
LA--1 2 -

D 0

A Surveyof InfraredT~chnology
for SpecialNuclearMaterialsControl
and Accounting

W iD S
R b
C S t
M A

> “. .- ,’. ! Los Alamos National Laborafofy
l,” Los Alamos, New f@xIco 87545

I. ,. . . .

-- .———.—. .— —.—.—.. —.. .—
— —

ABOUT THIS REPORT
This official electronic version was created by scanning 
the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov




A S U
F S PN U

O I NT E
M AC A A

b

W D S tR S L eC A S ta V L A

A B

~ “r er es a so c i nm et a
s ut a p pi w i m b u i n s aT
a p pi nb m ac oa m aa cI e c
t m e ar o p ad eo i nr ag f t
h p rb t r a dd o p lB i a n
i mt e ca d i

1 I N T R

L Le l e ch m p ot e xo h v t r
o u[ v ip oo t e l es pT e h a a
t i n fa t s oo t r aa t i nn o t
t iw on p r eh b a vI a dn s o r h
a ia cp ro t at o a di n’A r o t s o
p a rc ui ni i n( r aM o t n i t h b
d rb t n eo t m ia t c o mi nI Systenis a
u b t m it p rn v a t d w o s a m a
a i re x hv ee no e p eI c o mf il a
i n c rb eu t r ec o nm el G f c i u
t r ai o p t

I t r ew e xp ou o i t h c a a f n
m a tT a p pi a tb et h r b t r ad o
t hm a tr ei t e mo i B en m aa t o s o
i w l it d i sh t p at et i t t d n u a s o
i o tt t n um aW f s us a o t p o t i
i n ct c h a ro t i s g eb n m a w a [
t r a no i T i f ob a p ro t t eo i m
T oi na t c h a ra o po d et c ha
o p eo i i ms ya t u o d p rs t e t i
m ay if i s yF iw p rs r o pt t
a d vo u t i mr tm ac oa a c



1 I NP H
1 t s ew d it p ho i a i a t p u i m

c oa a c c( MT w i t m eo e i t c
i so i a t t r ao i b et s a t d systei~.

E mo I nR a
A o b! e l e cr aF o n r t m o

t e mt o i t i r o t e l es T i t w
I cb b eu a 2 p T a a o e a t w d
b uo e m. a f uo t t eo t o T t e o p
u a i g b t S t e fL

(

w hR i t r a( ep u a T t a t ea o i t
S t e fc ow h a v o 5 x 1 f R i W a Tin d
K eT t e mi e— u nn b z a o ‘ i o
t e mMa f uo w ai g b t P e

(

w hRA i t s pr ae mi w a~ Ai t w i p • i
t s pe ma t w aa Ti t t ei d K T c
s tc a C h t v a3 x 1 Wc a 1 c K r e

T w a vo m ae mi g b t W f

(

w h~ t w a vi i p a T i i d K
T e mt i t l t e qi a m o t a b w a

o bd ef t p ro a b lA b li a p e a
a bo r ae nF a o o e ma r ea d s
t

E + 1 (

T m et a v r eo s a a p m s h a v l
e m iE mi a p ro t s o a o t i c b c b
m o dt s uo a b o b a pa c o c t s



r o uE m ii a a w i w T e a g w
l er ei c at s pe mT I g t t e f a n o
d i fs u r

T I

T E MO C S U

S uE m

P oa l0 .
H eo xa l0
S ts 0
W 0 .
P 0
O p ai c 0 .
C as 0

T ha s ec o no E ( a ( f i t em
F ib eo E ( a v s c i t ec a v I c i
e me nS ef E ( a i ni t ec a d i t
w a vo m ae mH ot i a i i [ e a a
w a vA o t f ea s i F 1 w s t e e p
s qc e no s ua i e p o t s p

B T r ao I n
I ni a bb t v ia e lm o s m a

c r ys o‘ a b si l it c cw ab s t a m m
b r e lt r ai o p o t s pa n i ~ T f m b
u t o pt t r ao i t hm a t p f t e c
p ao t e l e cs p

1 A t mIr a no ! nI a a a po i t
n ot s a ft e mr ww h t b t rt t a
f s d iT m i c rt u nt i a bc ho I
a t mA i c oo a m io g T m i o t f t
p u ra o xn ic ad ia w v A t a a p
s f ou nn oa mc c mt m c ot t a o i a
c ad ia w v aH ot a s t r“ a a
1~ 2 -V 3 .~ a 8 p N t t w ao m e
o a o br tr t e mf c o ni t J w

—



0

0 . 0 1 2

0

0

O
5 1

W (

F 1 D i so r ae w w
f a b ld v t

2 T r ao I nC S T e s o
c r ys oi d if t e ls to a m i t t v
o ro t i n da f i b t c t e c C r
w t hb a n f iT c c ac b v e a i e
t ro a h i a e ls T e la n ec c a t h
a p o sc hc aA m aw t f a t e b i a
i n sA m aw a p af b i a c oA m w a f l
b at v ab s eb a s g f a e h b t c
b ai c aa s e m iT i s s ci F 2

T m eo i a bi c rs i p o e (
h oi h ie nb o t m aT p i o i i t p
t o i d e ta w b d if ui t f os o d O
r a dw e ne nt p rt e l[ h w b a T
s oh w e lr eo t r at a m t a w a
f iA c o mi sS i htransmita w ab 1
b i t r aa l ow a vT ks i a g c f a w
m at e v ilightb a t t ro i

4



A

E n

Lu
D;,.:..: .

, ;
. .

I nC S

F S cr et e ls to a i
a c oc a s e m

! I NT E C

I D e
i nd e ta o t b t t hd ea q o p d

~ oT hd ew b r na c i t ec b t a
o t i T hw t f t o i d ed eT o o q d
r ef t d ii n to t d ee lw a q o l a p A
c oq ud ei a i ns e mw a pm l
a t t( At o p hd ea r e dp ht c b u i
t n e a ri i ot t h r el u f m e
f n e a r - ro bs t w n b c of A d
a bw a p hi mo a s e mt p c c t e
s t ro t s oS e mc c f a i nt a c T
m a n im m e mo t c i t b o a s s i d

1 T hI nD eA s a t d w b m
u ra t e mc hi nb t a bo i r aT a d
i nt h ca t h et hp nd ea p
d e tA t h eo t h( s o s t hs t

5



i a c hi t p oa ca b ij uA t hs i b a
t e ms er eA p nd ea c a G c w
m et p c hi i g ab w i i h b t i r A
p y rd ec oo a f e rc s a d et s o
L iw hh a p ei nd m I a a d t d
e xm a n uo d oW a d f i a pm b n a o t d
l u w t f iT n uo d ot d n l u c w t t
t T i mw i a t c p rt t t eAc
i b w t p ra t s p rt t e

T hd ea u m i t m a f aT g u i t
t c p rs it a r ei no w aT m t v
u sa d cf d id s i s p

2 Q uD eM af q d ea o t t i
u e x iI nm aa n ap ha t w o i
E x tm ar et a i mb i nt c l e l
b ct v ua c ob s t a bw t p a l w
l e( le nt w n ob r c A t m c b
u d ia p h o tb m et c i c ot u p
m i t f ap h oo p h o

P h oc b f at c e j up o a p
A t hd ea b o t p ro a o t c t h e e
e l e( r eo e xh ( r eT a a p b “ a o
ac rw a w e f o m v e lt t n s

I t j up h ot n a p r t t f a p j A p
g me xa t j uW a p i a bn t r e lp
a f ot c m ii t g rW n e f a t m o t
c hw g ea v oa t d t c a c i t e c
T i c at p h om I t p og i r w a r
f it r eo t p ha bi a i ni c oa t c i a
e xc iT i c at p h cm a r i a l l r
r ea a f ar et a t c o m n

T p p h oi s it t j up he t t i a l o
t i n t( ns e mb et p a n r T i r r i a
g rp ha b sA b eo t g i r et i a l
v od a ct d el et f c m oT d t r
t i

A a v ap hi a j up hw a v h r b T
r e sa c co t c hc ac c ot c m c c
m a i a p h o t‘ a mt s a t c o i n

A p h o ti a d es it a c ot rb w l p
t r o t g t r ec uf P h op m c t a
n h ob a s lP h o [h n b a w u a p

T r eo q ud ea a f uo w ai d b t
o pp r ot m aT 1 s t m ao c f t a
a b sw i



T 1
Q UI ND EM AO C

A tm M

1 S

2 p P

3 .y P

8 p H

T u ll o t s e no q ud ei t n T i
b t c ro c ab t hp ro fi t c ob T i
a p a rp rw m at h a l og ; a t s a
l w a vT t hn c b r ec ob c t d
T c b d u a s pc od c ol n o h o
w v am e ca t h er e fs T e a o c
i n e cd eo t d em a

3 D F M N up aa u i c d
t p e r fA t m i ma t r e( t r t t n
e q up o( Nt d e f( a t s pd e( T p
e ta a u sa f uo t w ao t l a t m f i
t l ii m o ds a b a c h

T q uR i t b o o t d ef a g p i I m b
v oo c up w o r ai

T r t i t t i nf t o t r f 1 t 9 o t f
r e sa fa s c hi i nI s s t f t i a i F
s c lo d e tt f t a r t a n e a t f t m h
m t o c o m

T N t a mo l p i no t d t p a r
e qt t r o o tn v oF s t a n l ( i
u st c aD q t t r eo N

d ea D A fw A i t a o t d a A t b
o t a s se l e

F q ud ea a df o m i t q e fT i t
n uo c hc ac rp p h

B i
I n st d et e mb m et a o r e i a

g is pb a k a r at ha h b w u f n
c ot hm e af o S y T i nm b m o
o a u t op oa b ap oo d ef a f i nA b r
t t h e rs i F u t eo t f [ i r o a

7
—



Telescopicoptics InfraredDetector

“~
I- - — -

----

.

~

0

-

\

-.

--

PreAmp

F 3 B

i d e tO d i gt s c b

i

AC
anlphrlcr

&
sync.

rallruf

R
E
P

r t

a mo f a f c t 3

t c mr eo a m ad id i
A mt r at h ea o p ya mr

t h e rd u a lr at h ea s pf r
t h e rO pp ya m ao pi nu a l f
c ui c o nw a r f d e[ t eo t m B
p oh h a t ra ct i na p u [ m t
t e mo s u b[ h r cl us a m s

a m p l ir at h et d c lc t
i nr ai a e ls t i t c o[ i t eD w
l et h et m c aa t w at d t s o t r
t c u( o pt t n mo t r aa u t s t d th:

t e m pT t ci u i c ow c mi a p o w
a t ma ue x

! c o[ r i d[ h ca t h cr ;w g
t h e r m o gt w or o i l m t a
t e mo a s o a m u f a nb h o m A w a
r a dt h ct i o s u b a g t r i s
a pt t o pT yo o s s a u t p s t a
s cm e ca a a tv s u s cc ( t
c rT V - ci mT i m t b m au s h
w . ip rt e ca s i c m p S
d e

x



T i p t hr d h p u p
t e mi n fb i nt ef m r e B a
o br ae nt i d i so a b o w c
s ( F1) a b ct e r ai nw t ci i p t
u t P lf ut d et s pd io a o t i s t
t uA c r b t r e a a c
r a dt h et p ra cn ot em c

W c ow m i c r oc os t i c h
s ui r t a lr a so a s b t o a c
a nt e cW t s ya m c [ o n t
t f ar et a t a bt d ic xw i b i c w
t a bt p rt i n fa i i a ch p t t b v t i

r i

I C D P r o

1 I P ra A R a i c a m
p r ot e ch i nt u so i ns a t h
r a d iW a di s ea c ow v d t a
d ic o nc a pa g e no ~ pc s t
t h e rr a db ea p ot f p ra a i i
data.

I mp r ot ea t m uo d i d t t
u o s oo s p eh aT et a f ru w i i
i ri mf i li a vp s eo i d a d c
p r ei mf ia i a vt ea w u t d i
a so t c aa ns iF a a u t s s o i
c oi i ma i mt q uo t i F e s s o
a o br a dm r ei a i c ot “ T n a a
s t i s o t v m ow t i i d i

A v em u l ts aw a r [ n l b t s r o
[ n uo s aa vr i mt o c o t t i
I mt l a dc oa f rp ru h q f
t l oa h ig s v f t i a d ef e 3 a
1 E g s v i ! m ao “ st r t e g
~ zf f t 2 S m ep rd t a a SJXCifiCU at
e nt i n fc oo t o rd

P s e ui e sc fo i i mT hp i b
a w he f fd e ls pv ab d n p p t d
b et h uc i n a t r cs g rv aS c
t i mb m ac t s pg s r c d ee m d
e ni t e mT yp s es w p h r i
o r c or ei b a p a t t iY a ~ .
H b cp s e ui u si mi s h C m c

,

~

—



b s p et b s t c d ! i
F C F w m c s t
d ie t e( i t f a g c r

I A vi c b r ea a f ~ w x a
y a c ot d A m i p ri - c o t
forming o i j a i g t a t
r

g@.Y)= T

A s m f p ri i d e[ n es I
F 4 n i a 3 b 3 a w t p i m o t
a T m eo i a vl a p v w a s n
a m ot v ab o a m o [ ( F 5 T t i v
u e i a u i s i w
\ a p iv au n e iu vo s o ~ u

x

\

II I
(

t m. —. - . — . -

>y

F A 3 x 3 n e ia
a p (

“1

—-———.

-1

—-——-—.

— .. .

“1

——

8

. —

-. -.—--- . ...

.

-1

.——

“1

----- -— —

-1

. . --- .

F S A m f d
s i a i
o u i

T f o le qa F 6 o [ p r

‘ T= q - - q - + q - y + 1 q y 1
+ q s+ q fy + 1 + q7f(x + i - ) + q + l

+ q + y +

I

—



—..—

q,

,y-1)

cl~

(

q~

,

——. .—

q~

(x-w

q~

(

%

(

—.— —

q~

,

q~

(

%

,

F A m w ! t rc

p p i m v a v
i I t s a e qi z t t a o t i o a u

i o t o h t s i n z t t p a o t i b
t v a s pT a o s pc h e lb c t

p v t u i no t o p i t r

H iM oL t v x d t g l t p
i T o v [ p w b Oa 2 w Or

b r w U a n p t v w s
r b O

d a t rf T ( F 7 o i a t c t i a
p v x p a p v

y = T (

m t r af uo i a t a t i t
e ia l ir w t p v a s t m o t a d r
w ht p iv aa c l

I

—



Y
1

Yi

‘----------
1
\

I
I

I

.\-‘0 ~
I
I

m

I

I

I

I
I
I

F A g t r af

H iE qa 3 8 i h t f d
b u

= (-).00.

. = : ]
, = ( 2

. = (
X4 = 0
X5 = 0.-! i

X(j= 0.86

X7= 1

N P

1

5

P

().4()0

o. !
0
(

0

A p o p r ov ex i c a h iF 8 d a v n
r ao g v aa t hp i q uT m o h q
i a t e cu f o ba u nh is oc a u d o
d i s tT s ti i u o w d w p rd f

W Air——’——==



I

,.

+.$*

$’
Q

–

–

.3:1
–

T
I

i mt q uo [ i a i n[ d r o t p o
u t f o l‘ o e qt c u w t p u h

w n = 1 n = n uo p ia p = t p ra e l

X = 0.0

=

= 0

x3= 0

x 0

= 0

x 0

x 1

0

0

0

0
0
0
0

1

l i

o

0

3
5
7

7
7
7

I t a t t y a c a t m t c l T
n l h b r et h s o t h

1



c s
h b e n

d

l i t p p t
0 2 (

3 3 (
5 4 (

7 2 (

9 t d i sh b s o m t t i q

*

Q

.5-

.

.3-

.

.

01
7

F 9 M if ●q i

D C oO t n % o i c b
t i do f rg ea i tf us >A a vi i a

m e go s i mi w h o i a b o W
h ob ap rq a i t a o i t ra s

A s i tf us ym u t r ea i E m
t s o f u nr e pap ap o s o t i T d p o t
m ei c ha f t a r e s t i T
n f un ei b o t c oo h i A i w o t
o bi n o t f H a c i w m d f
n m d ii tf ut r ea d d I o c s m
o t r aa i t a s o f ct a t ef 0 m t 1k
c b a c hT a o r ch f butn o n

l



3 s i( ~ o n- Sign;;l\ gcncr;ltd t)} u dctcc”t(w urc ot’tec dOnlin;itcd by

‘ s t m}iw include ~trii)’tyikvl s t u s

m g CICc”tt-iUillumlpmcnts, including k dcw.t(w. ‘1.hcwnsitivity u
sywm is nt}t 1intid h)’ the signal kvcl IXC;IUW it is ;Iiw:Iys inwihic to provide :implificii-

tion. Ritth~~the ultimiltc Iimi[ is providtxi sigrtill-[()-n()isc r ( o

t s p \ c t ca i
signdl O\’C!riiging. fi Ilcring, md s}’n~.hronws d

! u ! o t g
g m;l[h~n~ilti~itj n n T i p :

I [hc sign;tl t}k)crsomt! pcnnd of time ;Ind tivcrugc (NJI n “ i
e h s p \ iwcrilgingis u rctittction in rcsponw
tinw,

Fiituing invoivcs the sciectivc rcmovid d c.crt:tin frcqucnc.ics in the signal. This gencr-
i i e f a ; hOl(NV the f i b
thittI hi n s i gi n fi t riillg~s. t f o i
m chitdwitrc. ~I sophisticated tilgori[hms tire ; f d

d h c t f c b d i c sr t A
ptirtiL.lJlild>’ i n tc o d f K f a r f
t l idi{p[to d

S d e o t f c T i s t t d
m o da uk f rA n f s t ; f i u r

u p s c i a t a
c I o ps y[ m oo t i s u a cw a
m e cc ho a a c om oT s yd i [
t ia l w

S C i a c a m s
f c s a a p o

c t c oi n sT c b c o a t r cs l o
m ot ha p r c -s o i no w a m s oI i w

i n sa di tt c hi c na d p aI a i s
c i np er c cm od et ca r

v a mt e mI m po t t o i nc b t
a a dc oo a e m is T f h m f
w h[ I ii c ha s m

Iv.

A.

A P

I
A h uw r o o a bt i ta m st v i p

s ef u i o e vl t n e mt eh m v a i
a e rd ei na e n us at t e o o o
v is yt ht i n to a rs ec oa v d



Throughou[ industry itnd defense, imitge processing a i d i
r s t t w s s d m f g
systems. and motion detection. Infr~n*dimaging applications have long included industrial
residential mergy consumption suiveys; structurii moisture itmdysis; inspection o m
s r t fg cc a s m a i np rn
o m aa e l es yt n i f I the dcfcnsc urwm, uppIicatimls include
night vision systcms d et p rr et h rt om

a p n t ra t g us a m c m
motion detection systcms.7

I t n us i ta i i mw a t o a s
t c u m c i t‘ i h g
p p a s t i w d i a w t
n ov ii mT s ic oo t o i ni [ to u o
h op l uI a da p ii t t cf c b u a a i
t a p o W c o ma vi s h s
o 0 o l es m e aa pt b w w ~ r o p o

i I T A
C o na mo t he a r d ~ r id o

s mit[~ri:ds,p r i[ i so p lT I s t t o
o [ m c oi so p lT h i g cf t k e
o t a la b p ae mb t d ep lI t i c
t o i p l u t os ai k i i t p t d t a
o p li a s ab m et h g eT m eo h
( c a lo n i tA t a t h p a a
r w ow c a ln t ct m i tn o t r
u ra t i t p pt a p lh n x

w ~
T I

S P P A A

I sS pP (

238pu ()>5~757

2 ( )
2 ( M
2 Ip 0 .

~ ( )1
2 I 0 )423

T a t t ro h r n e[ t p lc h l
t t d t wo t t o c a lT p rc ts i u
t ua t hg rc a lt s ut s w s l o
m : ]t c s tas tt hg rT f k i ap c m

1()

—



b lo w tb O the system nbx’hes cqwlibrium, the I d
b [ s at t o t ei m eW t t o s
analysis times ●re quite long ( hours minimum), but a ca 0 ( 10).

A m r ed e vi t u o u p ro u c aI t
s yt s ai b rt e qt a t ei w t s w
n anain. I%e sample i t p i a c c oe h a
t T c ht ei c ot t p rt
O t s yr et he q ut e lt r t k t
s ym [ t h et e mi m cT h t p output o [
~ :[ l C lh en ct h t w mA w t

s ? t 5 w a a nt ( i np ro 1 t 3
minutes. 1OS1[

A lb o t d ca c ao g c r c1t
h s h o rT v ! t hm o t c oc ar
many h ot c t t he q uA n! o 8 h o m a n
u nT p r ec a la t b p r ct s t
m e at e m. : o a f t o r a r i t c
bcfom equilibrium is w!aintx!. However, this systcm hus poorer prcxision a a
a t p r es i n e

B eo i f l ea i rs mi;’ be a t m m r
m c a st c o ns yw ithe need f p rI m b
p ot m a i m e ao t s t eo a c h
p l uu t r e[ t e mt ht u o s t t h o
A s i gt i do s a s w b t m r a co t
e q uc ab t m i no t t m o t s E t
o e li ni t t he qa t c i a s
boundary ! an t s uB s a s c c h i
MWUM h. n c ct i n v[ r qa e ni m w a

p a h is o k c o

v. S

T m os a fe n vp u nr eo t s
g us yA a t o d if uf aa b r t i t
s a fs yw a t s t m m s te ns a
h er e gT c o b a ct t d co i t
n ot b i mt q ua q uo s ai na l
m ar c q uO t b o t s w b t b i a n
i mi m e am eh a r m p

A li m e at ei r e xi i a i m w w
u m t r m p p
g eh a t i s ut i i a n w t e traditimd s
m c am eI t r w h s ut w i w i t m
b u t s os ap I e c t s aa pi

17



7-.

J

-a.

D. E. G rE A i Phb.ti(..s t{undhi~f)k. 3rd cd. (NlcGraw-l{ill, NW
Y 1

x p b “ r~trun;t nt.s o)i,f .S}.stt”tn.s(Univcr\ity of Wisconsin,

Exwnsmn IXpartment IM}{rtgtnccrim.’:~ndA I .\ W 1

B > A. Av;ihmc. Jmi T. Btiunwistcr, M(trk.s’Stmuiurd Hundbo~)k for
,\jt+(-hanit(J~Engineer.t, [\lc(ir~w-}!ill. New Y !

C G B I @ T D (
N Y l

Bruno, G. J. Burrcr, a E A S “ I T
g I D Processing Tcchniqum,”’ in P T I
‘cnsin,g P ( ( of P I
Engineers (SPIE). fkllingham. Witshington, 1982L Vol. 371, 230-239.

R. C. @fIZd]C/ and W D I P 2 c ( A
R e a; M a1

L T I Sj.stcm~ ( Y 1

R Hodhook of A S M h ( R
tory Commission, Washington, S 1 N M

} S “ N oA ( T
n o l“ S ’A cf N M S
K P A ll %L ar L 1 ( )

1 S F a R P “ AM C
M iI M M X 7 (

1 R B P a F “ D F C f M
‘M X 6 (


