Aug. 25, 2011 Sheet 1 of 12 US 2011/0208462 Al

.'-'i-:_‘r

'
-

IS

-
»
A

§1%121

W
4

PARLARLY
#

&
stste ¥
oy

i
YR

e s , e
ify o -t A - Sty

1 s = , S )
o ER T : -
P 'E; : : .
T e ey ; L
.-r.:.‘.!- fh; b‘.' ] X L.
B - S Z ) Miw
”}.l. i"h'- ] - e

3

%
53972

e |
> L N ; : e
- B i
.t.?: '::: . s ) " S
. : gt At . w .
o W : R3S
S5 T S : LY
2. . 3 . . .
U O % ; ﬁ;&: {§§
; e i, s AL )
i“\-t Tl T w -i-.‘._ a
:}T ":;:' L o - : -
e 3 I L
R =21 ﬁg: R R 3 ¥
S ST O 3‘;' >
- . " '.'q--'. - ‘. 5 s
.F:" . K . _."‘n"’. . 8, . et
i M T TR 5 e ",
PR < O ; : %
noom oA w :
SNy
o TR R S |
iu;- X X . 3
R \ : > 2
o . . . ]
g- " [ o -Tn
. : o 4
o : _ s
% i g
N 3 -
w - -‘f"._
: o {ﬁ?'
'y e
o LS
: N LR
. t-

wiate'nte'stenln'n' s nte -"-'-'- -"-"-"- LA Ir"lr e L N A A A N N N N o L T Y T e e e e

l
o
"”5 .
£ '.'_.-=
,_5_
%
X
%

atetelnte'n'e'n's s 'ein' e n'n'y "ll-Il--!!-!!l'!l'll-ll'll-&lta-

S
A gﬂxﬂﬂxxﬂrﬂrﬂrﬂﬂxlﬂlﬂ

A

i e

S

M

oo

k]
X
A
ii!
X
H
]
E]
Fd
i

¥
i -::u_

Hli"ﬂ
gl

H
il
X,
IH'
-
]
b
-

.
X

al
-
o i

'E
]
?d
]
X
a
-

M

W N WY W
]

)
A
b
x:r:x:n:a:x:nx : : e
el e )
| a

il
H

o o e a ad a d
i R R e
Moo

]
- .
- AN
o A S N L~
H-l"ﬂﬂﬂul'ﬂii"l N
A M
=M

HIHH

X
]

-]
Al
F
y
Al
Ei i
o
]
o)
o)
|

Y
-

oM Mo M M ON NN M N M
HPHHH A X W M M A M N MON X N A
! ] F
’HHH’?I' H’HHI- HHH"HII ?I'xﬂ oW
X,

. |

F
_!ﬁ.
II'H'HH'IHHEIII

I N,
»

i P aﬂxﬂnﬂxﬂx'u A A

2

pl

Fd
]
X
X
-
-]
X
-

:xxx:::an::x
X

x

M ¥ A

]

"
]
ZEHH:H
o

-

Ty

&8
nona 4

P

’

Ry o o ey
m . L T w{ﬂ:;_ :.:f

i _'-.\.'-m.‘_-m.m-‘_-‘-‘-‘_.‘-..-.‘- N L o




Patent Application Publication  Aug. 25, 2011 Sheet 2 of 12 US 2011/0208462 Al

2 F e Y ) <
s Totata®,  Ugataw, " N . g .
:.: - e -‘. L. . . ; . “t _ l - L ] W, .
» R <3 . {*:f:‘
% - g ) 3 < B -
AT e . - J R o
:. '-q,-,-.l . {.‘ T* .E: : . : -_-E- u .:. - .EI'
» s <3 3 < <
s - e, - - b, - "
e oy ;: . oy
5 wma el 3 3 N
> o TS ) ] < S )
. o M, ] ) g 4
" Tmea ey ] ;. . B >
5;:; L .5 3 3 » -9 :
" A ¥ N A - SR »
2 el y : < L3 <
::-:: Sl o -:'= ) ;'-: . ;'-: : ', " . -
§ i P E
<. ]
E:l: b .‘# ‘W . E'l: .:. 'l:: - "‘.‘ -, - E'l:.
WA ; by . o o 0
. T g - !
» e e ] . I »
> W : 3 A >
i o . i o '::Ei
> . () » ] " -
.. e = > % =
5 » 3 S T <
e ", " o L2 <
3 5 5 AR TR <
3 - 3 5 A R 3
- - 5 & A A 3
¥ b T et Y y ", ™o -
: e % " - :
g
:-:f . '-QJ-\.,: . . 'q#-: . -' :'-:' 'f:-: : -:: !
, U 5 A - 9
¥ it iy y iy s .
o S A A "
o i , e - 5
- Wi (et s . : - <
. L Talgd . Talal ] o - .
- . "ﬁ"ﬁ: it E;-; ;-;: E'-; - : - - -:'W - . :
g e . ¥ - A T . S -
5 e e 3 2 R Y v &
L nad S 5 . . i S
5 LR B - > e I e R

3 }:;, :l} : . BN e A g
. A . ;:-: =, ;..; M . . . O ) :_.;
3 L fE. % . 2 8 et g
5- B R T LR - : A o
EZ' ‘-*f.’:' L . ” " oy 5
; o R 5 T =
e 5 - o -
. atat AT W N - o o
: :;:‘I-’" ) :::ll-'l ;:-: . : ;-:' ] : :
; S W 3 S 2
5 . ) - ':M:-' &
. _ : ; SRR R P .
" e :_:: : ;_::- .: o : " o
y 4 . y ¥ v Y
s 4 » 8 . R M 5::5:
3 » ; ol - :
” : 4 e i y
¥ : -3 ; S 5
o R ) iy 3 : < : "
. . 5 e » it : ",
» T 2 . 5 e L
S S
" ol s &) o " i -t o
= Ly LY & e . - i - . <
- Lk L Wy - e N " - .
2 et : % g S S
" N wma 5 % 2 AN
! 'Elr - 'l-:ll- - ! :"' .y e oy ",
L - ; L L - . .
s I" v i‘ . ::" . Iy :.':' " :'-:: -:.
. ’ -‘-ﬂ! ’ -"'i‘:-._ :_.E ’ 'r: ' " - '-::
", oy ™y . " - » g
Cn g T g . e "
. S v N g o N y
W Carind - y - e
[ A N Y &) : - » "o, B
: - =" - " ; . N SN, . ':E-
. e 4 1 i - I
" i) vy 5 X : » R
» o w o ) ; . L -
L .:} M. }'-.: . ; _. = N~ e - .
" 5 S & ; i: : xS et
" A gy s ; . <G - WL 0
e N ; - o , _
Zg:. P . : . N )
. o ' : i) . Mo < N MY R <)
o i:: > a SN B <)
" y : . N K
:.;. _' ;-: ‘._ . = o .
| = 3 L L] T C )
. ¥ . -

4 d dd 4444 arrkik®
roy -

o
h-\.*._".' oL,

#

-

s in

h

f

DCOUTS

Y

FENSIMISSION

u

$13}

g Tt
filtey

+

PR
oLV

£

. Won -
N

o rUn IO Tun
Yatisg

-

4
%

500

'-I

L&



Patent Application Publication  Aug. 25, 2011 Sheet 3 of 12 US 2011/0208462 Al

Hinmina e 4 sz}mg}ia i}i‘zu{. ﬂ} senerEte a

_ first plurahisy
of interacted gkhﬂw*‘;w and & second plurality of Interacted

g}? OIS

SRSt TS e e e e e S N e N A T I A B A U L U I U U O B O

et e o bt

B T TN L N B 4 ; ; Y
gfﬁﬁwjh’%?‘é%‘ _'*:-a.ﬁ“ ‘E*-E §‘=’ ;‘i::gfi }§ E‘:%iﬂ’ 3 §,5 f:é }33 *;mm%ss. 3“»2?’3 x:t kel
dis

SPErsIVe spectrometer i peapre 1 referonce spocty 1

B

L
el e e e e e, e e e e e e T S e, e, e e e e, e e e, e el e e e, e, Tl v e o, el v e et ) e e, e el o e, e, T e e v v Ve e e Vil e v o e, v Ve o O S e u e, e e e e e et e ) e L R, e e o e o O R e L T

i e

Passing suid seeond plurabity of interachs
-%%-‘smwzi v i m% ﬁ %3##'

5.1.1. .#
Wﬂ:
;W-?"-t
M
.
e
pRE
K
g,
o
-y
(R
Sonl
W,
Wy

o ey e e e e S e e e e e e e e e e e

....................
W W W W W WL W, W W W W W w W e W W w W W w e W w, W m w e w, W, W W w m m e, W W m e e e w, W W, W m w e e, w, W, W W w w, w, W, W e, W W W ww w WOW W e, W W W W OW W OW X
........................................................................................
-

.................
s aCacalalaCacalalaluca:

................................

............................................................

1 srid est j-'_’j @ g;e& jied ihﬂ‘h B éa:is,,m e gmean § oo
. {#j ﬁ-;ﬁ%{gﬁ,% ¥ _______

W W w aw a w W e e e w, W e vm, e W W w ow e W, W, m W, W o m W, W W e w w, w W W w oW W ow W W wow v w el m el om v m el m el e m vl m e, m W m W m e w W m m m o w mm wm wowomow W w W om w om W OW W W W W
- .

Lomparing s:.i maan E_i:“f% %§’sm geiess '@‘i’%’si z’""é';'w;s“;n >

s T el
"} EEI N i%

':’;**

e”}
ﬁ
Ln'a'
-wi
-.«.«.5
?’
m
';:.?.-
Pl
P
H-H
g
s
At
f"”
*‘:i
4"".}
L
‘"ﬁ
L
i
3:"'
£
‘.r-
J—'j:;
‘5.
o 5
'.:'o’-
1:*-‘*-5-
=
W

. .
.................................................................................................................




US 2011/0208462 Al

Aug. 25, 2011 Sheet 4 of 12

Patent Application Publication

. . . CE R S S L S N S I S ST S S S . = u - Y T Y T Y T T, T T S U SR YU R TP T T Y L
3 3 3 3 3 3 C R 3 L L 3 3 ] 3 L Jr. J 5 A N o L oy i O A A A ] o, AAL LN N LA 5 i i
R A P A A A R A R e R A A W A M A A AL AL R A M AL AL A A M AL AL AL AL R A A AL R AL A A A A A R A R A R A R A R A A T A A A I W A A A T A A T A A T A I T A O A A A A T I A A A T A A A

o L N S W VR RN R WU YR Y UL U Y S Y

D il i i i e o
i LA K A

o S e e e e e e e e e e e e e s
Himbia 1 T T R T H !

P

Agd

VN W W e e el e

i (SIROBNUSARM] 1

I

F
W,

-
'

o e

. AN R e e
.. .I...l_...l..._l..l.._l.._l...l.-.l n . .
. .I.l..I...l...l..l...l..l..r.. . ..1.._. . L ..II”lil__l.-.. I.-.Ll.-l..-lll.-llrl-_l.”.l_ T st oot
e " l...l...I...l..l-l..l.l...l..ll..-.l_...l.”.l.”.lu.lllwl”.l..-l..-ll.. P ... II.-I e _-_I.-..-I.-.ll o .1.”._-.. ' o o
a’m e . .

T
k.

e

e e e e T e T T T T e T T e e T T e T el M e T el e e R M e T R e M e M e M e W e M A et e

A

A - ]ﬂ%ﬂ..ﬁ .
. ”_- il | ll.t-lv_-_ll.-l.-.-. . . .
w vy ) T Ty .l.i.rl.I.._ .l..-_..-.I._. _.l-.....r.l. )
. - . P . -l—_-.llllllllll_l. . . . . .
- A AR PR

| T N T R, N TS

AT e T § W

[y

] AT F A NN AN N N NN W N AN N N

Aol b b ol b b T

B i i N I R R I R I

]

: iy 3TN e
._m. i N?."ﬂ..m i x E

L
-
»

Mo N M N M W W W M N NN WM W N MWW Mo N MW W W W N MW N e e W W W W N W W W W R W N W e W W W W W N e MW

E e R N R N N N N N N N N N N B N N N N N N N N N

o e e M N e MM kM

LR T A A A A A i i

RO A A A A A A A A A U A A A A A i
JO it el el il el il [t "l el Vil il PPl T ¥ Pl Sl TPl el T Pl el .

o e il e el

A A A I A A A A A e A A I A A A A A A A A A
X A XA A . X

P . il ] i ' ' Pl el el

N A A A MR A AN



US 2011/0208462 Al

Aug. 25, 2011 Sheet 5 of 12

Patent Application Publication

o N R N R N N R N N N R I I T o N R o o R R o N T I R R T A A A T e s s  a  a a  ea I S e

- -

™

2

! .
.H 0

i

‘2

™

u..u._v.“___u_.____u...._._u..!u..____u..___“v.u__v - s

LI . LRI L I L DL R D R N DL U DL N L NN, L DL L IS, N S, 'L N YL L UL YN L N PN PN PN RN RN LN RN | - - ..l-.l.l.u-.l LT L P | .-.|- J..l.lu-.l..- | PN L S R UL N S | ’.- ’..r n H.IF 5 - .-v F M
P MMM BB RPN N NN N A e A N N A A R P e i A e e R P A T e N R N B N N R e N M N A e N T R N R e M MM N B A e
W A M A o \

S e

A A i A o e , ] o , ,
3 A L, 3 LA LN LN L 3 L, o A o

g A o M A M A A

, J S A A o i I i o
ot A e A R e i e i i e R i e e e O o e e o o

7 .#. %“ gt M“W. "
AN WS :
N . .H.l' .l.. ..I.J .,..l-. ...l' . ”
Y ... . " 32 ... “
_ o FEREN e
AN N ' M.i.t." “
¢ : R
‘ ; ey :
[ - . " M” . ”. - >
i - fﬁﬁu " H ﬂ
) 2
o 2
4 s
. : ;
: . : :
: ” : X
. 3 K . ﬂ
oy ~ | o N,
" b 2
w - r “ ﬂ
] 4 :
I b 2
- . s
/ i oannn g
Y SO .
W ol .
q_- .-"l._. R 'y ”
bR o :
- 03 _ Hu.wm”m..u...uu s
L] - ' a
- i PR LT Ly $
: aond
b . - . s
i

-
miw
T
)
)
F

PR IR iwf:..:..;....x_w.._.w_ __.ﬁ_&_,.m"..m
S R A ) < ﬂfu. T{{ e
oATROty IYEE NNV e e

&3
o

N A A A T A T T T T A e O e e Sl g i e i i e e i

. ' . . P e e e T T S T S T N T T S S N O N T T N T S Y .,..- -...-..-.....-... .l.- a_ A, .H..H..H. H..F. .H.H. A, .-..l. - [ T T T T T N T T T T T T T S T . T T
L A A A A A A A A A A 0 A A 0 0 A 0 0 A 0 A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A U U A A U A U O
A Al At A Al ac Al e a aal araan ar a ar a  a A A i i A A ) 0 o A



US 2011/0208462 Al

Aug. 25, 2011 Sheet 6 of 12

Patent Application Publication




US 2011/0208462 Al

aaaaaaaaaaaaaaaaaa

T A Yy L Yy Y
.

aaaaa

Lt IS I00 WMW.@; mmm wmmﬁ.mmm ..... P DIES U mmmﬂd

Aug. 25, 2011 Sheet 7 of 12

§14

P L T i R TR T L L L Ly

Patent Application Publication



Patent Application Publication  Aug. 25, 2011 Sheet 8 of 12 US 2011/0208462 Al




US 2011/0208462 Al

Aug. 25, 2011 Sheet 9 of 12

Patent Application Publication

+ .
FEPECE] _,” _._...._m _...‘,w.

Tk

_,_

x

it ol

.'.'.'.l.l..'.'.l..'.l.'.l.....'..'.l.l.......“.‘-.‘-....‘..“.“...‘. .'.I.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l.l---.l.l .................

%L

3-2"“-
-,
Tt

-

L]

.

e W Ay Ay Ae A e e

&
u
'3
i
i
"
i
- - - - - - - - - - - - - - - - - - P B - - - . - - - - - - - - - -
" .‘*-----‘-----..l....'--‘--‘-----i--‘--.......-‘i---if.“.ii--‘i-‘-l.-......-........-...........l.l.-------‘--"""'i..
...... . e
i
"
i
-
W
i
i

CRiYAY
H_

P A A w 3
ﬁ%«mw * w.“.u ¥ 3
i

. . *..

e i

100-000T4W - T U85

.............. \ i et —. N o .- . 1 _E_ o i i . i Pt P i N L L L
. . ] oy . ¥
. . . . - ! W Uw *
] L e ¥
¥ ...' . oy ¥
N W 'S ¥
b _ S o _ :
. .I.lnl.l..lI.I.l.l._.ll.t.__.itiil.-.t‘r..___.titi.&}}}}}}}}}}}}}}hb .}r#rkttrrb.._.}.}..t}...r.t.}.}..t}..}..t}.tk.tt.._........___..r.....___............-_.r................__...-,.-_..Iﬂ.l.ll.l.l.l!l.ll.ll.l..l.l.#..f....##.......-_..___...__....___....___..............._.............._............_.............._............_...._...._..._..._.i.._..._..._.._...._..._..._.._...._.._..:.l.-.._..._..._...._..._...-.ll.-.Ilt.tltlltliilll}.llli._._...._..._..._.I.._.lli.illl.l.ill
. . . . e e e . . . . - .. . . . . . . . . ¥ ...
3 ._. DR . C AR T Y .. I LI A ) s .
v ﬁn oA sy 3 4 Fy e ¥ i o
.—.."-. o .““. . 3.- Ve o . v ; .
b | . i : :
L k %
#.TII.II lllllll.ll.ll..l.l.l.l.llll.l.l..ll.l..l..lllll o ar e owr o owr owr i b o .Tll.tt..qtll..q..q..ql.-.II.Tl...l...!.l.l.l....l.!l.l..-_.-.l.-_.-..l...-...-..l..l..l...l..q-...-..l...-..-..-..-..-.l..-..-..-..-..-..-...-..t..r.t.....l.t.t..r..r.ll.!.l..l.!.ll|l.||ll 1ll1l.l.T".l.ll.l.l.T.Tll.l....q.l.l.l.l.l...q.l.l.lIlIlllllllllllllllllllllllllllllllllll.l.llﬁm
e T Ll o R R T T e L e e SRR EEEEEEREEEEEEE S
”ul . ] ._f r r.ﬁ A . - .V_ 1\ _I.%I “ “.-.
e - . I 4
n W A M mm ‘mﬂ? : .. L il m‘w. . g
3 ol 1 " *y
] . . . . T ' ..-.I.
.Hl. U- . .*‘
o . . .. . .o ¥ ._._-.
"-h ................. .'--.-.' ..... .'. ...... dn der o an oam am am oam oam am dn ..'.t.tt.t.t..'..t'.t.‘.'.‘"."‘...‘".“.-‘--‘--‘--‘----.. ---“-'--.".I-....'."""II.I"' IIIIIIIII .'.'---.'----.'.'-.'---.t.t .......................... -----'*".‘""'*l-
B T T . . . : T s e T P . T T L T e T [} i.
“n - ' .I.l.. 1 .-..I.___.l ' ~'m .-..“._-J_ “1.-. - " uI Y ) v....-l .ul L : ¥ ... )
.-n . . ._ . . ¥ J'.l . K ¥ B W._l. . i ..'l '
] . B S r- W .__..M“.-. ﬂ . . o Al.l W E M " W o
..-... S .l_.. . . ) . h.;l . L .- . . - ..I_-.. . . ﬂ._.... i ..I
3 . ) : N o
4 . i .1
._r“l e m e m e aimmm  wn ow on m m'on’ oy ' o m ' o A FORICRPE): JU PR . e i e e e e e e e e e e ._..._. AR -..r...r........._....r........._....r.........._....r...r - ........_...._.........._...._...._..I B R PR ._.....__....._...........__......_..t..t..__...t..t....___..i..i..._._..i..
i PR e e e L W T . . . ' . . S . . . S . R . T
g ) . m - a k . - ™ 1, . -.__. !..._l,....l. _-..Iu | . [}
“.4 u_ -_I..J i ' ..-J._.-. .i..- [ . e . .“..-.
g} | o P w. b T f
.",._ . L - . . L
o . SRR 1S ”
. .l..l..l..l..l..l..l.l_l_.l..l..l.l_l.l..l..l.l...l:l.l.l..l.l.l..l.l..lll._-.llll_-.-._..__.i_-._-.i_.-__- rrErr rErEr e e Ep e e e ErEr E R e e r e e r p e p e p e EpEp r e e r ErEr EE e, _1_1_1.1.1.1_1._-_1_1_1_1_1_1._1._-..._-..._-...l..l.._-...l..l.._-...l.._-...l.._-...__.._-..1._-..1._-..1.1.1.1._-.._-.._-._1_1_-.1.,-. FFFFFFFFF PR RN RS EEEEEEEEEEEE R R R R R R
i . Ly w g W p) .:wa. m . Sl m 2 4 oy e 5%
Lk . wa ' - N . . v . . B . . . -.-.
] L] - l.. . f. #-“w r .
oy Y . - . . . . . . - . - B . . .. -
.",_. M!.n N N ! ."- S RE A W ..-.-_.... PR - m TR .t “’.s_. % : ..."“
H . ' L . ' . ”- H
i ". e '
”I.‘..-. ............... .,.I.,.I.I.I.I.I...I._.-.I.I.I._I LR ] I...I.,._I.,.I.,._I.,.I.,.I = I,.I,.I,.I.,.I,.I,.I...I,.I,.I.,.I..# rlrlrlbl.r.l.rlbl.r.l.rl.rl.r._-.ri.r[..-.,ll..ll..ll._-.- - In-_.-.__lm__..m_l. _-.._l.....l.__l.-l.._l...l..,.__-.,._.-..,._-. rreneae e et p et e et I..,...-..,.I..,...-......-..r-... i‘é
|I . . - . . - - . u. . l_. : - - ”- ....... .l-i ..... 1!. 'l. . “-. S __I'._. aa’ .li.l . J- ........... ....I . . . .............. - ﬁ
T“. . Jﬂ i” w ) T o k lv : .i.l. .I.I -_l ...' .J- '.
[H I% . . T L& 5 T O A
b : [ - ¥ . .
”-u. % . "r JI_..,. . ﬁa . .|I“I . l..-..-“-. rul. a..l Ml.\ \W . % NW
" X . . 4
1'.- .n .A
w...i....._...yvi.,..,.i.}f.,..i ... e i i i e ”}x;”}.+”;”;x..*.*..x-”.xu.,. i S e T "
-_“ N Iﬂlﬂl m i ....-. -.1... .-..-..l__.i ..... . . ..l_m .. M
i iy .” T P
-.- [ l“ . ¥ . ) "
2y . ".. © % s e . wl.f_ M A
-._ ]
| A
-. . . L] . . . . . . . L o
..-".- - e e L b P idsd-dSAdESEESEEFTEraw e - == ...% PN R e ) .i..l...l dn dp dy dr e dy .I”.l dy dp dy iy .I.”.I..I e e e e e e e e e e ol e e o e e e e e B e b e e g dp iy Ay iy oy .I.”.I L E R EE & 2 FEE F | .l..l...l. bbb ihabhssas s aaraanara ..l.._l..l...l.._l...l...l.._l”..-....-_.._-_...-....-_.._-_“..l...-_-._l...-....l.._l...l...-_.._l..I_.I-._-_LI..l-.lkl_.l..lkl..l-.lkl...l-.lkl..l.-.l..l..l “
e S L. ] S .
1 [ ] - .- - [} -
.." A %l V. -il_q-_ W £ “. J.ﬂmt.x.m.l..._- ...... . ...lu_....ltui...l.. . ay .
it " .p.- ' S PS¢ Nl .w vy x
i Ak a . . .
-“ ) 4 mn _-r___-..ﬂi? .ﬁ.....n.. . o .-kl.- . l.h )
! . . e H L. . i S - L el e Al i .
i *
# ----------------------------------

" .I - - .._. - -’ - - - k) ... - .l..l..l..l__.l_.l...l".l.".l_.l_.l_.l_.l_.l_.l_.l_.l_.l_.l_.l..l..l..l..l..l..l..l..l. .l..l..l..l.l..l .I..I..I..I..I..I..l_.l'.l_l yl ol ol el ol e ol ol -, I....-..rl..l.-.l...l...l -, I-.I_..-_...
+ r . e s
- -
- . ..__-a. . L . . L .
LT o :
”Irl.._ LA e . . |
’ : |
X
b |
IIIIIIIIII P Ly .-. - ww - a - I R, ..-._.l_ e oy okl - I..l_.l_.l_.l__.l_.l._.l_.l__.l._.l__.l...ln_rqlnjt}-]hrr}trt}t}i]tl.ﬂln}n.ltlrlrirlulr.lr.lrlnl ol ol e o
. X
.-_.__l_ x
r : - ¥
.?. ” g =y . .
L] 4
. -l ' . ¥
. -l x
. .-i )
-'.I.--..--.I.-.I..l.-.l...'.l.;f.i...f;f.i...-_.* .}....-.“..r“.}.“.i.“.....“.....“..-.“..............r...r..l.._l..l..l..l. .I = .IH..-. - ..l - ..l - ='a .l..l.._l..l..l..l..l”.l”.l”.l”.l”.l..l”.l.-.l.kl.-.l..l.kl.-.l.-.l.kl.-.l..l.kl”.l..l..l..l..l..l..l..l”..l”I”.l”..l”.l”.l”.ln.ln..l”.l”.l..l..l..l..l..l..ln.l - "
1
. H
1 M- .. ... . T _H- s - ¥
S L ¥
. W #ﬂi . A .. . X
P I . L i
. "n ¥
o i
.o . . . . . . . . . . . A . . . . . . .. . . . . . . . .. '
T e e et L b L R R P R R R P s E R L Ry
. LT i
."- L - _a_.l_.u.l 1 iy
?wﬁ... ,. w T x
£
._.“ . m. ‘: .E L .
1 D L3 . «
s i
A i
. . [} . .
..._1...._1.fff{.‘;i;&r;i;‘;.‘;i;&r;‘a‘;‘ e s .l...”.l e a .-.. ._-_.. .l... - .l... .!. i e i e e ol e ol ol ol ol e o e e AR .l... N A “
gEis 21 , _ SAmMpIathunis
. . . e .
.M. .tw_i R E:
R il S oy
)
................................... + x
. TR T e e e e A
. . )
. H ¥
v )}
. )
e W
“r )
]
L}
“x
Ty
L
T
- e e e e e e e e e 4

l-_l.__l._l-_l._l...i-_i._l..l...l...l w _I " I rrrrrrrrr s ... l_.l..l..l.l.l..l..l_.l_.l.l..,.l..,.ll..l.l.l:l..l.l..l..ll.l..l.l..l..l.l:l. e

R —

L L Y XX ]



US 2011/0208462 Al

Aug. 25, 2011 Sheet 10 of 12

Patent Application Publication

e Ry A " _.u___...u_ g .-ﬂ. N .nm. n.
Pt r r '
u“tlw .lt-_ .'. ....-M-h.. ___..I“...M - un |.I_. .r.l.l “..- - W__H .ﬁ '
n__.l...-.- .ﬂl .-_.l_ l.-. . et Teet .l._m ..l...l. 1-1 -, - .l-.l.-__-
., - rrrra - .I..l..l..l..t...r...r..t l.}..t....r..}...t...}...}...r....r..l..‘I:r.-...!..rl:!..r. ..!..!.I1.I1.I1..I..I1..l...l...l...l...l....l...l...l...l...l...l...l...l...l...l...l...l.. rEessrrsrrrrrasrrg'rrrre e’ - e ' e e ', l..l...l l..l.__l-._l...l.__l et - R ol A ';l;'i‘fff;l;lsl;l;}fg% l..l.-._.lq_l.._ln._ln__l.._l._l.._l.._.l...l. - In.._l.._.l. -'m'e e l:l..l..l..l..l..l..l..l..l..l..l..l. ...l..l.._.l. -'. .fffffffffﬂlﬂlfﬁlﬂlfi‘ﬂiﬂlﬂlﬂlalf .ln...ln__.lq_.l.._.l. -le “i N
. - ¥ et
M M m i” .“- M . .. . }ﬂ
. - L] c ]
& * v . - . i
] - L]
¥ i ¢ : : y :
. . o . . i &
. . a . . . . a b
¥ 3 » : ' *
L T k. ' * R w
. . Lt . ) - "
3 ; » : ' 1
A . . . . | ]
] 2 F i + 3
. o= . . . . | ]
. & g . , . " .
.= L. . . . L
-4 gL 4 * :
. . . . ]
X ‘ : _. h_ E
R o " . ' ; g
B * ;) ; + . 4
@ » » . ‘. ” 4
& 3 » ” v g
: & & : : . : : * L : BN
. T e T . U T PR S o . I . R I A L T S T R o s e T o T I i i i R i A o o R o o L e T o T o T I I T i T T O T e o R I O o e T LT R D L T PR o B P o o] £ 1“
- P r . . » . L . . . L3 . LY
_m H F ’ . *
. - . . . h .
. Y .-.. .-“ . » ._ r .
. o . ] . .
e nrernie e kN ) v ' > "
i W F I e e N - - . .
r . ¥ ] .. . . .. . .
”1 e B L. l-ll IIII...H " Illl . . I L _.I ... .
o T
- - . EREREE T )
- I e I-IIIII-IlIﬂlﬂlllﬂlﬂllﬂﬂlﬂlﬂlﬂlﬂll " -l o .-I . L] l.
- . - il Hﬂl . E xR lﬂﬂ! Iﬂﬂlﬂl -m R ”‘ ] i . ‘
el o T . " __.naaan__.nana - . .- -
_”.-. o ll " ‘- Ui_ * " ) . P . . . ) ‘- k-
' IHIHIJ.. i i o . lﬂllﬂl n_n Iﬂﬂﬂﬂﬂﬂ aaaaaaaaaaaaaaaa e i i . i i .
e - - - - IIIIIIIIIII-IIIIIIIIIII-II-II-II-IIIIIIIIII - . - -
....+. o a:naaanaan“al ‘Bl s - . w..l.n.n.lnnnnnananannnana na": a_na.a . . ' na__.“alﬁ.-..._..._....... __...“__...n. : . an__.... , : : nnn...
ii . Iﬂﬂlﬂl“" | ﬂlll l " I‘I‘b { iy f.-. l. e - - LI | g llllll lﬂﬂﬂ"ﬂ - g ' d .n. . L I-IlIlIlIlIﬂI-l-l-l-lIlI-"lIﬂ"l"lIII-IﬂIlI-IlIlI-IlIlI-IlIlI-HlIlI-Il“IIlIl“lIlHl-lﬂlﬂllﬂﬂlllllﬂﬂﬂllﬂnlﬂﬂ !-
. ' .|I. Iﬂﬂﬂﬂﬂlﬂﬂllﬂl Hﬂﬂlﬂlﬂlﬂllﬂﬂﬂ . . -4 . . . . . - 4 . . . L
.-.__ . . - . . [ i Illllll 1. . - . LM .
‘. : ST o
. . 1 .
5 i : i ¥
L3 _.“ ¥ .._ w
........... . ... ... . c e e e . . ... . e e L - e e e e e e e e . e e e .. e e e e F T . . . Lo . .. . ... .. e e e e e e e e e e e e .. . . . .." .
et s el e el el el T e T e e Ta e el e e e el e e e el ey e e e el e e e e e e T el e (T e e e el el e R I I T T T B I s L
. . . N . . . . . . .. . - . . % -
_ . "‘. ".L “ -.. ..“ ..“ .
[ |
3 ¥ g v . ¢
L |
s A b Ll - o
. . L]
A 1 . o = i
ua“__.l . Y ._._._ ' . LA
w_x_r I o o “ [ . ]
e ) N ) v b g
.-.Illl 1) " -l LY 3 ...". “ . HI"I"IH .
b . . L i, Y =
" - -__ .." " P n.. o aa__.nall L TF x.x.ua ] __.l"x"n“n
. . Ny . . SRR W xx Ll L] R e e ul
¥ ana"u“al R W ] nnnan__."an & LRI e n. b "
. A lll g lI"H"ll ' e . .-.IHI H.:lx x vx "L
) . - . . .. e . [ A iyt
L] L - - & e R R B [ |
: s n_e e e Ty N
W nn:“ann"n._ et anaan“a"a“n"aanaanaa o .ul"..“ananx Tk u_n KX
"n i e S Sl e e I e e e o a ¥
. - H E K E_IE E BN . .
. iy " =l Co B
;. » ¥ ¥
. e C ‘a .~
L aw N - . -
- - HFHHHHH - e alalalal HFHF”HHH . ‘. . "|
A ] xxnxﬂxunﬂx T xx”r.”x”x”x Ly, | ..H.H..... T . v
AR i : X A w x g I ) ‘aa . v
‘axnx . .y .: . . Ly ] ......xxaxxxxnxxnnax ol g : : . ' T .xxxx N}
HH“HHH”H l_.l_.lr..l...l...l..u...u.. - H”HHHHH” H.H,.HH Ao HH e HHHHHHH” - .H e - . _ . C e . . . . K .p-_ . . . ' . Lo 1.! "y H“H”H“H”HP » RN .H.H LTy Fl?l”ﬂ”#”ﬂ” : .o e e e . e e .-_” ... "ty
H Hﬂ”ﬂ”‘ﬂﬂ# v. il H P H o H oy Hl”ﬂ”ﬂ”ﬂ”ﬂﬂ —.. My ey Wy w- L M . W Nk A ..I. . .I_ - ”.I'L S m .- _-.T.I - - g gk “«lﬁ - gk gl Ay Ay W j.‘ ..l.r H”HHFHF” - I.- -yt { Lt F“PHHHF”PFH . H}H - - H’.HHH.HHMH - LR B vr.ﬂ.ﬂu__?xrm.m-. MJ‘M
F - - -. - i - - . . - . T - . - . . . . - . . - . . . . . EEE _. . N N XK r & k4 o 4 BN '}-"f.. Hx’.x’.’”’.! ....... ’xxxxxx‘. h . i
L] 1k I . lﬂxﬂxﬂxﬂ E HH H A - . o e . Hﬂxﬂxﬂxﬂ ¥ L i . - . . S L] I A e ey HHHHHHHH .f.'..l..'. H’. HHH.’.H?.H.HHW y " L L]
. +nxa X LR o .H. ‘. AN P .a..x..x axnxnunxﬂ ' . .._". h o N .H B o o o )
", i . . ’ ’ x .xxxxxxxxxn- TR PR e hm ‘m ’ ’ v ’ ’ »
e x, ..,xxxau..xxn : iUt e - “
. . .'
3 ’ o B . :
. ¥
- * A k) ) £
. L ]
..... . .- oL . .
.l..l..l..l..l..l..l..I...l....l....l....l.....l...l...l...l...l....l....l...l...l...l...l...l...ln..l...l..l.._-.._._In..ln..l... ; .o .“ 3 .n.- . L] H
. . N - .. . .
. ._..- . . ...ﬂ-v...._ .. ma . . § L i A ¥
. Mhii#.u“‘MMi‘-“”Ml‘” -i“ N . .___..-..I“ NI . L LY ..-...-. - ”
e T S . . _ _ *
. el - ) + 3 n ”
rnl &. . T rrrr - -4 . - ., K » 4
% . . . ¥ 1 2 .._ e
..... ] - . .. ‘4
. + i o 3 v
. - L . T . e .- i
.;Mx_ Vo § e ¥ . : p
b-m - ¥ * -“ i .v_. - ¥ . . Y .-" » M
..... e e L . : : : il . »
. . [ » ) .ﬂ. . .-_ i
o N g O O A N A LT A AFAP AP AP L. .. " - . “
* - - % - L) ' i
¥ - _._. S W - ‘.
. * b . . . "
. .I..I. N A -.el.al.al.al...l...l.;l..,l.xlnrl.;.l;.l;.lal.al. .l..,.l?l..:.l?ln...l. .ln.,.l.;.l.;.ln_..ln_al.;.ln.,.l?l. .%‘fﬁt%%l.}i&tt} .l._..l.._.l._..l?h...lq..l._..l. .l..ln...l....l..-.lq.l._l._l....lw_l....l._..l....l1l.._l .l._..lq_l.l}tlal}l}ljljﬂflmlaalagglffgfgi.fff.l. .l..,.ln.,.ln.,.l?l?l?l?l?l.;.l..,.l....l. - .I.....l_....l,..l....l.....l.,..l.....l.....l.....l.....l.,..l...I. e O e B A A A O .I...l...l..‘..l...' _I._I..h_l_l..l. e e e O A O O O O .l..l..l_....l_....l....l.....l.....l.....lm. “ m
..—_....l.ﬂ

w_

N
Fa ¥ ....l &
m IR TE

.r.-' .l...-_l .‘rq.r

.ﬂ. 7, . mmm m.." m.w. ".ﬂ
1...I_‘.-_.. l..nl.“

B

o

wﬂ

..l- .

gy’

e

i
=,

i

*..
¥ -

L

ke
L3 .I"-

. e,

.Il'
|
e

. _;E:.3 L'

At

.
oy

¥

1

s



US 2011/0208462 Al

Aug. 25,2011 Sheet 11 of 12

Patent Application Publication

pnesusdiun? Sunieiadius] oL SUUBTRUSUREL D

.a-. ..... aﬂlﬁj—.

orresuahiuey 3 mﬁmﬁm&, YA SDUBIIHUSURIE |

. -......-iii"-i.-.w.qiiii.wi”-i.:_.1..4:..;1.1.!.;1 !_:_it...t.:.:.:__......:.:.:..............-.u.-.-.-...-...:._..1._:_:.-._:-.._:-._..:-._:.-.-._,ﬂ.-..-..-l.-l.-.-l.-l..n.!%l..l.l..l ............ mm———— o ....t.....tt!..!!!!-!rrr.Prrrrrrrrrrtrrrrrrrrrir!.LL.»rr.trr-r!rrrrrtr!rrr!rrrrrrr e e . AR .l e el
mw g WH” P w m\ v m_ ”m” mti ..r_- _h.u_.. w d m . “m__. ...... m.a. ,m. e imm a 5 - ..w o .__._‘.__.3 i
63 oSSl S § .w.\ . Y b5 ] .w NETE T Grei TN :
e £ .n.{ : .ﬂ 5 A NP v ) “u a.._.r.. %w M ,,m MWMM w .,__._.. W > Mw .p@ M.. M 3
b ’ . o A . ' W IR L - X . o *
. A g0 oL e e e r g iy 2
.- - .I.__.I'I'.l-..l'.l—_.l'.l-.l'.l._.l._.l—_.l'.l'.l"_.l._.lr.l'.l'.l' .. .l.l.l.l.l.l.l.l.l.l.l.l.I.I.I.l.l.l.l.l."ul.l.l.l.l.l.l.l.l.l.l.l-.l.l.l.l....l.r.l.r.l.-.l.-.l.r.l YR .l._..ln.l...l....l.__.l.__.l...l.__.l.__ . lllllllllllllllllllllll b e e e %.I ke ke e k" k" sl e’ ke b -
-..i. .1 .- ‘ y e e e .- ..m ...... .“ . .
$3 M 3 w | m__,.._ CEY 0 f.mw...ﬁ.w g m p 11
I3 R RRNG R b kel : ; 3
i . ¥ % St S N S S
.'.%. ........... ...................................... . l..l..l..._l...ll_-.l... l..:-..._l.__-.._.i.__{._ 4 - il{)lll]\a\u\%l}l:]-f l,-l....l.,_.l.-l.-l..l.._l.-q..l..lqlfl- .!.r..r.r..r.._q.!.r.-..r.r.r.r.r.r.r.r.r .rI.r.I.I.I.“..“.IIIIIII.II.I.I.I IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
.f. .tuut . u- m TS fi. “. EE 1J-i;rt ﬂ. ' -~ ;
\W, R R e S GE
ke ' 3 ;
3 Y . i m.... _". %a\ { o R 5
EL s . !
.-..-.. i [ ] 1
L . e e L e e B e .
.lill_..r ol il ol il ol ol o ol ol ol o o o o o R R A R - I% IIIIIIII .I.I. mEEEmEmEEEsE= l_ IIIIIIIIIIIIIIIIIIII A mmmEmEmE e EE ki e e b e e el oA Al A A x
.'._. ....II A t, ", - .
Ay e of o i R o s ' ot 2
# S M m.w L P S m..,u.‘ ¥ w_w v Mu..w.
h” e 4 N M. ﬁiﬁﬁfﬁ .ﬂ “ Ei rl e “” ) E.#l.
¥ - i “ “. . .
vl - ke A A .-. .-. .-. .-_.-. - .-. .-. - .-. l v _-. llllllllllllll _“_-....1..:“- it L-...i.._.r.._i....r.,_i__i.,.i..h-...r..F;P}P}P;P}L“P}EYYPLYE% ..... 1&1}1..1:}!,1{,1&{&.{._ ' ..- et 1-_.l._..f-_.fl.,1-..,1.__ - . .1-_.,...-_._..-_.-.-_.-.-..{.-_,.._.._.{.-.,_..-_.{.] ...... i.]i]i.]l]ll,.-!l] - Il,llL._Il,Ll -
[} coas T T . . 1 Ty lm ....U“ II._ . i ‘' w_.i.l.._ ’ E
P BT ST ﬁ&mw @M
3 . T 1 O A . -.m £ ‘
3 y .-w w .m,._m W h ﬁm.ﬁm, Vm : Wl a...m. ; M LA S
“ “ ' ' ' | .““. . ' i ..m“ i.- .. ’ '.. ““ ' ' ) . .” .. = “ “ “ “ “ “ ........... ......-......-.ﬁ-.-. .H.I.r.m....—.-.- ........... “..m..“...- -..m..“..“.'“...
[ ‘n . - .1 . . i o . - .
ot s SALSLA LSS A S SRS LEASSS SRS ."“ lllllllllllllllll ...l...l...l....J”.l.r.l.l.l.l.l.l.l.l...l..l..l...l..l...l.l.l..l...l..I“.J“.l E TR RN PR ERERERESERERERERRESDRES:SE®R®RJEJ;RJIRE.] L MM‘I_“lJt“lulﬂ. ._Wl.._.-.lt.m W”‘hl._lm-. Mw ..- B . - .q. . m
e L T -~ . . A T - SEEr- R
i w.l kS m.w i m“w M S P . ALV AR R .hf s ....T
” wia "| . .“ . w “ mff.Wiﬂ. m “ - - -, g, . ”
¥ ! '} i . 4 e A A et S }.f...}_ L ) e
8 w “ o ' oo .o . - ..,._ _.. ._Ea.____.r . g m
s l_ '“.l.”.l_”.l_wl”..l.”.l.”.l.”.l.”.l.”.l.”.l.”.l_“.l.”.l_u.l.”.l.“.l..l-_i._l._l i.__.lll.._i._l l-_i...l._l-_i .-.... ﬂﬂt&kkﬂﬂkl&&lﬁ&%% ; M M W#—.‘ MA . i m . .“
. L] X R L
..,: A R B S ‘ F : S e et et . 13 v B g
(R _:m_w IR S
" -4, .ql..-__. - . “ ?.. “ = .IPIPI.'I.PIPI.FI.I.I.._-_ ....................... .-_._..-.....-_....-_.r.-.lll I.l.rl.'l.'l.l..l.l.l.l.__l..-i...-l ......... M ......... A cymim i, . .-.'.
| : ) : TN PR A | . iy win g
e L overener s b : m;_.m.\ww .w...u w | MwM.f M. w . mwﬁw M ; mﬁw 4
. e e T T T e T T T S e S e e e . . K . . [] '
g - - ) l.- ._..l._a- o .- Y agn K Y . . -” i ' .
m_,w,_w;_mw Tm W___m..., wﬁ.‘w I . H S AR S R A IS a
-.. .“_.‘ ..n._n i " ..." l.‘h - . ﬁ. 1“. P- - .l.l.l.l.l.l.l.l.l.l.l.l.l-.l.l.l....l....l ...ﬂ..l......l..lt.l-.l A .l...l-.l.l.l_r.l .l....l .l...l...l.r.l.r.lm..l......l..... lln.l.r.l_..lp..lf.lr.lf.lﬁlklﬁlhlv.lhlf.lll L e
. . .l’. .
L "t .

lllllllllllllllllllllllllllllllll

-
"w-ﬁ:' -
:~':‘-f. |

WIUGPY WIS

********************************************

EE R R L L R e N L L L L L

LILORY _”

.l
- .
L |
-.l
-.-.
-.-.
-.-.
ir. .
-.-.
-.-.
. -...
L
F ]
V-

L] -I‘.F.'.F.P.P.F.F.lhl.F.lh

e
fen
Lo
wE
W
L
Lo
W
&
T
Tk
&l
33y
aﬁ

asreiadus

..iYiiiiiTTiiiiiiii!! i?tittttttitttittt#ti*ib#####b###&# e e e e B e e e e e e e .[bt}}brﬁbt}}}}#tttttktrkkkt##tbttt*b*lll!

m..‘..m..,. ﬂwdﬂﬁ.wwwg ﬁwmﬂam..

A N A A A nnnntnunnnnunnnmnnntuuuunuuuuu

. wwuwuHHw&&nn!tnntnnnnntnmtnunu.ttl.'.nin_lif

PRECAECT U R T S ._
(RS RN .}.,,......*..........,...;.......,....l144111.111111{:{1{“ww&......‘...{ad.:..‘.._1.11:_.::::: ._..u. ............................................................................. i
gm&mwﬁ W - ey ,.GE | wmm “é

%:!!E:il!‘.l”'!ll'.l..l"..l.l.‘.l._l.l.l.......'".l...'..l.'..l...."'.."..l..l..."..l.l..l,..l..l..l.'.l......I..l,..l..l..l..l..l,..l....l..l..."*"""‘*‘*‘***‘*’



US 2011/0208462 Al

Aug. 25, 2011 Sheet 12 of 12

Patent Application Publication

-k
iiiii
g
.-‘.I‘.

....
....
......

urEsUatiuoD- L A B
e g

$SE3CELE

LORERR

i3

et
b
it

Sl
§ODLSRRUS

L . - -

...........................
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
llllllllllllllllllllll
..................

.....

........
iiiiiiiiiiiiiiiiiii

lllllllllll
[ - F
iiiiiiiiiiiiiii

. . s i
o w EF
N L N T

.........................
""""""""""""""""""""""""""
1111111111111
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

MR L

b LAY



US 2011/0208462 Al

SYSTEM AND METHOD FOR INSTRUMENT
CORRECTION USING TRANSMISSION
EFFICIENCY

RELATED APPLICATIONS

[0001] This Application 1s a continuation-in-part of U.S.
patent application Ser. No. 11/831,088, filed on Jul. 31, 2007,
entitled “Optical Spectroscopy Instrument Response Correc-
tion,” and a continuation-in-part of U.S. patent application
Ser. No. 11/900,169, filed on Sep. 10, 2007, entitled “Tem-
perature Compensation 1 Liquid Crystal Tunable Filters.”
This Application also claims priority under 35 U.S.C. 119(e)
to the following U.S. Provisional Patent Applications: No.
61/303,814, filed on Feb. 12, 2010, entitled “System and
Method for Calibration of Spectroscopic Systems Which Use
Tunable Filters,” No. 61/324,963, filed on Apr. 16, 2010,
entitled “Short-Wavelength Infrared (SWIR) Multi-Conju-
gate Liquid Crystal Tunable Filter,” No. 61/434,034, filed on
Jan. 19, 2011, entitled “VIS-SNIR Multi-Conjugate Tunable
Filter,” No. 61/460,816, filed on Jan. 7, 2011, entitled “Con-
formal Filter and Method for Use Thereol,” and No. 61/403,
141, filed on Sep. 10, 2010, entitled “Systems and Methods
for Improving Imaging Technology.” These applications are
hereby incorporated by reference 1n their entireties.

BACKGROUND

[0002] Spectroscopic 1maging combines digital imaging
and molecular spectroscopy techniques, which can include
Raman scattering, tluorescence, photoluminescence, ultra-
violet, visible and infrared absorption spectroscopies. When
applied to the chemical analysis of maternials, spectroscopic
imaging 1s commonly referred to as chemical imaging. Instru-
ments for performing spectroscopic (1.e. chemical) imaging
typically comprise an illumination source, image gathering
optics, focal plane array imaging detectors and imaging spec-
trometers.

[0003] In general, the sample size determines the choice of
image gathering optic. For example, a microscope 1s typically
employed for the analysis of sub micron to millimeter spatial
dimension samples. For larger objects, 1n the range of milli-
meter to meter dimensions, macro lens optics are appropriate.
For samples located within relatively inaccessible environ-
ments, flexible fiberscope or rigid borescopes can be
employed. For very large scale objects, such as planetary
objects, telescopes are appropriate image gathering optics.
[0004] For detection of images formed by the various opti-
cal systems, two-dimensional, 1imaging focal plane array
(“FPA”) detectors are typically employed. The choice of FPA
detector 1s governed by the spectroscopic technique
employed to characterize the sample of interest. For example,
silicon (*S1”) charge-coupled device (“CCD™) detectors or
CMOS detectors are typically employed with visible wave-
length fluorescence and Raman spectroscopic imaging sys-
tems, while indium gallium arsemde (“InGaAs™) FPA detec-
tors are typically employed with near-infrared spectroscopic
imaging systems.

[0005] Wide-field spectroscopic imaging of a sample can
be 1mplemented by collecting spectra over the entire area
encompassing the sample simultaneously using an electroni-
cally tunable optical imaging filter such as an acousto-optic
tunable filter (“AOTF”) or a liquid crystal tunable filter
(“LCTF”). Here, the organic material in such optical filters
are actively aligned by applied voltages to produce the desired
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bandpass and transmission function. The spectra obtained for
cach pixel of such an 1mage thereby forms a complex data set
referred to as a hyperspectral image which contains the inten-
sity values at numerous wavelengths or the wavelength
dependence of each pixel element in this image.

[0006] Spectroscopic devices operate over a range of wave-
lengths due to the operation ranges of the detectors or tunable

filters possible. This enables analysis 1 the Ultraviolet
(“UV™), visible (“VIS™), near inirared (“NIR”), short-wave

infrared (“SWIR”), mid infrared (“MIR”’) wavelengths, long
wave inirared wavelengths (“LWIR™), and to some overlap-

ping ranges. These correspond to wavelengths of approxi-
mately 180-380 nm (*UV™"), 380-700 nm (*“VIS”), 700-2500
nm (“NIR”), 850-1800 nm (“SWIR”), 650-1100 nm

(“MWIR™), 400-1100 (*“VIS-NIR”) and 1200-2450
(“LWIR”).
[0007] Inthe case of Raman imaging data the real physical

phenomenon being measured 1s the Raman scattered light
emanating from a location 1n a field-of-view represented by a
pixel in a data set. The Raman scattered light passes through
a set of 1maging optics to a detector. In general the optics are
fixed components made of solid materials with stable optical
characteristics. In full field-of-view Raman imaging of tis-
sues, one of the optics 1s a liquid crystal tunable filter spec-
troscopic 1maging element. This 1s a dynamically tunable
narrow bandpass (—0.25 nm FWHM) filter that allows 1imag-
ing of the same field-of-view at different wavelengths, with-
out moving any optics. The specific advantages an approach
based on this hardware are realized 1n the speed of acquisition
and the alignment of images at different wavelengths. A dis-
advantage of this device 1s that there can be fluctuations in the
transmission eificiency that depend on characteristics such as
temperature, atmospheric pressure and humidity. These fluc-
tuations are significantly larger than fluctuations of properties
of standard physical optics 1n the same conditions and mani-
fest themselves 1n the amount of light that 1s transmitted, and
hence on the amount of Raman scattered light that 1s recorded
at the detector. Because these fluctuations vary with environ-
mental conditions, they manifest themselves differently at
different operating conditions.

[0008] Due to these fluctuations, an optical instrument
operating 1n a real-life scenario does not have a perfect or
ideal performance for all wavelengths of light. This 1s true at
an optical component level, at an optical system level, or both.
There exists a need for a system and method to overcome
these limitations and provide an accurate and reliable means
for determining transmission efficiency as it relates to tem-
perature and other environmental conditions.

SUMMARY OF THE INVENTION

[0009] The present disclosure relates to a system and
method for correcting instrument response of an optical
instrument. More specifically, the present disclosure relates
to a system and method for correcting instrument response
using an independent system with a known calibration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The accompanying drawings, which are included to
provide further understanding of the disclosure and are 1ncor-
porated 1n and constitute a part of this specification, illustrate
embodiments of the disclosure and, together with the descrip-
tion, serve to explain the principles of the disclosure. The
patent or application file contains at least one drawing
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executed 1n color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Office upon request and payment of the necessary fee.
[0011] In the drawings:

[0012] FIG. 1A 1s illustrative of the wavelength to wave-
length variation 1n transmission of a tunable filter.

[0013] FIG. 1B 1s illustrative of the variance that occurs 1n
filter transmission over time.

[0014] FIG. 2 1s representative of a method of the present
disclosure.
[0015] FIG. 3A illustrates an image and associated spectra

for regions of a sample.

[0016] FIG. 3B illustrates the same field of view as FIG. 3A
after masking for pixels sampled by a dispersive spectrom-
eter.

[0017] FIG. 4 1s illustrative of a system of the present dis-
closure.

[0018] FIG. S 1s representative of a method of the present
disclosure.

[0019] FIG. 6 1s illustrative of a system of the present dis-
closure.

[0020] FIG. 7A 1s a data chart representative of an exem-

plary MCF SWIR filter’s transmittance performance with
respect to the temperature increment.

[0021] FIG. 7B 1s a plot representative of an exemplary
MCF SWIR filter’s transmittance performance with respect
to the temperature increment.

[0022] FIG. 8A 1s a data chart representative of an exem-
plary MCF Raman filter’s transmittance performance with
respect to the temperature increment.

[0023] FIG. 8B 1s a plot representative of an exemplary
MCF Raman filter’s transmittance performance with respect
to the temperature increment.

DETAILED DESCRIPTION

[0024] Retference will now be made in detail to the pre-
ferred embodiments of the present disclosure, examples of
which are 1illustrated 1n the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
[0025] The present disclosure provides for a system and
method which hold potential for enabling the evaluation of an
imperiect optical component or system 1n terms of its trans-
mission or detection performance. In the case where the com-
ponent or system 1s stable, the present disclosure contem-
plates that any deviations from the perfect or 1deal
performance may be measured and accounted for.

[0026] Ifaspectrum of this source were taken with an 1deal
instrument, the spectrum would be a flat horizontal line as a
function of wavelength. In one embodiment, an 1deal light
source that produces the same number of photons at each
wavelength may be used. When this 1deal source 1s used with
an 1imperiect istrument, however, the measured spectrum 1s
not a straight line. The real spectrum obtained from a perfect
source with the same number of photons at each wavelength
carries information about the instrument response of the real-
world, imperfect optical instrument. The instrument response
1s the spectral response. In general, instrument response as a
function of any number of parameters can be measured and
corrected for.

[0027] Inworking with optical systems, the presence of the
instrument response—1i.e., a manifestation of an instrument’s
imperfections or deviations from the i1deal response—is evi-
dent 1 both dispersive and imaging spectroscopy experi-
ments. For example, in case of a dispersive spectroscopy
measurement (e.g., measurement of a Raman spectrum) on a
sample with some background fluorescence, it 1s observed
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that the baseline on which the Raman spectrum sits 1s not a flat
line. The features in the baseline (e.g., 1ts lack of 1deal tlat-
ness) have a characteristic that 1s due 1n part to the optical
components and detectors that comprise the system used for
the measurement.

[0028] Direct measurement of molecules 1n intact biospeci-
mens holds potential for enabling the evaluation of these
samples without the use of antibody-, or gene-based complex
biological reagents. Raman molecular imaging (“RMI”) may
be one technology which holds potential for delivering this
molecular information into the context of histopathological
evaluation of tissue samples. RMI builds on the demonstrated
success 0ol Raman spectroscopy 1n the analysis of biological
samples by integrating full field-of-view digital imaging with
high precision spectrally sensitive optics. The system and
method of the present disclosure hold potential for optimizing
the mstrumentation so that 1t can perform 1n a stable repro-
ducible fashion to deliver this biological information to the
clinicians on a routine basis. The present disclosure also
contemplates that infrared 1imaging may hold similar poten-
tial for application 1n these scenarios.

[0029] In particular the application of Raman imaging sys-
tems to tissue 1maging applications requires a level of accu-
racy that 1s significantly higher than the requirement for stan-
dard use on relatively high concentration chemicals as 1n the
pharmaceutical industry (where this technology finds 1ts larg-
est user base). The system and method of the present disclo-
sure hold potential for enabling users to routinely apply this
technology to tissue analysis, overcoming the limitations of
the prior art. The system and method disclosed herein hold
potential for delivering information directly from the mol-
ecules which comprise a tissue, without reagents, without
destroying the sample so that subsequent evaluations can be
performed.

[0030] Varnations 1n the transmission of a tunable filter can
be demonstrated 1n a simple experiment by measuring the
Raman scattering from a standard material through a liquid
crystal tunable filter. The National Institute for Standards and
Technology (“NIST”) provides a standard reference material
(SRM 2242) that has a well characterized spectral response to
laser excitation. FIGS. 1A and 1B show a plot of this response
with the mean 1intensity of an 1mage of a piece of this material
as a function of Raman shift acquired with a tunable filter-
based system. FIG. 1A 1s illustrative of the wavelength to
wavelength variation 1n the transmission of the tunable filter
with the known spectrum of the matenial (red dashed line). A
single frame of the image stack 1s shown to indicate the level
ol pixel to pixel to noise. FIG. 1B 1s illustrative of the detailed
spectrum of the same measurement made on the same sample
at a different time to indicate the variance that occurs in the
filter transmission over time.

[0031] The Raman image 1s acquired over the full Raman
scattering spectral range. The image 1s comprised of a series
ol 196 frames acquired at different center bandpass settings of
the filter. The plot represented 1n red dashed line 1s the known
spectrum of the material provided by NIST. The red solid line
1s the intensity of each frame versus center band setpoint.
Along with the plot of mean intensity 1s shown the mean plus
and minus the standard deviation of each frame (blue dotted
lines). This 1s 1mncluded to point out that the variance from
frame to frame 1s not due to the pixel noise of the image
(which 1s indicated by the standard deviations).

[0032] The transmission spectrum i1s not smooth; 1t has
sharp discontinuities and could not be well approximated by
an analytic equation. The fundamental reason why these dis-
continuities exist 1s related to the operation of liquid crystal
tunable filters as a collection of independently functioning

liquid crystal elements stacked together.
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[0033] The tunable filter works by aligning the center band-
pass of a series of liquid crystal elements which can each be
independently adjusted 1n terms of a periodic (as a function of
wavelength) transmission function. The overall bandpass of
the filter 1s determined by the multiplication of the transmis-
s1on of each of the elements. In order to select a specific center
bandpass for the whole filter, an operating point 1s chosen for
cach element of the filter. During the manufacturing process
the filter performance 1s optimized around high center band-
pass throughput and high out-of-band light rejection. In order
to perform this optimization, operating point choices are
made that can lead to very different operating points for a
given element at two adjacent wavelength setpoints. Because
the choices of operating points are driven by out-of-band

rejection, transmission smoothness 1s sacrificed. This is true
about filters from multiple vendors with different designs.

[0034] If the transmission function were constant, a simple
ratiometric correction would be feasible. Data from a mea-
surement 1dentical to that shown 1n FIGS. 1A and 1B on the
same mnstrument and sample illustrates how this discontinu-
ous transmission curve changes over time. FIG. 1B illustrates
the mean and standard deviation spectra for a second mea-
surement on the same instrument. The assumption here 1s that

of all of the components 1n the system, the tunable filter 1s the
least stable 1n terms of behavior over time. This assumption 1s
supported by the clear presence of discontinuities consistent
with filter reset points 1n the spectra shown and the fact that all
ol the other fixed optics 1n the system have smooth transmis-
s1on functions over the relevant wavelength range.

[0035] Aninstrument response correction (“IRC””) relates a
set of measurable physical properties (the truth) to the output
of an 1nstrument (the measurement). In the case of the mea-
surement of Raman scattered light at any wavelength, A, there
1s a simple relationship between the measured intensity and

the actual number of photons that are emanating from a
sample:

K (}\‘)M cas O (}"“)IR C XK (}\‘) triie

[0036] Inthiscase o, 1s aunitless scalar that 1s essentially
the transmission efficiency of the system at the wavelength
being studied. Actual measurements are made 1n the units of
output of the CCD camera. For the purposes of the relation-
ship above, the unit conversions are 1gnored because they do
not impact the mstrument response correctionand R, .. and
R, . _ should be considered to include such unit conversions
that are necessary to move them both into the unit of detector

counts.

[0037] In one embodiment, the present disclosure provides
for a method incorporating the use of the SRM2242 from
NIST. Based on the instructions for use the method involves:
placing the standard sample 1n a Raman measurement system,
measuring a spectrum of the material on the instrument, cal-
culating an instrument response correction based on the
known spectrum and the measured spectrum, using the instru-

ment response correction spectrum to correct subsequent
measurements on the system.

[0038] This method may hold potential for systems which
have a dispersing element and either a linear CCD detector, or
some method of scanning the dispersing element as 1n a
scanning monochromator. With measurements based on tun-
able filter technology the same basic approach may be taken
where the measured spectrum i1s the spectrum at either a
single pixel or the mean of spectra acquired at many pixels.
Experimental measurements using this methodology may use
the available NIST standard as a sample and existing equip-
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ment using Raman 1imaging systems integrating fixed optics
and tunable filters from different manufacturers can be sur-
veyed.

[0039] In another embodiment, the present disclosure pro-
vides for a system and method for determining an instrument
response correction by making a second measurement on the
sample with an independent measurement system with estab-
lished calibration.

[0040] Dispersing spectrometers are built of fixed optical
components with well understood drift and fluctuation due to
environmental changes. Because of this established valida-
tion a dispersing spectrometer can be used as a plausible
reference measurement used to correct measurements made
with other devices.

[0041] In one embodiment, the present disclosure contem-
plates the use of an independent measurement of the sample
using a dispersing spectrometer as the true spectrum of the
sample as the known reference value. FIG. 2 illustrates one
embodiment of the present disclosure. The method, 200, pro-
vides or 1lluminating a sample 1n step 210 to thereby generate
a first plurality of interacted photons and a second plurality of
interacted photons. This i1llumination may be achieved by
utilizing at least one of active illumination and passive illu-
mination. In an embodiment comprising active illumination,
the 1llumination may be achieved using a laser light source. In
an embodiment utilizing passive illumination, the 1llumina-
tion may be achieved using a solar radiation source. At least
one of the first and second pluralities of interacted photons
may comprise photons scattered by the sample, retlected by
the sample, absorbed by the sample, emitted by the sample,
and combinations thereof.

[0042] The system and method of the present disclosure
hold potential for interrogating a wide variety of samples. In
one embodiment, the sample may be a biological sample. In
another embodiment, the sample may comprise a chemical
sample, an explosive sample, a hazardous sample, a forensic
sample, a pharmaceutical sample, and combinations thereof.
[0043] A first plurality of interacted photons may be
detected using a dispersive spectrometer 1n step 220 to
thereby generate at least one reference spectrum representa-
tive of said sample. In one embodiment, these photons may be
transmitted to a dispersive spectrometer via a fiber optic. In
one embodiment, this fiber optic may comprise a fiber array
spectral translator device. This reference spectrum may com-
prise a Raman reference spectrum, an infrared reference spec-
trum, and combinations thereof. An infrared spectrum, as
contemplated by the present disclosure, may comprise at least
one of: a short-wave infrared reference spectrum, a near infra-
red reference spectrum, a mid-wave inirared spectrum, a long,
wave 1nirared spectrum, and combinations thereof. In one
embodiment, multiple reference spectra representative of
said sample may be obtained using a dispersive spectrometer.
These reference spectra may then be assessed to determine a
mean reference spectrum.

[0044] In step 230 a second plurality of interacted photons
may be passed through a tunable filter. In one embodiment,
this tunable filter may sequentially filter the second plurality
of interacted photons 1nto a plurality of predetermined wave-
length bands. In one embodiment, the tunable filter may com-

prise technology available from ChemlImage Corporation,
Pittsburgh, Pa. This technology 1s more fully described in the
following U.S. Patents and U.S. patent applications, which
are hereby mcorporated by reference 1n their entireties: U.S.
Pat. No. 6,992,809, 1ssued on Jan. 31, 2006, entitled “Multi-
Conjugate Liquid Crystal Tunable Filter”; U.S. Pat. No.
7,362,489, 1ssued on Apr. 22, 2008, also entitled “Multi-

Conjugate Liqud Crystal Tunable Filter”; U.S. Provisional
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Patent Application No. 61/324,963, filed on Apr. 16, 2010,
entitled “Short-Wavelength Infrared (SWIR) Multi-Conju-

gate Liquid Crystal Tunable Filter”; U.S. Provisional Patent

Application No. 61/460,816, filed on Jan. 7, 2011, entitled
“Contformal Filter and Method for Use Thereof”; and U.S.

Provisional Patent Application No. 61/403,141, filed on Sep.
10, 2010, entitled “Systems and Methods for Improving
Imaging Technology.”

[0045] Inone embodiment, the tunable filter may comprise
a liquid crystal tunable filter, a multi-conjugate liquid-crystal
tunable filter, and combinations thereof. Other embodiments
of the present disclosure may utilize a device selected from
the group consisting of: an acousto-optical tunable filter
(“AOTF”), Evans Split-Element liquid crystal tunable filter,
Solc liquid crystal tunable filter, Ferroelectric liquid crystal
tunable filter, Fabry Perot liquid crystal tunable filter, a hybrid
filter, and combinations thereof.

[0046] Referring again to FI1G. 2, the method 200 provides
for detecting a second plurality of interacted photons 1n step
240. This detection 240 may be accomplished using an imag-
ing detector and generate at least one hyperspectral test image
representative of the sample. In one embodiment, this hyper-
spectral test image may comprise at least one of: a Raman
hyperspectral 1image, an inifrared hyperspectral 1image, and
combinations thereot. This infrared hyperspectral image may
be selected from the group consisting of: a short-wave inira-
red hyperspectral image, a near infrared hyperspectral image,
a mid-wave inirared hyperspectral image, a long-wave 1nfra-
red hyperspectral image, and combinations thereof.

[0047] Inoneembodiment, the method 200 may detect said
first and second plurality of photons substantially simulta-
neously. This embodiment holds potential for providing
active feedback during operation. In another embodiment, the
method 200 may detect said first and second plurality of
photons sequentially.

[0048] In step 250, a hyperspectral test image may be
assessed to thereby determine a mean test spectrum. This
mean test spectrum may be representative of the mean inten-
sity of a plurality of pixels in said hyperspectral test image.
The mean test spectrum may be compared to a reference
spectrum 1n step 260 to determine an instrument response
correction. This comparison may be achieved by applying
one or more chemometric techniques. Such techniques may
include, but are not limited to, the following: principal com-
ponent analysis (“PCA”), multivaniate curve resolution
(“MCR”), partial least squares discriminant analysis
(“PLSDA”), k means clustering, band t. entropy method,
adaptive subspace detector, cosine correlation analysis
(“CCA”), Euclidian distance analysis (“EDA”), partial least
squares regression (“PLSR™), spectral mixture resolution
(“SMR”), a spectral angle mapper metric, a spectral informa-
tion divergence metric, a Mahalanobis distance metric, a
spectral unmixing algorithm, and combinations thereof. A
spectral unmixing metric 1s disclosed 1n U.S. Pat. No. 7,072,
7’70 entitled “Method for Identitying Components of a Mix-
ture via Spectral Analysis,” which 1s hereby incorporated by
reference 1n 1ts entirety. In step 270 an instrument response
correction may be applied to said hyperspectral test image.

[0049] Application of an instrument response correction
270 may result in an adjusted mean test spectrum associated
with the test image. This adjusted mean test spectrum may be
substantially equal to the reference spectrum obtained in step

220.
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[0050] In one embodiment, the method 200 may further
comprise masking a hyperspectral test image. In such an
embodiment, the mask may be such as to include those pixels
sampled by said dispersive spectrometer and exclude those
pixels not sampled by said dispersive spectrometer.

[0051] The base assumption 1s that the mean spectrum of
the 1maged area measured from a dispersive spectrometer
should match the mean spectrum from the 1mage acquired of
the same area through the tunable filter. This type of measure-
ment 1s feasible because the tunable filter only uses one polar-
1zation of the light emanating from the sample. Light with the
unused polarization can be sent to a dispersing spectrometer
and simultaneously measured to provide the reference spec-
trum. Key considerations relevant to this approach are: 1) to
ensure that light collected with each polarization will have the
same spectral distribution, 2) to ensure that spatial sampling
and detection efficiency are matched for both arms of the
measurement system, 3) to ensure that any sample changes
during the course of the image based measurement are cap-
tured 1n the parallel dispersive spectrometer based measure-
ment. This may be accomplished by masking the image of the
sample to include only those pixels which are sampled by the
dispersive spectrometer and acquiring multiple dispersive
spectra which are combined to provide a synthesized refer-
ence spectrum which most accurately retlects what the image
spectrum should be.

[0052] FIGS. 3A and 3B illustrate both a typical mask of
where fibers sample a field of view of a microscope and the
variation 1n spectral of some localized components of tissue
which photobleach or photodegrade during the image acqui-
sition. FI1G. 3A illustrates an image and spectra from a Raman
image of tissue. The spectra shown are from the two locations
in the 1mage indicating typical tissue signature 310 and local-
1zed tluorescent object 320. FI1G. 3B 1llustrates the same field
of view after masking for the pixels sampled by a dispersive
spectrometer. The spectra shown are the mean spectrum of the
image before 330 and after 340 the masking.

[0053] The present disclosure also provides for a system,
illustrated by FIG. 4. The system 400 may comprise an 1llu-
mination source 410 configured to 1lluminate a sample 420 to
thereby generate a first plurality of interacted photons and a
second plurality of interacted photons. In one embodiment,
the system may comprise a platiorm for holding the sample.
These interacted photons may be collected using collection
optics 430. A first plurality of interacted photons may be
transmitted to a dispersive spectrometer 450 via a fiber optic
440, which may comprise a fiber array spectral translator
device (“FAST”). FAST technology may comprise technol-
ogy available from ChemImage Corporation, Pittsburgh, Pa.
A second plurality of interacted photons may be passed
through a tunable filter 460. This tunable filter 460 may com-
prise a liquid crystal tunable filter, a multi-conjugate liquid
crystal tunable filter, and combinations thereof. The tunable
filter 460 may also comprise an acousto-optical tunable filter
(“AOTEF”), Evans Split-Element liquid crystal tunable filter,
Solc liquid crystal tunable filter, Ferroelectric liquid crystal
tunable filter, Fabry Perot liquid crystal tunable filter, a hybrid
filter, and combinations thereotf. The tunable filter 460 may be
configured so as to sequentially filter interacted photons into
a plurality of predetermined wavelength bands.

[0054] Animaging detector 470 may be configured so as to
detect a second plurality of interacted photons and generate at
least one hyperspectral test image. An imaging detector 470
may comprise a Raman hyperspectral imaging detector, an
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inirared hyperspectral imaging detector, and combinations
thereol. An infrared hyperspectral imaging detector may
comprise at least one of: a short-wave infrared hyperspectral
imaging detector, a near inirared hyperspectral 1imaging
detector, a mid-wave infrared hyperspectral imaging detector,
a long wave hyperspectral imaging detector, and combina-
tions thereof.

[0055] Imaging detector 470 may comprise a detector
selected from the group consisting of: a CCD detector, an
ICCD detector, an InGaAs detector, an extended range
InGaAs detector, an InSb detector, a PtS1 detector, a CMOS
detector, a MCT detector, an intervac-intensified detector, a
microbolometer, and combinations thereof.

[0056] Thesystem 400 may also be configured to operate 1n
conjunction with one or more processors. In one embodi-
ment, this processor may be configured so as to generate a
mean spectrum representative of a hyperspectral test image,
compare a mean spectrum to a reference spectrum, determine
an 1nstrument response correction, and apply an instrument
response correction to a hyperspectral image.

[0057] The present disclosure also provides for a data stor-
age medium contaiming program code, which when executed
by a processor causes the processor to: 1lluminate a sample to
generate a first plurality of interacted photons and a second
plurality of interacted photons, detect a first plurality of inter-
acted photons using a dispersive spectrometer to thereby gen-
crate a reference spectrum representative of a sample, pass a
second plurality of interacted photons through a tunable filter,
detect a second plurality of interacted photons using an imag-
ing detector to thereby generate at least one hyperspectral test
image, assess said hyperspectral test image to thereby deter-
mine a mean test spectrum wherein said mean test spectrum 1s
representative of the mean intensity at each pixel in said
hyperspectral test image, compare said mean test spectrum to
a reference spectrum to thereby determine an instrument
response correction, and apply said instrument response cor-
rection to said hyperspectral test image.

[0058] The data storage medium, when executed by a pro-
cessor may further cause the processor to obtain a plurality of
reference spectra representative of a sample via said disper-
stve spectrometer and assess said plurality of reference spec-
tra to thereby determine a mean reference spectrum represen-
tative of the sample. In another embodiment, the processor
may further mask a hyperspectral test image so as to include
a first plurality of pixels sampled by said dispersive spectrom-
cter and exclude a second plurality of pixels not sampled by
said dispersive spectrometer.

[0059] The present discourse also provides for amethod for
correcting for mstrument response by having the istrument
actively report 1ts current status and correct the data during
acquisition. This 1s possible 1n the case where a user has
access to fundamental data acquired during the manufactur-
ing of the filter and the ability to use that information during
operation of a filter. Such interaction holds potential for
enabling modification to the communication to and from the
filter in a way that holds potential for instrument response
correction.

[0060] In one embodiment, a filter control system may use
a lookup table stored in memory to determine the proper set of
control voltages for the stages that comprise the filter. This
table may comprise a set of voltages for each possible band-
pass center setpoint and operating temperature. When the
filter 1s sent the command to tune to a specific bandpass
center, the controller may query the temperature of the filter,
refer to the lookup table to determine the appropriate control
voltages for the temperature and center bandpass, then apply
the appropriate voltage to each stage of the filter. To 1mple-
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ment this method the controller may be modified to report the
estimated transmission of the filter for the center bandpass
and operating temperature.

[0061] The present disclosure compensates a system and
method to correct for variations in filter transmission. In one
embodiment, this variation can be corrected at the filter con-
troller level by changing the code 1n the filter controller soft-
ware to read and report appropriate transmission values from
an augmented data lookup table. This may also 1nvolve a
change 1n the lookup table data structure and 1n the commu-
nication protocols between the filter and the software that
controls the rest of data acquisition. An alternative approach
1s to generate a second lookup table to provide a transmission
correction factor for each bandpass center value and tempera-
ture. Software external to the filter controller software could
independently read values from thus file and apply corrections
as needed to the raw data after it 1s collected from the camera.
Both embodiments may implement parallel data recording of
both the raw data and the corrected data.

[0062] Another alternative embodiment may comprise
developing a lookup table for instrument transmaission char-
acteristics for the whole system based at measurements on a
NIST standard at each bandpass setting and operating tem-
perature. This could be implemented as described 1n the alter-
native approach above. This may involve a measurement that
caretully explored the operating space of the filter 1n terms of
temperature and center bandpass. Two possible embodiments
of such a method are provided for herein. In one embodiment,
the present disclosure provides for a method comprising:
measuring or calculating the transmission over the opera-
tional wavelength range of each stage of the tunable filter at
cach environmental operating point (one or more of: tempera-
ture, humidity, atmospheric pressure), and at each set point
for centerbandpass; determiming parameters that report per-
formance of the assembled filter 1n each operating state from
the measured or calculated transmission data (state includes
center bandpass, environmental conditions as listed above);
performing the following: peak transmission, tull width half
maximum of transmission band, and area under transmission
band, integrated out of band signal; creating a lookup table of
one or more performance parameters (listed above) that 1s
either: loaded 1nto the filter control microprocessor memory
or recorded 1n a data file stored 1n memory or media associ-
ated with the system in which the filter 1s integrated; and
implementing a control software that sets the filter in response
to some external electronic command and reports back to the
software sending the external command the desired perfor-
mance parameters through some communication mechanism
and or protocol. In one embodiment, the method may further
comprise integrating out of band signal in spectral ranges
limited to where detectors are sensitive can be performed.

[0063] Another embodiment may comprise: measuring or
calculating the transmission of the assembled filter stages at
cach environmental operating point and centerbandpass set-
point; determining parameters that report performance of the
assembled filter 1n each operating state from the measured or
calculated transmission data (state includes center bandpass,
environmental conditions as listed above); performing the
following: peak transmission, full width half maximum of
transmission band, and area under transmission band, inte-
grated out of band signal; creating a lookup table of one or
more performance parameters (listed above) that i1s either:
loaded into the filter control microprocessor memory or
recorded 1n a data file stored 1n memory or media associated
with the system 1n which the filter 1s integrated; and imple-
menting a control software that sets the filter 1n response to
some external electronic command and reports back to the
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soltware sending the external command the desired perfor-
mance parameters through some communication mechanism
and/or protocol. In one embodiment, the method may further
comprise integrating

[0064] The present disclosure also provides for a method,
illustrated by FIG. 5, for filter modification based on trans-
mission eificiency. The method 500 provides for acquiring,
test data at a first operating point 1n step 310 wherein said test
data comprises an intensity response representative of a ret-
erence sample. In one embodiment, the method 500 may
turther comprise acquiring said test data by i1llumination a
reference sample to thereby generate a plurality of interacted
photons, passing said plurality of interacted photons through
a tunable filter, and detecting said plurality of interacted pho-
tons to thereby generate test data representative of said
sample.

[0065] Inoneembodiment, the tunable filter may comprise

a liquid crystal tunable filter, a multi-conjugate liquid-crystal
tunable filter, and combinations thereof. Other embodiments
of the present disclosure may utilize a device selected from
the group consisting of: an acousto-optical tunable filter
(“AOTF”), Evans Split-Element liquid crystal tunable filter,
Solc liquad crystal tunable filter, Ferroelectric liquid crystal
tunable filter, Fabry Perot liquid crystal tunable filter, a hybrid
filter, and combinations thereof.

[0066] In one embodiment, this test data may comprise at
least one of Raman test data, infrared test data, and combina-
tions thereof. Infrared test data may comprise at least one of:
short wave infrared test data, near infrared test data, mid wave
inirared test data, long wave infrared test data, and combina-
tions thereol. Test data may comprise one or more hyperspec-
tral images. In one embodiment, the test data may comprise at
least one of: a Raman hyperspectral image, an infrared hyper-
spectral image, and combinations thereof. An inirared hyper-
spectral 1mage may comprise at least one of: a short wave
infrared hyperspectral image, a near inirared hyperspectral
image, a mid wave inirared hyperspectral image, a long wave
inirared hyperspectral image, and combinations thereof.

[0067] In step 520 a look-up table may be searched based
on an operating point to thereby determine an instrument
response correction. In one embodiment, the look-up table
may comprise a plurality of imnstrument response corrections,
wherein each instrument response correction corresponds to
an 1ntensity response representative of said reference sample
at an operating point. This operating point may comprise an
environmental operating point such as a temperature, a
humidity, an atmospheric pressure, and combinations
thereol. In one embodiment, the method 500 may further
comprise constructing one or more look-up tables by operat-
ing a system to thereby record an intensity response repre-
sentative of a reference sample at each of a plurality of oper-
ating points. In step 330 an 1nstrument response correction
may be applied to test data.

[0068] The present disclosure also provides for a data stor-
age medium containing program code, which when executed
by a processor causes said processor to perform the follow-
ing: acquire test data at a first operating point, wherein said
test data comprises an mtensity response representative of a
reference sample; based on said first operating point, search a
look-up table to thereby determine an instrument response
correction, wherein said look-up table comprises a plurality
of instrument response corrections, and wherein each instru-
ment response correction corresponds to an 1ntensity
response representative of said reference sample at an oper-
ating point; and apply said instrument response correction to
said test data.
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[0069] In one embodiment, the data storage medium may
turther cause the processor to construct at least one look-up
table. This may be achieved by operating a system to thereby
record an intensity response representative of a reference
sample at each of a plurality of operating points. This test data
may be acquired by causing the processor to illuminate a
reference sample to thereby generate a plurality of interacted
photons, pass said interacted photons through a tunable filter,
and detect said plurality of interacted photons to thereby
generate test data representative of said reference sample.

[0070] Thepresentdisclosure also provides for a system for
filter modification based on transmission efliciency, one
embodiment of which 1s 1llustrated in FIG. 6. The system 600
may comprise an 1llumination source 610 configured to illu-
minate a sample 620 to thereby generate a first plurality of
interacted photons. The illumination source 610 may com-
prise an active illumination source (e.g., a laser 1llumination
source), a passive illumination source (e.g., a solar radiation
source), and combinations thereof. Collection optics 630 may
collect the plurality of interacted photons. The interacted
photons may be passed through a tunable filter 640. The
tunable filter 640 may be configured so as to sequentially filter
said plurality of interacted photons into a plurality of prede-
termined wavelength bands. The tunable filter 640 may com-
prise a liguid crystal tunable filter, a multi-conjugate liquid
crystal tunable filter, and combinations thereof. The tunable
filter 640 may also comprise an acousto-optical tunable filter
(“AOTEF”), Evans Split-Element liquid crystal tunable filter,
Solc liquid crystal tunable filter, Ferroelectric liquid crystal
tunable filter, Fabry Perot liquid crystal tunable filter, a hybrid
filter, and combinations thereof.

[0071] Atleast one detector 650 may be configured so as to
detect said plurality of interacted photons and generate test
data representative of said sample. The detector 650 may
comprise a detector selected from the group consisting of: a
CCD detector, an ICCD detector, an InGaAs detector, an
extended range InGaAs detector, an InSb detector, a PtSi
detector, a CMOS detector, a MCT detector, an intervac-
intensified detector, a microbolometer, and combinations
thereof.

[0072] The detector 650 may be configured to generate test
data which comprises at least one of: a test spectrum, a test
image, and combinations thereof. This test image may com-
prise a hyperspectral test image. A sensor 660 may be con-
figured so as to sense an operating point. This operating point
may be received by a control unit 670 from a sensor 660. In
one embodiment, the control unit 670 may be configured to
search a look-up table based on an operating point (e.g., a
temperature, a humidity, an atmospheric pressure) and deter-
mine an instrument response correction.

[0073] The method 500 and the system 600 hold potential
for actively providing an instrument response correction dur-
ing data acquisition. This active feedback holds potential for
enabling accurate and reliable determination of 1nstrument
response corrections. This may enable appropriate correc-
tions for fluctuations in tunable filter performance due to
environmental factors.

[0074] FIGS.7A, 7B, 8A, and 8B are provided to 1llustrate
transmission performance with respect to changes 1n tem-
perature. FIG. 7A provides a data table representative of
transmission elficiency for an exemplary SWIR multi-conju-
gate filter. F1G. 7B 1s a plot of this transmission v. tempera-
ture. FIG. 8A provides a data table representative of effi-
ciency for an exemplary Raman multi-conjugate filter. FIG.
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8B 1s a plot of this transmission v. temperature. It can be seen
from the Figures how transmission efficiency 1s atflected by
the changes in temperature. The system and method of the
present disclosure hold potential for overcoming the chal-
lenge of acquiring accurate and reliable transmission infor-
mation with fluctuations 1n temperature.

[0075] The present disclosure may be embodied 1n other
specific forms without departing from the spirit or essential
attributes of the disclosure. Accordingly, reference should be
made to the appended claims, rather than the foregoing speci-
fication, as indicating the scope of the disclosure. Although
the foregoing descrlptlon 1s directed to the embodiments of
the disclosure, it 1s noted that other variations and modifica-
tion will be apparent to those skilled in the art, and may be
made without departing from the spirit or scope of the disclo-
sure.

What 1s claimed 1s:

1. A method comprising:

acquiring test data at a first operating point, wherein said

test data comprises an intensity response representative

ol a reference sample;

based on said first operating point, searching a look-up

table to thereby determine an instrument response cor-

rection, wherein said look-up table comprises:

a plurality of instrument response corrections, and

wherein each instrument response correction corre-
sponds to an mtensity response representative of said
reference sample at an operating point; and

applying said 1nstrument response correction to said test

data.

2. The method of claim 1 further comprising constructing,
said look-up table by:

operating a system to thereby record an intensity response

representative of areference sample at each of a plurality
ol operating points.

3. The method of claim 1 wherein said test data comprises
Raman test data.

4. The method of claim 3 wherein said Raman test data
comprises a Raman hyperspectral image.

5. The method of claim 1 wherein said test data comprises
test data selected from the group consisting of: short wave
infrared test data, near infrared test data, mid wave infrared
test data, long wave infrared test data, and combinations
thereof.

6. The method of claim 5 wherein said short wave infrared
test data comprises a short wave inifrared hyperspectral
image.

7. The method of claim 5 wherein said near infrared test
data comprises a near infrared hyperspectral image.

8. The method of claim 5 wherein said mid wave infrared
test data comprises a mid wave hyperspectral image.

9. The method of claim 5 wherein said long wave mirared
test data comprises a long wave hyperspectral image.

10. The method of claim 1 further comprising, acquiring
said test data by:

illuminating a reference sample to thereby generate a plu-

rality of mteracted photons;

passing said plurality of interacted photons through a tun-

able filter to thereby sequentially filter said plurality of
interacted photons into a plurality of predetermined
wavelength bands;

detecting said plurality of interacted photons to thereby

generate test data representative of said reference
sample.
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11. The method of claim 1 wherein said operating point
comprises an environmental operating point.

12. The method of claam 11 wherein said environmental
operating point 1s selected from the group consisting of: a
temperature, a humidity, an atmospheric pressure, and com-
binations thereof.

13. A data storage medium containing program code,
which, when executed by a processor causes said processor to
perform the following;

acquire test data at a first operating point, wherein said test
data comprises an intensity response representative of a
reference sample;

based on said first operating point, search a look-up table to
thereby determine an instrument response correction,
wherein said look-up table comprises

a plurality of instrument response corrections, and

wherein each instrument response correction corre-
sponds to an intensity response representative of said
reference sample at an operating point; and

apply said instrument response correction to said test data.

14. The data storage medium containing program code of
claim 13, which, when executed by a processor further causes
said processor to construct said look-up table by:

operating a system to thereby record an intensity response
representative of areference sample at each of a plurality
of operating points.

15. The data storage medium containing program code of
claim 13, which, when executed by a processor further causes

said processor to acquire said test data by:

illuminating a reference sample to thereby generate a plu-
rality of interacted photons;

passing said plurality of interacted photons through a tun-
able filter to thereby sequentially filter said plurality of
interacted photons into a plurality of predetermined
wavelength bands;

detecting said plurality of interacted photons to thereby

generate test data representative of said reference
sample.

16. A system comprising:

an 1llumination source to i1lluminate a sample to thereby
generate a first plurality of interacted photons;

a collection optics configured to collect said first plurality
of interacted photons;

a liquid crystal-based tunable optical filter configured to

sequentially filter said first plurality of interacted pho-
tons into a plurality of predetermined wavelength bands;

at least one detector configured to detect said first plurality
of interacted photons and thereby generate test data rep-
resentative of said sample;

at least one sensor configured so as to sense at least one
operating point;

a control unit configured to:
receive said operating point from said sensor, and

based on said operating point, searching a look-up table
to thereby determine an instrument response

correction.
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