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1. INTRODUCTIOHN

This report investigaten the feasibility ol uaing advanced tocal plane
ateayg coupled with telercopes as thermal imaging systems for orbicing
tavgets.  The infrvared aipnature ol a target will depend on a host of
intercoupled factors including (1) surface properties (temperacure,
emiaxivicy, veflectivivy), (2) tllumination conditions (solacr positien,
earth background temperature), (1) ctarget orientation, location, and
dynamics with reapect tn the ohsetver, and (4) atmospheric conditions along
the illumivarion and target -ohserver paths. The determination of ahsolute
surlace temperatures of an unknown target is cerctainly a difficult if not
infeagible problem without detailed knowledge of all of chese (factors,
Here, we address the somewhat simpler problem of calculating the change in
derected mignal abaerved an a funcrion of relative surface Ctemperature
differences, or conversely, given a  sensor and fcs inherenc
characteristicn, we attempt to determine the minimum detectable Temperature

difference measucrable for a tarpet surface of known charastezistics,




2. ANALYSIS

The baze case conaidercd ix for a | meter aquare planar target with a
uniform surface emlasivity of 0.85. The surlace reflectivity la purely
diffuse, i.e., it has no specular component. The target has a cemperature
of 220 K, and is located directly alove the ohxerver, vutside of the
carth's atmoaphere, ‘The observer altitude fa 3 km. 1In addition, four
caxex similar to this base casge (denoted case “A"), bhut each wicth one

fundamental dif{ference {rom the baxe case, vere conaideved:

(8) The target direct i wax 90 (rom the observer zenith angle,
resulting In a long alant path [rom the ohaerver to the
target.

(C) The ctarget sxurface emissivity was 0.15 rather than 0,85,
changing the relative magnitudes of the target =signature
components (thermal emission and zcatiered ecarthshine).

(D) The rarget hase temperature was 290 K ratlier than 220 K.

Target signatures were calculated with cthe Spectral Sziences Target IR
Signature (SSTIRS) code uaing the 5 em~ 1 LonTRAN-S option. Transmitted
spectral radiances for cases A=D are plotted in Figures 1=4, respectively.
In addition, the earthahine scattering and thermal emisxion components of
the total xignactures are also shown i the (iguren, In care A, cthese
components are comparable {n magnitide ahove 5 pm, but earthshine
scactering dominates the signature below 5 ym, Atmoapheric ahsorption by
0, COz, and 03 are apparent in the spectrum. These ahsorptions are
greatly enhanced in case B (xee Figure 2}, where the oluserver line-of-sight
(LOS) ctravels alonpg a long slant path to the target. In case G, the
surface reflectivity has been enhanced at the expense of the emissivity,
and as a vesult, the intensity of the reflected ecarthshine dominates the
thermal emissfon (see Figure 3). By increcaxing the target temperature from
220 K to 290 X, thermal emission is the dominsnt feature of the target
signature (see Figure 4),

For the temperatures considered here (200-300 K), the ideal thermal
imnging system would have appreciable sensitivity in the 8-10 ;m region to

take advantage of the atmospheric transmission window between the 6.3 )m

-2 -




0 and 9.6 pm Oy abxarption bamiz, ami the fact thar the peak of the
Mlaneck function [a near thia region At theae temperaturea. ‘The advanuted
IrSl  Cacal plane arvays currently under development are potenclal
candidatex for guch & system, In contrast to PrSi arvays, whoxe xpectral
reaponse cuts off At ahaut 6 pm, The theoretical response of an 1eSi array
excends to almont 12 um. To date, IrSl focal plane arrvays have been bullc
with appreciable tesponse out W 9 pm,  The spactral responses of YTrSi and
PeSL arrays are placted in Figure 5,

Table 1 contains predievions of the current that would be meazured by
the advanced IrS{ avvay of Figure 5 in three apecetral band passes (assuming
a f(lat (ilter transmirrion) in which chere is sxignificant atmospheric
tranamission. The prediected eurrent 1| s calculated by the equation

»2
I = &Of RIXN) S(2) X (1)
|

where 30 ix the xolid angzle viewed by a xingle pixel, R(N\) iz the ctarget
radiance, and S()\} ia the detector spectral reaponse f{unction. 20 was
calculated assuming an imape scale of 8.25 arcseconds/mm (i.e., the image
seale of the AMOS 1.6 m telescope at the Cassegrain focus), and an array
diagonal dimension of 20 mm, The spectral band passex chosen, 3.0-4.2,
4.35-5.3, and 8.0-9,5 pw, <orcespont: to the most useful band passes for
thermal imagers bhased nn MSi arrays, current IrSi arrays, and advanced
1rSi arrays, respectively. The resxponse of the advanced IrSi array is
similar to that of the current IrSi arvay in the 4,.5-5.5 pm region, and
similar to that of the PtSi array in the J.Q-4.2 um region, The following
trends can be discerned {rom Tabls I, For the (our cases considered here,
the most intense sipualx nre associated with case D, bhecause its 290 K
temperature yields more thermal vadiation. Though the target temperature
is only 220 K in case G, its aignature is almest as bright as that of case
D due ro itm lower surface emissivity (e~0.15 for case C vs, 0.85 for the
other cases) and resulting higher earthshine reflecctions. The lowest
overail signal is associated with the long slant path case, case B,
Comparison of the current predictions for cases A and B show that of the
three band passes considered, the 8.0-9.5 pm band pass is least affected by

atmospheric attenuation,




The aignature calculationa for cases A I) were repeated at temperatures
1, 2, 5, and 10 degreez higher than the haxe temnerature for each casne.
Figures 6~9 plot for cases A D, respectively, the increasxe in the current
measured by a single pixel of an advanced 1rSi array resulting from cheae

temperature increases as caleulated by
al(z) = [R(N,T) = R(N, T,)IS(N)d0 (2)

where T ix the target temperature, T, is the hane temperature for the case,
and the remaining variablies have been defined previouxly, Figures 10-13
plot integrated in-band current as a function of temperature difference for
caxes A-D, respectively.

1n order for a thermal imager to detent a temperature difference, the
measured current difference corresponding to the change muxt he greater
than detector current noise levelsx, and greater than the difference in dark
current hetween adjacent pixela., We have not lbeen able to determine what
current noise levels are, or liow well the dark current is controlled from
pixel to pixel, hut the overall aum ol thexe factors is likely less than
the magnitude of the dark current itmelf. The dark current is very
strongly dependent on the focal plane array (FPA) ctemperature, Dark
current density for three arraya is plotted as a function of FPA
temperature in Figure 14, A pixel diameter of 25 ;m has hLeen assumed,

Figures 10-1] can he uxed to determine temperature smensitivicy for any
minimum current level criteria., As an example, axsume that a temperature
difference mist induce a detected current change at least as large an dark
current levels to be detectable. Then, for a PLSi array at 77 K, the dark
current density is obout 8x10"13 A, Aasuming that the pixel resolution at
the target is lnz, we gee in Fipure 10 that a PLSi array could not detect a
temperature change of 10 K (Al is about 2x107!5 A in the 3.0-4.2 pm hand
pass for a 10° change). In comparison, the dark current density for an
advanced IrSi array at 35 K is about the same as for the 77 K PtSi array,
and for the 8.,0-9.5 pm band paxs, the minimum detectahle temperature change
is less than 2°,

I1f imager data is digitized, senaor dynamic range can have significant

impact on temperature sensitivity. In this case, the minimum detectable
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vemperature difference can alao be limited hy the current associated with
one digital bit of dynamic ranpe. For example, for a sensor system wich 8
hits of dynamic range, the ancréease in signal for a given tempevature
difference munt he at least ane part in 256 of the total detected aignal.
Hhen cthermal eminsion dominates the target signature, the aignal change for
a ] degree temperature increase for the base temperaturex considered here
is on the order of a lew per cent (compare Tahle 1 and Figure 10 for case
A), and digitization doen not significantly limict temperature difference
dizcriminarien, In contrast, the signacture of A refllertive surface such as
that of case C can he dominated by reflected earthshine, and though the
voral signature is brighter than case A, a one degree temperature change is
overwhelmed by the total signal (the currenc differenze is lexx than one
part in a thousand of the total signal) and doex not trigger a xingle bit

out of 8 repardless of dark current levels,




3. SUMMARY

7o summarize, the determinaction of absolute target temperatires ia
difticulc wicthout detailed knowledge of tarpget surface properties and the
viewing scenario. The ability nf a telescope syxtem Lo discern temperatute
differences on & rarget would te greatly cenhanced hy the use of advanced
IcSi focal plane arrayx, due to increased rvesponke of thiexe matecials in
the 8-9 pm atmospheric window region. The minimum detectahle temperature
difference {s ultimately determined by the current noise and pixel=to=pixel
current variation of the array, which in turn is very atrongly dependent on
the focal plane temperature., Dark current densities vary by several orders
ol magnitude for focal plane temperature differencex of only 10 degrees.
Therefore, the lower the focal plane Cemperature can he held, the lower the
minimum detectahle temperature difference. We have determined the measured
current predicted for aeveral viewing acenariaa and detector apectral
response functions, and have shown that temperature senkitivities on the
order of |1 degree are poxsible Cor advanced IrSi ncrayx. Sensor dynamic

range can affect temperature sensitivity when images are digitixed.




TABLE }: MEASURED CURRENT PREDICTIONS (A}

BAND TASA (nm) TARGET
3.0 4.2 4.% 5.9 8.0 9.5 T(K) ¢ LOCATION
2.65%107 1% 4,4axi0 VY 2.03x10°1) 220 0.85  zenich
3.20x10 17 1.65x10° 1% 4 sax107 4 220 0.85  slanc
Latxio !l 2.0ix10 13 9. 08x10713 220 0.15  zenith
12910 £33 2.63x1071Y 1 01xi0<12 290 0.85 =zenith
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FIG.3: 220 K, e=.15
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T,=220 K, €=0.85, SLANT PATH
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FIG.13: T =290 K, €=0.85

3.2

]llllri—l Li

n

|
5.3

T-T, (0

]
2.5

JU_LLL | Ill]lil 1 | I_IllJll L1
21.01 e1. Al b @1 o101

(d) JONJH34410 INJH4NI

)
N




DARK CURRENT

FIG.14d:

48]
¢ N
LT ‘
[ I )
(g ]
12l -
t3 7~
7~ Ll
oo
>N
£) .y 1
T ) N
'
]
[
]
(37 ]
CALLS L Tmul T l'I'I"IT'l'ﬂ""[lI'ITTTT"I_l‘hu T T T bt
\‘~~~ s
—  TeslL ™ ®
~~~~~~
~~~
~~~ o
“~‘~
~~~~~
_ — g

b o by s by b J e

N
a0l o A1 .8l .80 4 A1 .01 4,01

(M3IXId/H) ALISNIO INJYYND MyHa

- 21 -

FPA TEMPERARTURE




