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1.0 fNTRODUCTION AND BASIC FINDINGS.

In April 1986 CSIRo and the Australian Bureau of Meteorologilt
propcrsed a combined imager/sounder for geostationary orbit over the
Australian region. This ambitious instrument, referred to as the
Imaging Spectrometer and Atmospheric Sounder (ISAS) throughout this
report,  was to provide:

(1) visible imagery with high spatial and spectral resolut ion;

(2) infrared imagery with both high spatial resolut ion and 1ow noise
equivalent differential temperature (NEAT) at 300 K;

(3) infrared sounding with low NEAT.

Tn short, the ISAS instrunent was to surpass the specifications of the
CZCS, AVHRR and HIRS instruments from geostationary rather than polar
arl . i  +

In this report the technical feasibility of the proposal
is assessed. The principal findings and recommendations of the report
a.re a's fol-lows.

Visible imagery with spatial resolut ion of 500 metres and spectral
resolut ion of 20 nm is possible with bignal to noise rat ios compar-
able to those predicted for GOES NEXT. If the spatial resolution is
degraded to 1000m, then the signal to noise ratio is superior to
ezCS imagery.

rnfrared imagery with spatial resolution of 2 km and noise equiva-
lent dif ferential temperatures less than 0.1- K is possible in the
2.2, 3.9 and 10 pn atmospheric windcws.

There are three viable options for the infrared. sounder, namely, a
conventional filter uheel radiometer, ail interferometer, and a
grating spectrometer. The performance predicted for the sounder
should surpass that of the HIRS instrument presently flown on the
NOAA series of polar orbit ing satel l i teS.

(4',) Rough order of magnitude estimates for the size and weight of ISAS

are 2000 x 860 x 860 mtn and 365 kg. Consequently' ISAS will require
a dedicated spacecraft,  which also must be three-axis stabi l ised,
rather than spinning, in order to provide adequate dwell times.

ISAS appears to be technically feasible, although there are complex,
unresolved problems associated with spacecraft stabiJ-ity and point-
ing accuracy of the telescope (Section 3.2).

If irrternational financial support is forthcoming, then the instru-
rnent outlined in this report warrants a technical phase A study.

( 2 )
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2.0 SPECIFICATION OF ]SAS.

A survey of the Austral ian
early 1986, found that the future
summarised as in Table 1.

rencte sensing corHluni t l r ,  undertaken in
requirements of the community could be

TABLE 1. User requirements.

User group Appl icat i  on Speci f icat ions

Meteorology

Oceanographl'

Hydrology

Land use

A a r r n A i  n a

Vi sible imagerlz

fnfrareci imagerlz

Sea surface temp
Ocean colour

Surface temp
E  r )  n r n f i  l a c" 2 "  r - " - - "  ' ' - '

Surface temp
Surface colour

<  o . 2
resolut ion < 2
resolut ion < 100
resolut ion < 4

<  n 1

resolut ion < 20
resolut ion < 1

<  n 1

resolut ion < 2

<  0 . 1
resolut ion < 20
reso lu t i on  <  0 .5

NEAT
Spa t j  a1
Spectra l
Spa t i  a l

NEAT

Spat ia l

NEAT
c n r + i r ' l

NEAT
Spectra l
Spat ia l

K
kn
nn
km

K
nn
km

K
km

K
nm
kn

In addi t ion,  the survey found that :

(1) all groups favoured a geostationary instrurnent in order to free
their  observat icns f rom the speci f ic  t imes of  overpass of  the polar
a r l r i  + i  n a  c : + a  l  I  i- *  - -  *  * * t es  i

(2)  a1f  groups indicated that  a scan t ime of  three hours for  the fu l l
d isc would be acceptable,  provide<i  that  the instrument could be
controlled from the ground to scan limited areas for measurement of
'c loud windsr and in t imes of  severe weather or  other emerqencv,

These broad recrui rements were t ranslated into speci f ic  recommenda-
t ions for  the instrument channels in the or ig inal  proposal ,  most  of
which have been reta ined in the present assessnent.

There are severa, l  opt ions possib le for  the sounder,  such as a
conventional filter wheel radiorneter, an interferometer, and a grating
spectrometer. However. it was assuned for the purpose of this
assessment that  the speci f icat ions for  the sounder channels and their
sensitivities woul-d be the same as for the improved HI,RS/2I instrument,
scheduled t -o be f lown on the next  ser ies of  NOAA polar  orbi t ing
satel l i tes,  These speci f icat ions are l is ted in Table 2.



TABLE 2.

Channel # A I NEAN*

m w m - s r - ( c m - ) -llm Um

1

4

f,

6

7

I

Y

1-0

1 1

! 2

13

7 4

1 5

a o

7 7

18

1 9

74. '7 r

74 .49

1 - 4 . 2 2

73.97

1 3 . 6 4

1 ?  2 R

1 1 .  1 1

9 . 7 !

8.  r -5

o .  t z

4 . 5 7

4 . 5 2

4 . 4 6

4 . 4 0

4 . 2 4

4 .  0 0

3 . 7 6

0 .  6 9

o .276

o .252

0 .324

o .372

Q . 2 9 8

0 .  2 8 5

o . 4 3 2

o . 2 3 6

0 . 4 0 0

0 . 2 1 5

0 . 3 6 1

0.  048

o . 0 4 7

o . 0 4 6

0 . 0 4 5

0 .  0 4 1

0 .  0 5 5

0.  141-

0 .  0 4 8

0 . 5 0

n r q

0 .  2 0

o . 2 4

o . 2 0

0 . 1 0

n  1 R

0 . 1 6

o . 2 0

0 . 1 9

0 .  0 0 6

0 . 0 0 3

0.  004

0 . 0 0 2

0 .  0 0 2

0 . 0 0 2

0 . 0 0 1

0.1*  a lbedo

* NEAN denotes the noise equivalent differential radiance.

The infrared imager speci f icat ions,  l is ted in Table 3,  were chosen

to give infrared imagery in the 2.2,  3.9 and 10 I rn windows, wi th the

latter window split in order to allow for corrections for water vapour

in surface temperature observat ions.  In addi t ion,  a channel  at  6.7 Im

vras included to monitor atmospheric water Vapour. A nominal resolution

of 2 kn was set for each channel, although subsequent calculations

show that at 10 Im the telescope is diffraction limited and that a more

realistic estimate of the resolution is likely to be 3 lgn.



TABLE 3.

Channel # Wavelength Spat ia l  5EA0*
range resolut ion

NEAT Scene

temp

um

z . v a  -  z . J 5

3 . 8 0  -  4 . 0 0

6 . 5 0  -  7 . 0 0

l - 0 . 2 0  -  1 1 . 2 0

1 1 . 5 0  -  1 2 . 5 0

km ?

0 .  1 0

K

0 .  1 0

0 .  5 0

0 .  L 0

0 . 1 0

1

)

J

4

5

)

2

2

3 0 0

3 0 0

230

300

300

*  Not-e that  the noise equivalent  d i f ferent ia l  a lbedo NE[p is  speci f ied
for  channel  1,  rather than the noise equivalent  d i f ferent ia l  tempera-
ture.

The requirement for the visible imager was to supply data similar
to CZCS/GOES for oceanographers,/meteorologists, and this led to the list
of  e ight  channefs suggested in the or ig inal  proposal .  I t  was
subsequent ly found that  the 600 mm telescope proposed for  ISAS would
a1low 500 m spat ia l  and 20 nm spectra l  resolut ion throughout the whole
vis ib le spectrum, so the possib i l i ty  of  an imaging spectrometer was
consider:ed. Such a device a1lov/s all channels to share the same
footprint and to be sampled simul-taneousty. The dispersive element
for  the spectrometer could be ei ther a grat ing or  a pr ism. The lat ter
has the advantage that  i ts  energy ef f ic iency is  a lmost  constant  over the
vis ib le spectrum, but  the disadvantage that  i ts  d ispers ion deqreases
with wavelength.  Consequent ly,  when used wi th a detector  array whose
pixel  spacing is  uni form, the placement of  the channels of  a pr ism
spectrometer is controlled by the power of the prism, a fact which might
not be acceptable to some members of the remote sensing community.
Despi te th is potent ia l  d i f f icul ty ,  the channel  centres and widths used
in this report were calculated for the prism spectrometer described
in Appendix 1 and are l is ted in Table 4.

The instrument packages of  ISAS must have not  only h igh precis ion,
as speci f ied above,  but  a lso high accuracy.  Cal ibrat ion targets and the
frequency of  observat i .on of  such targets are not  d iscussed in th is
report ,  a l though the di f f icul t ies in designing targets wi th precisely
contro lLed temperature, / ref lect iv i ty  are c lear ly recognised.



TABLE 4.

Channel # ),
ml_n

nm

A l spec s,/N

at 1a albedo

1

a

5

o

7

I

1-0

1l_

t 2

l 5

_15

f o

L 7

1 8

19

4 0 0 . 0

4 1 o . 9

4 2 2 . 5

434.8

448.O

1 0 2 .  u

4 7 7  . O

493.r
q l n  q

q ) q  t

549.4

t 1 1  a

62L.O

649.5

6 8 0 .  I

" 1 <  
C

7 9 6 . 9

8 4 5 . 3

4ro.9

4 2 2 . 5

434.8

448.O

462.O

4 7 7 . O

4 9 3 . 1

a z Y . z

549.4

5 ' 7 1 . . 2

62L.0

649.5

6 8 0 . 8

7 q 6  q

8 4 5 . 3

9 0 0 .  0

4 0 5 .  5

4L6.7

424.7

4 4 1 - . 4

4 5 5 . 0

469.5

4 8 5 .  1

5 0 1 . 8
( 1 0  a

E O 2  1

6 0 8 .  0

665.2

698.2

7  3 4 . 7

7 7 5 . 4

82L.L

472.6

1 n  q

t _ 1 . 6

L 2 . 3

1 3 .  L

L 4 , O

1 q  n

1 A  1

7 7  . 3

L 8 . 7

2 0 . 2

2 r , 9

23.8

3 1 . 3

34.6

4 3 . 0

4 6 .  J

5 4 . 7

2 0

2 0

2 0

2 0

20

2 0

2 0

2 0

2 0

2 0

2 0

20

2 0

2 0

2 0

2 0

20

2 0



3.0 TECHNICF.L ASSESSMENT

A schematic of the proposed instrunent is shown in Figmre 1. The
functions of the visible irnager, infrared imager, and infrared sounder
are separated in the focal plane of the telescope. This implies that
the different instruments observe different fr:otprints on the earth, as
shown in Figure 2. This arrangement makes full use of the available
energy and is a natural f i rst choice, unless there is an overriding
requirement for simultaneous observatj.ons by a1l three instruments (a
task which would be difficult because the instruments have different
resolut i-ons). In the sections which fol low, each of the .components of
the system wil l  be discussed brief ly.

3 .1  Foca l  P lane Sp l i t te r .

Figure f. is purely schematic, and in reality the distance between
the images of the di.fferent footprints in the focal plane is large in
comparison with the images, as shown in Figure 3. Separation of the
footprints requires a device such as that shown in Figure 4. ft consists
of a prism, whose plane faces ref lect l ight to the infrared instruments,
and through which a conical hole has been bored to pass light to the
visible spectrometer. Such a device maintains a f ixed relat ionship
between the reflected beams, a fact which night simplify the alignment
of the instrument packases.

3 .2  Scan Mi r ro r .

As wil l  be shown later, there is suff icient energy avai lable with a
600 mm diameter telescope to give 500 m resolution in the visible
with spectral channels only 20 nm wide. The quest for 500 m resolution
places severe constraints on the stability of the spacecraft, and almost
certainly would require a computer controlled scanning system which
wouLd sense fixed stars and compensate for the wobble of the spacecraft
and the motion of components in other instrument packages. Such a
system is being devised by ITT and Ford Aerospace in order to achieve 1
kp resolution for GoES NEXT.

rf poi.ntinq accur of 500 metres (14 Urad is to be achieved
the instrument and satel l i te must be cons a s a

Ievel  of ration between nstrument i lder
and the manufacturer t o ts
the project .

Before considering the design and fabrication of the scan mirror
proposed for ISAS, it is worth considering the scan mirror for GOES

NEXT (Table 5) ,  the design of  which is  one of  the more chal lenging
aspects of the GOES NEXT program.

The scan mirror of GOES NEXT wil-l receive direct sunlight onto part of
the mirror near loca1 midnight, so large thermal gradients of the order
of  5 C wi l l  be produced in the rn i r ror .  Because the -n ickel  coat ing and

the beryllium base have different coefficients of thermal expansion' thd

temperature gradients lead to a warping of the mirror and consequent
Ioss of pointing accuracy. Over the perioil of a ilay, the mirror
temperature is expected to vary from 10 C to 30 C.



Figure 1:  Schemat ic d iagram of  ISAS.

Footprints of Imager and Sounder (Not to scale)
Visibte

IR Imager Imager Sounder

2 x 2  k m
pixels

1/2x1/2
km pixets

8 x B  k m
pixets

Figure 2:  Footpr ints of  the imagers and sounders,  not  drawn to scale.



Footprints of Imager and Soundet ( Drawn to scare )

IR Imager

I
Visible Imager

T

1 0 0 k m g 1 g g p t

Figure 3:  Focal  p lane of  the te lescope, drawn to scale.

Figure 4: Prism beam spl i t ter.

Aperture in
focat plane

(not to scale)

Infrared
Imager

Infrared
Sounder

Visibte Imager 0 Smm
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TABLE 5. GOES NEXT scan mirror.

Size

I,reight

Materi.a1

Drive

E11 ip t i ca l .

Minorr/major axes of 3OO/425 nn.

2 kg.

Sol id bery l l ium blank,

nickel  coat ing for  pol ished surface,

mi l Ied out  f rom the rear,

matte black on reverse of mirror surface,

gold p lat ing on r ibs.

Two axis inductosyn drive.

While there is probably no great problem in producing a scan
mirror of the size required by rSAS (minor,/major axes of 600,/850 mm),
especial ly i f  hot isostat ic pressing (HIP) is used to fabricate the
mirror from berylli.um powder, the thermal problem wj.ll be acute, because
the rnagnitude of the warping probably rvi1l be twice that of GOES
NEXT, whereas the pointing reguirement is twice as precise.

If j-t is assumed that the footprint pattern of Fignrre 2 needs to be
repeated 4 times in order to achieve a realistic signal to noise ratio
for ISAS, then the scan rate for the mirror is approximately 30 seconds
per line, or 2/3 degree per second. In addition it would probably be
necessary to have a rapid scanning mode, so that the mirror could be
swept aside to view space for calibration or directeC to a linited area
scan. Since the mirror mass would be at least I  kg (est inated on the
basis of the mirror for GOES NEXT), such rapid motions would have to
be taken into account for the angular momentum budget of the satellite.

3 .3  Te lescope Des ign .

Prelirninary calculations indicate that an f/5 Cassegrain telescope
would have acceptable obscuration factor and blur diameter for the field
of view required (3 mrail), as shown in Fig,ures 5 and 6. Also shown for
comparison in Figrure 7 is an f/2.5 design, in which sufficient back
focus has been allowed both for mechanical support and for placement of
the secondary instrument packages. It is clear that t}re f/2.5 design is
unacceptable, because the ( l inear) obscuration has reached 50*. In al l
calculations which follow, a focal ratio of f,/6 has been assumed.

The prime mechanical requirements are light weight and thermal
stabi l i ty. Consequently, beryl l ium is a natural choice for the mirrors.
Carbon fibre materials might well be suitable for the structuraL
members, if the problems associateit with creep and water absorption can
be overcome. Carbon fibre has been used on the thematic mapPer of
LANDSAT, but special procedures were .equired to continually monitor the
variations in the telescope length prj-or to launch.
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Figure 5:  Scale diagram of  an f /5 te lescooe.
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Figure 6:  Blur  d iameters as a funct ion of  f ie ld of  v iew.

f,/2'5 Cassegrain

f/5 Ritchey-Chretien
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200 mm

Figure 7:  Scale diagram of  an f /2.5 te lescope.

Both GOES NOW and LANDSAT (built by Hughes Aircraft Company) have

focus and alignment controls. On GoEs Nowr the focus may be controlled

from earth while the satellite is in orbit, whereas on LANDSAT the

adjustment is only used while the instrument is in a simulated space

environment in the laboratory. The proposal for IsAs has the field stop

for each instrument in the focal plane of the telescope, rather than at

the detector, io the alignment of the instrument packages will be

cr i t ical .  consequent ly,  a focus and al ignment contro l  would almost

certainly be necessary in the laboratory, and possibly also necessary

in space.

It is'worth nothing that I,IATRA proposed a 600 mm, f,/6, nitchey-

Chretien telescope for the next generation of METEOSAT. Separation of

imager and sounder channels was to be achieved in the focal plane' so

that not only did the separate instruments observe different footprints

on the ground, but so too diil the several channels of each instrument.

lIt seems that IIATRA proposed to scan the field of view with a small

mirror  af t  of  the secondary te lescope mirror .  Calcdlat ions by CSIRO

showed that this proposal leads to absurdly large blur diarneters for

footprints far from the optic axis. Consequentlyr such a scheme .was not

contemplated for  ISAS.I

3.4 v is ib le rmager.

The number of channels requested by the user contrnunity is so large

that the rnost practical approach is to analyse the visible and near

infrared spectrum with an imaging spectrometer. A nominal resolution of

20 iln can be qchieved comfortably with a narrow angle prism and 25 mm

optics, as shown in Appendix 1-. However, there are two questions which

ought to be referred to the user conmunity if a spectrometer is to be

considered.
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Tn a spectroneter  rd i th a rectangular  detector  array,  the placement-
of  the spectra l  bands is  f ixe<i  by the <l ispers ion of  Lhe pr ism and
the s ize of  the pixels.  Consequent ly,  the spectrometer must  of fer
suf f ic ient  spectra l  resolut ion over the whole v is i l . .Je spectrum that
the user can synthesise the bands he requires f rom the data
acguired.  For users who require only broad band data (greater  than
100 nm bandwidth) ,  the nominal  20 nm resolut j .on assumed in th is
study sbould be qui te adequate.  However,  for  users who reguire
narrow bands ( less than 100 nm bandwidth) ,  the possi .b i l i ty  that  the
band wi l l  not  be centred at  a speci f ied wavelenqth must be consid-
ered.  This point  wi l l  be part icular ly  important  to oceanographers,
since czcs data have a half-power bandwidth of 20 nrn. one obvious
remedy is to sacr i f ice s ignal  to noise rat io in order to increase
the resolut ion of  the snpctrncrenh.

The dispersion by a pr ism decreases f rom blue to red,  a l though the
deperrdence upon wavelength can be nin imised wi th composi te pr isms
fab:r icated f rom sui table g lasses.  I . , revertheless,  the dispersion at
40C nm would be at  least  four t ines th.e d ispersion at  9OO nm.
Whether such a vary ing resolut ion coul<l  be accepted by the user
communit lz  must  be ascerta ined.

These points are i l lustrated by Figures 8 and 9 which show the
placernent of  the channel  centres and the ch-annel  widths for  a pr ism
spectrometer which.  spans the v is ib le spectnl r ' r  f ron 4C0 nm to 900 nm with
2C channels.  The channel  width is  nominal ly  20 nrn at  540 nm, but  in
fact  var ies f rom 11 nm at  40C nrn to 54 rrm at  900 nm. These channels,
a l so  l i s t ed  i n  Tab le  4 ,  have  been  used  i n  t he  sens j t i r z i t y  ana l ys i s .

Eoth the problems ment ioned above can be solved dimply i f  the
detector  array is  fabr icat-ecl  wi th non-uni fonn spacing of  the elements in
the spectra l  d imension.  This is  not  technical ly  Ci f f icul t ,  but  would
add very s igni f icant ly  to the cost  of  the spectrometer package.

( 2 )

E roo

fi oso
C
o
E 600
o3 sso

900

8s0

800

750

s00

450

400
4 8 1 2 1 6 2 0

ChanneI number

Figure 8:  Vis ib le spectrometer channel  centres.
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sensi t iv i ty  analyses for  the v is ib le spectrometer are contained in
Appendix 2. They assume that the two dimensional photo-diode array is
bump-bonded to an array of transimpedance amplifiers with multiplexed
outputs.  With such an array,  the s ignal  to noise rat io of  each element
is essent ia l ly  that  of  an isolated diode and ampl i f ier .  The pr imary
noise sources are the Johnson noise in the paral le l  dynamic resistance
of the diode and feedback resi -stance of  the ampl i f ier ,  shot  noise in the
diode,  and noise in the ampl i f ier ,  a l though the last  source should be
negl ib le for  state of  the ar t  ampl i f iers.

Tv/o separate calculat ions were carr ied out ,  corresponding to the
high, / low albedo of  land/sea wi th spat ia l  resolut ions of  0.5/L.0 km.
They are summarised in the Tables 6 and 7.

LAuL.E; b. Lancl l-magery a! f,bu nm.

GOES NEXT

Spat ia l  resolut ion

spectra l  resolut ion

S,/N at 100* albedo

Dynamic range*

0 . 5  k m

22 nm

>  5 b u

912

L k m

100 nm

420

6 5 0

*  Dynamic range is the rat io of  the detector  current  at  100* and at  0t
a l bedo .

5 0

4 0

Es
t r 3 0
E

=

2 0

1 0
4 8 1 2 1 6

Channet number
2 0

t l

Figure 9: Visible spectrometer channel widths.
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TABLE 7. Ocean imagery at 560 nm.

ISAS czcs

Spat ia l  resoLut ion

Spectral resol-ution

s/N at  5.2t  a lbedo

Dynamic range*

l- km

22 nm

764

36 tJ

0 . 8 2 5  k m

20 nm

> L25

limited by digit iser

* See footnote for Table 6.

Note that the albedq spgcifiefl i4
rad iance  o f  28 .6  wm- "  s r - '  ( cm- t1 - t ,
of  the CZCS instrument.

the second Table corresponds to a
the value used in the speci f icat ion

( 1 )

The calculat ions show that :

imagery superior to AVHRR and GOES NEXT is possible with a spectral
bandwidth of  20 nm and spat ia l  resolut ion of  0.5 km;

the high s ignal  to noise rat io of  CZCS imagery can be achieved wi th
a spat ia l  resolut ion of  1.0 lan,  but  not  0.5 km.

It is not possible to improve the sj-gnal to noise ratio by widening
the swath t'o increase the dwell time without simultaneously increasing
both the 1rlf noise in the sounder and the heat load from the infrared
detectors.  Consequent ly,  the rather unsat is factory opt ions are ei ther
to incLude two visible spectrographs for land and sea, with spatial
resolut ions of  O.5 and 1.0 km, or  to deqrade the spat ia l  resolut ion
of  a l l  v is ib le imagery to 1.0 km.

3 .5  I n f r a red  Image r . .

The speci f icat ions for  the infrared imager are l is ted in Table 8.
The proposed design uses dichroic beam spl i t ters to separate the long,
medium and. shortwave infrared components, as j.ndicated in Figure 10. A
sensi t iv i ty  analysis for  the imager,  based upon manufacturerst
guar-anteed detectivities, is presented in Appendix 3 to show that the
speci f icat ions can be achieved.

For a te lescope wi th a c lear c i rcular  aperture whose diameter is  D,
the angular radius of the Airy disc produced by a point source at
inf in i ty  is

t . 22  ) , /D

According to Rayleighrs c lassical  argument,  848 of  the avai lable energy
fal ls  vr i th in the Airy d isc.  For a satel l i te te lescope, the source is
extended and fi1ls the entire field of view defined by the field stop.
In th is case,  Goldberg and McCul loch (1968) suggested that  a pract ical
def in i t ion of  resolut ion is  the s ize of  the region which contains 84t  of
the energy f rom the f ie ld of  v iew. For the ISAS te lescope, wi th a 2.0
km field of view and 25* obscuration, the effective resolution turns out
to be 3.0 km at  10 1ln,  so the te lescope is d i f f ract ion l imi ted.
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TABLE 8. Infrared ir.nager performance.

Wavelength
range
um

resclut ion
km

IqurPber of
- i - , ^ 1 -

NEAr NEAT Scene
(spec) (expected) tenp

K K K

t  n E  -  ,  ? q

3 . 8 0  -  4 . 0 0

6 . 5 0  -  7 . 0 0

1 0 . 2 0  -  1 1 . 2 0

1 1 . 5 0  -  1 2 . 5 0

)

)

1_6

a o

7 6

f o

a o

0 . 1 0 * *

0 . 1 _ 0

0 .  5 0

0 .  1 0

0 .  1 0

0 . 0 2 8 ? *  3 0 0

0 . 0 3 9  3 0 0

0.295 230

O ; O 2 2  3 0 0

0 . 0 8 6  3 0 0

* The figures quoted for
equivalent dif ferential

t } : ,e 2.2 l rn channel  are the noise
a lbedo ,  l lEAP .

Relay optics

Dichroic beam splitter assembly

3'8-4'0 prm

Fiqure 10:  Infrarecl  imaqer schemat ic.
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3.6 Infrared Sounder.

There are three options for the infrared sounder:
( i )  a f iLter  wheel  instrument,  such as the I I fRS instrument,  current ly

deployed on the NOAA satellites and soon to be deployed on GOES
NEXT;

( i i )  a Michelson inter ferometer,  such as the HfS instrument,  proposed by
Srni th et  a l .  (L979) at  the Univers i ty  of  Vi isconsin;

( i i i )  an infrared spectrometer using grat ings as the dispersive elements
and two dimensional  detector  arravs.

The filter wheel radiometer offers proven technology. Some might
argue that  i t  is  outdated technology,  s ince the or ig inal  design for  the
HIRS instrument is  near ly 20 years oId.  However,  i ts  advantages are
that :

few detectors are needed;

the s ignal  to noise rat io can be improved wi th cold f i l ters,  to
reduce lonqwave background thermal flux, and v,/ith aplanats, to
reduce the system focal ratio to better than f/I, so that smaller
detectors can be used.

I ts  pr incipal  d isadvantages are that :

sequent ia l  sampl ing of  the several  channels wastes dwel l  t ime;

the channels are f ixed at  launch.

The sounder on cOEs NEXT will be a minor modification of the HIRS
instrument. Since the telescope proposed for ISAS has twice the
diameter of that for GOES NEXT, but other factors such as sounder
footprint and scan time are approximately equal, it is clear that a HIRS
instrument could be appended as the infrared sounder packase for fSAS.

According to Smith et  aI .  (7979),  an inter ferometer of fers a s ign-
ificant improvement in passive scunding capability. A prototype for HIS
has been constructed for  the Univers i ty  of  Wisconsin by Bomem and the
Santa Barbara Research Centre,  and t r ia ls f rom a U2 aeroplane were
conducted recent ly .  The reported resul ts are encouraging (Smith et  a1.
(L986) ) .  The advantages of  an inter ferometer are that :

few detectors are neededi

the resolution and the spectral region can be placed under ground
control.

I ts  pr incipal  d isadvantages are that :

the instrument requires a long dwelI t ime to achieve high spectral
resolut ion, because the displacement of the interferometer rnirror
may need to be as large as 1-0 cm;

the instrument involves moving mi.rrors and alignment of the system
must be achieved dynamically with an auxiliary interferometer
svstem.
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The HfS instrument could not be incorporated into the present

proposal  wi thout  s igni f icant  modi f icat ions to i ts  opt ics.  Fi rst ly ,  HIS

includes i ts  own te lescope. Secondly,  a counter-rotat ing mirror  would
be needed to compensate for the motion of the scan mirror in order to

achieve adequate dwell times. However, the concept of using an

interferometer is attractive, especially ifrthe interferometer aims for

lower spectra l  resolut ion (such as 10 cm 
-)  

so that  smal ler  mirror

displacements (0.L cm) and shorter  dwel l  t imes would suf f ice.

The th i rd opt ion,  which uses a grat ing spectrometer,  is  technical ly

the s implest .  To achieve high grat ing ef f ic iencies,  the beam must be

split into bhort, medium and long wavelength components with dichroic

beam splitters and a separate grating used for each spectral region.
The analysis of  Appendix 5 shows that  ef f ic iencies in excess of  758 are

then possible and that the required resolution can be achieved with

25 mrn opt ics,  wi th a conf igurat ion such as that  shown in Figure 11.

The advantages of the grating spectrograph are:

no moving partst

aI I  channels are sampled s imul taneously.

f

Dn

- fold rnirror n
- coltimating mifrof
-dichroic beam

sptittef n
6n -grating n
FPAn - focat plane

arfay n
ZnSe

Gr

0r Dr-  
3 7 6 ! m - 4 5 7 i r m

125 g/nn

CdTe

G 3

' 1
6 7 2 p m - 8  1 6 / l m

25 g /nn
9.71pn - 14'71 pn

20 g/nn

0 50mm
F2

Si visibte
detector

Figure 11: Grating spectf,ometer schematic.
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I ts  d isadvantases are:

the detectors must
pl-ane;

be placed in a focal plane rather than a pupil

inf rared detector  arrays are neededt

the channel-s are fixed at launch.

Detector arrays pose a problem because the heat they generate is
di f f icul t  to d iss ipate.  Infrared detectors require cool ing to reduce
thermal background noise. For exampLe, in the AVHRR and GOES NEXT
instruments,  the detector  temperature is  100 -  l -05 K,  whereas GOES NOW
maintains i ts  detectors at  80 -  85 K.  Detectors are used in the
photovoltaic mode for wavelengths up to about 8 Um, in which case the
joule heat ing in the detectors is  minimal ,  but  at  longer wavelengths,
where mercury-cadmium-telluride (HgCclTe) detectors must be operated in
the photoconduct ive mode, the opposi te is  t rue.  Since the power
dissipated by the detectors must be radiated to space,  the s ize of  the
radiat ive cooler  can become prohibi t ive i f  the detector  d iss ipat ion is
large.

When detectors are placed in the focal  p lane,  i t  is  possib le for
hot spots on the ground to coincide with hot spots on the detectors and
lead to unrepresentat ive s ignals.  This problem is only s igni f icant  for
the 15 pm CO^ bands,  where di f f icul t ies in the fabr icat ion of
HgCdTe detect5rs can lead to s igni f icant  var iat ions in the composi t ion
of  the al loy across the detector  p ixels.  At  present,  the only way in
which these problems can be overcome is to keep the size of the
detectors as smal l  as possib le,  a fact  which addi t ional ly  helps in
reducing noise.  Detai ls  are given in Appendix 6.

146 t. '57

tl
t l
tl
LI
4.00

tr
t ltr
l l

I ' 5 5

EEtrtl
EEEE
1.40 152

11 '11  13  35  13  97  14 ' /+9

s,.1. 
or----lott D zoopt

200 pm

Figure 12: Focal plane array for the infrared sounder.
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The detailed sensitivity analysis for a grating spectrometer is
given in Appendix 5, but the principal results are summarised in Table
9, where the predicted noise equivalent differential radiances are
corpared with those for the improved HIRS/2I instrument' which will be
flown on the next series of TTROS satellites. The analysis assumes that
a focal plane array has been fal:ricated so that the detector elements
correspond to the standard HIRS channels, as shown in Figure 12. It is
cLear from Table 9 that the HIRS specifications can be exceeded from
geosynchronous orbit.

TABLE 9. Sounder performance.

HIRS channel # A t NEAN

N L K D /  Z L  ] D A D

-2  -1  -1 .  -1 -
mlV m sr (cm )um um

2

2

5

6

a

q

74.7L

L4.49

! 3 . 9 7

f , J .  O +

1 ?  ? q

1 1 . 1 1

9 . 7 7

8 .  1 6

6 . 7 2

4 . 5 7

4 . 5 2

4 . 4 6

4 . 4 0

4 . 2 4

4 . 0 0

o.2L6

o . 2 5 2

o . 3 2 4

0 . 3 1 2

0 . 2 9 8

0 . 2 8 5

o . 4 3 2

o . 2 3 6

0 . 4 0 0

o . 2 L 5

0 .  3 6 1

0.  048

o . o 4 7

o . 0 4 6

0 . 0 4 5

0 .  0 4 1

n  n q q

0 .  1 4 1

n q n

n q ?

o . 2 9

o . 2 0

0 . 2 4

o . 2 0

0. l_o

0 .  1 5

0 . l _ 6

o . 2 0
n  1 0

0 .  0 0 6

0 . 0 0 3

0 .  0 0 4

o . o o 2

0 . 0 0 2

0 . 0 0 2

0 .  0 0 1

o . 2 7 5

o .248

0.  201-

0 .  1 9 8

0 .  0 5 5

0 .  0 5 8

0 . 0 3 5

0 .  0 3 8

0 . 0 2 5

o .  0 0 1 5

0. 001-5

0.  00L4

0.  0014

0 .  0 0 1 4

0 . 0 0 1 0

0 . 0 0 0 6

1 0

1 1

t 2

-LJ

7 4

I )

l_o

7 7

L8

1 9
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3 .7  Rad ia t i ve  Coo1e r .

The radiat ive cooler  wi l l  be a three staqe device wi th:

(1)  an inner patch at  L00 Kz upon which the detectors wi l t  be mounted;

(2 )  a  r ad ia to r  a t  150  K ;

(3 )  a  sunsh ie l d  a t  24O K .

Of the several  opt ions presented for  the infrared sounder,  the nost
di f f icul t  to cool  is  the grat ing spectrometer,  because i t  has the most
detectors,  so th is case is  considered in the desiqn of  the cooler
presented in Appendix 7.

Figure 13 shows the diameter of  the patch as a funct ion of  the
detector  power d iss ipat ion,  wi th a l l  other factors assumed constant .
Real is t ic  est imates of  the detector  d iss ipat ion are l is ted in Table 10.

Tp =  100
Tr  =  150
Ts = 240
Th = 290

K
K
K
K

0 100 200 300 400 500
Detector dissipat ion (mW)

Figure 13:  Patch diameter as a funct ion of  detector  d iss ipat ion.

500

4 5 0

400

E 3so
L
o
t  300
E
. E
!

-c 250
U

fI,o- 2oo

1 5 0

1 0 0



Instrument mater ia l  channels p ixels detectors size power/ total
6 l  a f l6h+ n^r . r6 r

mW mWun

Z J

TABLE 10.  Infrared detector  power d iss ipat ion.

IR imager PV InSb

PC HgCdTe

IR sounder PV InSb

PV HgCdTe

PC HgCdTe

'J.6 
4A

a b  J z

5 0

5 0

o . 2 5  1 2

n  t R  a

7 . 5 0  2 4 0

250

250

250

3 1 0

Thus,  the tota l  detector  power to be diss ipated is  l ikely to be 310 mW'

in which case the patch diameter would be 370 mm. This is  large by

current  instrument standards,  but  i t  is  not  unreasonable qiven the s ize

of  a l l  other components of  ISAS.

For completenels the expected diss ipat ion of  the v is ib le detectors

is t is ted in Tabl-e 11.

TABLE 11.  Vis ib le detector  power d iss ipat ion.

rnstrument material channels pixels detectors size power/ total
array power

um mW mW

7

3

I

A

4

2A

L 2

J Z

Vis irnager

Vis sounder

606 4

4

2 0

1

5 a

D

r280

A 200

60

neglible

3 .8  S i ze ,  we igh t  and  Power .

on the basis of  the GOES NEXT instruments,  i t  is  possib le to

est imate the s ize,  weight  and power requirements of  ISAS. Figure 14 is

a suggested mechanical  layout  wi th d imensions 2000 x 860 x 860 mm and

est imated weight  365 k9.  Breakdowns of  the weight ,  based on f l ight

proven modules and di rect  extension of  known designs,  and compar isons

with other instruments are presented in Tables 12 and 13.
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Figure 14: (a) Outl ine dimensions, (b) Instrument layout.
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TABLE 12. Size and weight est imates.

Module Sub asseribly weight (kg)

Sensor module Struct-ure assembly

l f +  ^ 6 + i  ^ c

Relay opt ics assembly

Telescope assembly

Scanner assembly

Radiant  cooler  assembly

168

J

7

4 7

20

6 L

L 7

3 6 5

I J

365 -  438

Electronics module

Power supply module

Estinated total instrument weight

Uncertainty (+208)

Total instrument weight range

TABLE 13. Weight and power comparisons.

INSTRUI'IENT DIAM STZE
Sensor

mm mm

Electronics
nm

WEIGHT
Sensor Electronics Total

kg kg ks

INSAT VHRR 2OO

AVHRR,/2 2O0

HIRS 2OO

GOES,/imager 300

GOES/sounder 300

rsAs 600

275x288x6O6

283x360x755

300x315x640

45Ox47Ox1025

45Ox47OxLO25

860x860x2000

305x250x353

125x325x375

1.25x325x375

z o

Z Y

J 5

7 2

80

2 4 7

3 9

t d

4 5

2 9

J J

11r_

7L7

J O )

l-5
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The likely power breakdown is shown in block form in Figure 15 and
compared with the breakdown for GOES NEXT in the Table 14.

Note that the power for the analog data channels and detectors is
reckoned at  1.0W per channel  p lus the diss ipat ion in the detectors.  The
power profile for ISAS is expected to be very similar to that for GOES
NEXT, shown in the Table 15.

TABLE 14.  Power compar isons.

Funct ion GOES NEXT GOES NEXT ISAS
IMAGER SOTINDER
scan turn dwell step scan turn

w w w w w w

Digi ta l  processing & data out  1.00

clock t iming & controL O.25

Analog data channels & detectors 15.05

Servo electronics 10.00

Command & te lemetry (standby) 3.00

1 . 0 0  1 .  0 0  1 . 0 0  1 . 0 0

0 . 2 5  1 . 5 0  1 . 5 0  1 . 5 0

1 5 . 0 5  1 . 5 . 4 4  ] - 5 . 4 4  4 4 . 3 7

1 0 . 0 0  1 0 . 0 0  1 0 . 0 0  1 0 . 0 0

3 . 0 0  3 . 0 0  3 . 0 0  3 . 0 0

Total

Regulator input

Fi l ter wheel drive

Turnaround or step

Converter output

converter input

Switching regulator

2 9 . 3 0  2 9 . 3 0  3 0 . 9 4  3 0 . 9 4  5 9 . 4 7

( 8 5 t  e f f .  )

( 9 0 8  e f f . )

( 9 4 8  e f f . )

( 8 5 t  e f f .  )

( 9 0 8  e f f . )

34.47  34 .47

4 0 . 0 0

3 4 . 4 7  7 4 . 4 7

3 8 . 3 0

7 9 . 2 2

4 5 . 0 6

8 8 . 0 3

36.40  36 .40

6 q n

3 0 . 0 0

43.30  66 .40

4 8 .  L L

7 0 . 6 4

5 6 . 6 0

7 8 . 4 9

7 0 . 4 4

4 0 .  0 0

70.44  LLO.44

7 8 . 2 6

]-L7.48

92.07

l - 3 0 . 5 4
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Spacecraft- l

Power

Master
ctcr.k/
timing

Data/
command

Ctock
Timing./Controt

Scan/servo
ControI

Scan Mirror/
Motor

Analog Data
Channet A/D

Figure 15: Power breakilown.

TABLE 15. Power profile for GOES NEXT.

Funct ion GOES NEXT
IMAGER

GOES NEXT
SOUNDER

W

Thermal control peak

Thermal control average

Decontamination peak

Average during scan,/sounding

h r i  l r r  r r r a r : a a

Daily peak

Standby

outgas plus standby

4 6 . 4

.7?  n

+ J . 5

7 3 . 5

1 3 1 . 6

4 . 6

46.4

7 3 . 0

5'7 .4

a 7 . 1

1 3 1 . 0

4 . 6

7 7  . 6

3 .9  Da ta  Ra te .

The data .rate is
as shown in Table 16.
processing system.

dominated by the output
Figure 16 is a rough

from the visible imager,
schematic for the signal



TABLE L5. Data rate for ISAS.

Instrument pixels channels b i ts dwe1l data rate
h c a ^  M h n c

Visible imager

Infrared imager

Infrared sounder

o q

J Z

4

2 0

f

1 9

7 2

I 2

t 2

1  1 1 A  1 ?  7 4 ?

z . z J z  u . 6 o u

8 . 9 2 3  0 . 0 0 9

L4.632

12
Bii
Bus

Fign:re 16: Signal processing schematic.
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6 .0  APPENDICES.

1.  Opt ics of  the v is jb le spectrometer.

2.  Vis ib le spectrometer sensi t iv i ty  analysis.

3 .  I n f r a red  image r  sens i t i v i t y  ana l ys i s .

4.  Grat ing spectrometer desigrr .

5.  Grat ing spectrometer sensi t iv i ty  analysis.

6.  rmpact  of  non-uni formity in HgCdTe detectors.

7.  Radiant  cooler  < lesiqn.

NOTATIOIV.

The fol lowi  nq

A :

f , ) :

t .
cl

o

9 :

E ' .

R .- u

notat ions wi l l  prevai l  throughout t -he appendices.

diameter of  the te lescope opt ics (600 run)

area of  the te lescope opt ics

transmission of  the opt ical  system,
including obscurat ion by the te lesccpe

sol id angle subtended by the footpr int
at  the satel l i te

power incident upon the detector

area of  the detector

detector current

amplifier bandpass

albedo of  target

solar flux density at freguency u

solar flux density at wavelength tr

black body radiance at frequency u

black body radiance at wavelength I
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APPENDIX 1. ODtics of the vislble Lmaser.-

Figure 17 presents a f irst pass design of the visible imaging
spect-rometer. The chclce of materlal for the prisn (SF5 glass) is not '
optirnal,  because the dispersion ls a strongly nonl inear function of
$ravelength, as shown in Flgure 18. However, this design does indicate
t h a t :

(1) the spectroneter requires only snal l  diameter optics;

(2) the prism angle need only be small (approximately 60) to achLeve
adequate dispersion if a hlghly dispersive gJ.ass such as sF5 is
used.

In practLce cernented prlsrns of different materials would be used.
With a 10:1 rat io for BK7:SF11, the varlat ion in dispersion from 4OO to
900 nm is reduced to a factor of five, as shown in Fig,ure 9. This
dispersion is well represented by a curve with the form

1 5 r 1 . - 5 " ;  
- 1  

.

with

a  =  5 8 . 6 9 9 b  =  0 . 3 4 1 3 3 for wavelength in nm

Distance x in the focal  p lane of
re lated to d ispersion by

the spectrometer is approximately

11n

OX = rO -:: O/\
ol.

rt'here f is the focal length of the refocusing lens and d is the angle
of the prisrn. The relation between x and I which follows is

I  = a, / (b tanh U)

where

dn
dt

The constant c is fixed so that the beginning of the

at x = 0, whereas a is fixed so that the end of the

at  m6x,  where m is the number of  detector  p ixels

J-ength.  Thus,

spectrum ln fa1ls
spectrum l l  fal ls

and 6x i5 their
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Figure 17: Visible spectrometer design.
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a " \

f ? l

J 3

APPENDIX 2.  Vis ib le spectrometer sensi t iv i ty  analysis.

The dominant noise sources are:

( 1 )  Johnson  no i se ,

t  j '  
= 4kT Af, /R i

shot  noise,

i  2  =  2 e I .  A f  i
s o

ampl i f ier  noise,  i^ ,  which consists of  two terms, the f i rs t  ar is ing

from a vol tage sou?ce v^ developed across F-,  and the second ar is ing

from an equivalent curr6nt source withi.n the amplifier.

The s lzmbols used here are def ined as fo l lows:

- ) ? ,  - 1
k  i s  Bo l t zmann rs  cons tan t ,  1 . 381x10  

- -  
J  K  

* ;

- 1 q
e  i s  t he  e l ec t r on i c  cha rge ,  1 .602xLO 

' -  
C i

T is  the detector  tenperaturet

6f  is  the noise bandwidth;

R is the para11e1 combinat ion of  the detector  dynanic resjstance

and the feedL'ack resistance.

The s ignal  current  fd is  re lated to the power Pd incident  on the

detector  v ia

d d o

where R, is the detector responsivity. Over the wavelength rangte from

4OO to 900 nm, the responsiv i ty  of  Si  is  wel l  represented by

* d  =  0 . 6  ( l  -  3 3 0 )  / ( s 3 5  -  3 3 o )  A w - I

The power onto the detector is

F  A 1 n

D = O A- d r ' " o ' o

where the symbols have been defined previously.

The s ignal  to noise rat io is

SNR = I -/L
o n

where

l*
+  i a z  +  ( v a / R ) 2 ) '
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3 6

Signal to noise rat io for the visible imager.

0.5 km resolut ion 1.0  km reso lu t ion

albedo
1 0 0 1  1 0 *

albedo
1001  10s 1 BI 6

1  4 0 5 . 5

2 4L6.7

3 428.7

4 447.4

5  4 5 5 . 0

6 469.5

7 485.7

a < n 1 a

q  q l q  R

1 n  c ? o  ?

1 1  5 6 0 . 3

1 2  5 8 3 . 1

r -3  608.0

t 4  6 3 5 . 3

1 <  a R q  )

76 694.2

7 7  7 3 4 . 7

1 8  7 7 5 . 4

19 421.L

z v  6 I z . o

r 7 7  . 3

243.4

334.4

4]-4.4

459.1

(1 1 a)

15.  l -

2 0 . 4

3 7 . 4

4 3 . 3

4 9 . 4

5 7 .  5

6 4 . 9

7 4 . 7

560.2  84 .s

6 3 5 . 8  1 0 0 . 4

0 J z .  I  f a J . u

7 5 6 . O  1 . 2 7 . 7

a 2 r . 3  L 4 3 . 5

8 8 8 . 4  1 6 0 . 4

9 5 8 . 4  1 - 7 8 . 7

L O 2 5 . 9  7 9 7 . O

1 0 6 8 . 0  2 0 8 . 6

11,64.4 236.O

1- .5  420.9

1 . 9  4 9 2 . 3

2 . 1 -  5 2 5 . 7

3 . 0  6 7 4 . 0

? q "702. A

4 . J  t J / J . J .

5 . 1  9 4 9 . 6

6 . 0  L 0 4 4 . 2

6  A  1 1 r q  ?

7 . 9  1 , 2 2 7 . 4

9 . 0  7 3 2 3 . r

10 .9  1 .469.3

L 2 . 4  1 . 5 7 8 . 6

14.L  r .699.  8

16 . l -  1.824.8

q 7 q  A 1

7 7 . 7  7 . 5

I  t . o  t ' . 5

709.7  72 .O

7 3 6 . 7  1 5 . 3

1 5 6 .  5  1 , 7  . 7

1 7 6 . 4  2 0 . 3

202.O 23.7

z z + . 6  z o . J

2 5 4 . 5  3 1 . 1

3 2 8 . 1  4 2 . 3

3 6 2 . 6  4 7 . 9

407.6  54 .6

4 4 2 . 3  6 1 . 8

1 n  o

1 , 1 . 6

72.3

1 ?  1

L 4 . 0

1 <  n

1 6 . 1

1 ' 7  a

1 a  ?

2 0 . 2

21.9

26.O

3 4 . 6

43.0

q o . 5

ra .2  1953.0  484.6  69 .6

2 0 . 6  2 0 8 6 . 9  5 2 9 . 7  7 8 . 2

23.O 2216.O 572.3  87 .O

2 4 . 6  2 2 9 6 . 6  5 9 9 . 3  9 2 . 6

2 A . 4  2 4 A 1 . 6  6 6 1 . 6  t - 0 6 . 0
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Table 17 presents the signal to noise rat io for o.5/1,.0 km resolut ion
(:t4/28 urad f ielcl  of view) and surface albedos of 100*, 10t and 1-t.  The

values of the other parameters are as fol lows:

3 0 0  K

5bu f tz

q
1x10-  fJ

. o  =  0 . 6

I 1x10 
* -  

AHz 
'

- q  - t
1x10 

- 
VHz 

'

The sensi t iv i t ies of  the CZCS channels are speci f ied at

representat ive values of  the radiance expected at  the satel l i te,  rather

than in terms of a surface albedo. fn order to facilitate comparison of

czcs and lsAS, Table 18 presents the s ignal  to noise rat ios for  the two

instruments calculated with the albedo which produces the radiance

assumed in the CZCS speci f icat ions.

TABLE 18.  Cornpar ison of  ISAS and CZCS signal  to noise rat ios.

albedo # A l SNR SNR
0 . 5  k n  L . 0  k n

AT SNR
O . 8  k m

9 . 4 2  4

6 . 0 1  9

5 . 2 2  1 l -

2 . 9  1 5

2 7 . 5 *  l - 8

4 4 I . 4  1 3 . 1

5 1 9 . 8  r A . 7

5 6 0 . 3  2 1 . 9

6 6 5 . 2  3 1 . 3

7 7 5 . 4  4 3 . O

t '7 a

45.5

439.O

1 n a  1

744.8

,  I O J .  O

1 6 3 . 5

1 0 8 5 . 4

4 4 3

J Z U

550

670

7 5 0

20

20

2 0

20

> 1 5 0

>r40

>L25

>100

> 100
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APPENDIX 3.  Infrared imager sensi t i .v i ty  analysis.

Af  = t /  (2nta)

The noise equivalent  d i f ferent ia l
d i f ferent ia l  temperature,  I {FAT, are

The s ignal  to noise rat io for  an infrared d.etector  is

sNR = P. D* / tE.Lt ,
o c l

where D* is  the speci f ic  detect iv i t -y  of  the detector ,anC P- is  the power
inci<ient  upon the detector .

p "  =  r A n B A v
o  o o  \ )

The noise bandwiclt-h is assurned to be relat-ed tc the dwell time t- and
o

scan ef f ic iency 1 by

raCiance,  NEAN, and noise equivalent
def ined bv

NEAN 
-

NEAT 
-

a

a
AT

( S N R )

(SNR)

The values used for  the speci f ic  detect iv i ty  in the sensi t iv i ty
calculat ions below are the mj.n i rnum speci f icat icns guaranteed by the
manufacturer ,  wi tb due al lowance for  I / f  noise and reduced anqular
aperture of  the f inal  opt ics at  the detector .

The f i rs t  correct ion ar ises because the manufacturerrs
speci f icat ions are quoted at  a f requency,  tn,  which l ies bel-ow the knee
freguency,  fv ,  where the 7/ t  noise melges into the generat ion-
recombination"noise cf the detector. If the frequencies at which the
bandpass fa1ls to hal f  power are_f ,  and f r ,  then i t  is  not  d i f f icul t  to
show that the D* should be derated 6y

( -
t r  !  r -
f o o - z
l-=- + -- l-og -=-

[ k  
- 2 ' r  * 1



For the infrared imager,

T- 0

f- 1 ,

f t

f- 2

= l-00 Hz r

=  3 0 0  H z r

_  
J  L l . ,

=  2 6 5  H Z ,

The second correction allows for the reduction of the aperture to

the detector  by a cold stop,  whose purpose is  to reduce the background

thermal  f lux which reaches the.detector .  For a point  detector  and

opt ics wi th f inal  focal  rat io f ' ,  the f ie ld of  v iew thgoret ical ly  cculd

be l i rn i ted to a cone wi th hal f  angle of  l , /s in(o '5/ f " )  '  r t  wi l l  be

assumed that  the system focal  rat io can be reduced to f /1.5,  in which

case t -he cone ha] f  angle is  approximately 20o,  and the detector  s ize is

50  1 rm .

The calcuLation of the throughput for the imagter is summarised in

Table l-9. A nominal value of 3Ot has been assuFed for the throughput

in the sensi t iv i ty  calculat ions.  The perfonr,ance predicted for  the

infrared imager ls  summarised in Table 20-

TABLE 19. Throughput of the infrared imager.

Channel  (pm) 2 . . 2 0 ? q n 1 0 . 7 0  7 2 . O O

Scan mirror

obscurat ion

Telescope

Relay opt ics

Dichroics ( t rans)

Dichroics ( ref f )

Refocus lens

Housing window

Radiator window

Fi l - ter  bandpass

Aplanat

o . 9 7

0 . 9 4

0 . g 7 2

o . g 5 2

o . 8 7

0 . 9 7

n  q q

o . 7 7
n  q 4

n q 7

o . 9 4
)

o .9 ' 1 -

0 .  95 -

r . . 00
)

o .97 -
n  o (

0 .  8 5

o . 7 7

0 . 9 5

n  o 7

o . 9 4
)

o . 9 ' 7 -
t

0 . 9 5 -

0 . 8 7 -

1 . 0 0

n  o q

n  a q

n q q

o . 7 7
n  o q

o . 9 ' 7  0 . 9 7

0 . 9 4  0 . 9 4
1 ,

0 . 9 7 '  O . 9 ' 7 '

o . g 5 2  o . g s 2

0 . 8 7  0 . 8 7 2

o . g 7 2  0 . 9 7

n  o <  n  o q

0 . 8 5  0 . 8 5

0 . 8 5  0 . 8 5

o . 7 7  0 . 7 7

0 . 9 5  0 . 9 5

n  ? ? n 1 ? r\ tq n  2 a o . 2 9
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TABIE 20. fnfrared imager performance.

Units
Channel

5

\."
lmi'

A I

A1)

A f

T ^
'J-/sln 20"

o

2 . 3 5

t n 4

0 . 3 0

6 1 9 . 8 0

2 8 0 . 0 0

0 .  3 0

2 . 9 2 4

L .  0 0 0

4 . 0 2 5

3 . 7 7 5

o . 2 5

1"64.40

2 8 0 .  0 0

0 .  3 0

2 . 9 2 4

1 .  0 0 0

7 . 0 0

6 . 5 0

0 .  5 0

1 0 9 . 7 0

2 8 0 . 0 0

0 . 3 0

2 . 9 2 4

' l o
2 .6x7O--

1 n
b.  bx l_u

230

7L.20

1 0 . 2 0

1 .  0 0

4 7 . 3 4

2 8 0 . 0 0

0 . 3 0

2 . 9 2 4

L . 1 5 5

].2.50

1 1 _ . 5 0

L .  0 0

69.44

280.  00

0 .  3 0

2 . 9 2 4

t rlll

ilm

ilm

cm

Hz

D*

D *

(spec) cmHz'w 
*

t  - r
cntlz w

5.oxto1o 4.4xtorr

1 .5x1011  1 .3x i -012

3 .  g x 1 o 1 o  t . 2 x t o 1 o

g.  ox1o1o : .  ox to lo

f ,U

3 0 0

o . o 2 2  0 . 0 8 6

S ize

Temp

e B  / A r  w m  
- s r  - ( c m  - )  -  

K  
-

aB /aT Au l i tn 
-sr * 

K 
*

3 .755x10-5  r .474xLo-4
- 3  - 3

1 . 6 8 0 x 1 0  
-  

1 . 7 5 1 x 1 0

6.1z2x l -0 -3  L .6 r ix ro -2  L .467xLo-7  1 .216x10-1

5 0

300

50

300

50ilm

K

NEAT

F

F A v

NEAp

K  0 . 0 3 9  0 . 2 9 5

!\ lm 
-(cm -) - 

3.824x'J,O 
-

tirm 2.37ox l -o+1

0 . 0 2 8 r
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APPENDIX 4.  Grat ing spectrometer design.

A grating spectrometer intended to span the wavelength range of the

sounder (3.6 yn -  L5 pm) requires three grat ings in order to achierze
reasonable ef f ic iency and to prevent over lapping of  orders.  con-

sequent ly,  in the design shown in Figure 11,  the v is ib le channel  and

the short, medium and long wavelength components are separated with

dichroic beam spl i t ters pr ior  to spectra l  analysis.

The angular  s ize of  the detector  at  the last  lens of  the

spectrometer is

where d and d are the diameters of the tel-escope and sPectrometer
optics,oand whSre AO is the angular size of the f ield of view. Thus'
the dispersion required of the grating is

A9
al.

i f  the detector  is  intended to span Al .  From the dispersion can be

ca1culated the s ize and l ine spacing of  the grat ing,  and f inal ly  the

blaze angle can be selected to optimise the throughput over the

sravelength range. Such calculat ions led to the grat ings suggested in

Table 21.  The l inear d ispers ion quoted in the last  col-umn of  Table 21

assumes a focal  length of  45mrn for  the refocusing 1ens.

The f inal  focal  rat io shown in Figure 11 is  f /3.  Hovrever,  the

aberrat ions of  that  design are so smat l -  that  i t  has been assumed

throughout the sensitivity analysis that the focal ratio can be reiluced

t o  f / 1 . 5 .

TABIE 21-.  crat ing speci f icat io lg.

A A  A A
' q

-o  
A6

d A I

\nir, \n"* Lt.r"

un un !m

A -  L ine
Draze

gap

Lm

ef f  A0 lAr

-t-
lln

Ax/ L).

mm um

I

40

5 0

1 3 . 6 0  5 . 0 0  4 . 0 0

b .  b u  6 .  r b  / .  5 u

9. "11  ] -4 .71-  12 .2s

L 4 . 5 0

q  A o

?  n o

>75*  O. r29

> 7 5 8  0 . 0 2 5

t r  a l  n

1- .  130

> ? 5 r  0 . 0 2 0  0 . 9 0 9
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The sounder throughput is calculated in Table 22.
used in the sensit ivi ty calculat ions is 30t for short,
wavelengths.

T}.E.LE' 22. Sounder throughput.

Shortwave Mediumwave Lonqwave

Tbe throughput
medium and long

Scan mirror

Obscuration

Telescope

FoId mirrors

Dichroics (tran)

Dichroics (ref l)

Lens system

Housing window

Radiator window

n q 7

o . 9 4
^  ^ - 2

4
n  o 7 -

1 . 0 0

o . g 7 2

n  ? q

^  ^ - 2

o . 9 7

o . 9 4

o . s 7 2
4

o . 9 7  
-

0 .  8 7

0 . g 7 2

n ? q

o . g 5 2

0 .  8 5

0 . 8 5

o . 9 7

o . 9 4

o . g 7 2

o .97 -

0 . 8 7 -
n  o ?

o . 7 5
^  ^ - 2

0 . 8 5

0 . 8 5

n ? 1 o . 2 7
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APPENDIX 5 Grating spectrometer sensit ivi ty analysis.

The calculat ion of the signal to noise rat io and noise equivalent
differential radiances for the sounder is similar to the calculation for
the infrared imager. The principal dif ferences are as folIows.

(1) The noise bandwidth is Af = 35 Hz, with

' t u . 5  r t z ,

The specification frequency f^ and knee frequency f,- have the
p rev iousva lues ,  

u  -  -  K

1 -

K

1-OO Hz,

J U U  T I Z .

Thus, the derating factor for the detector D* is

=  3 . 0 6 3 .

(2)  The focal  rat io of  the refocusing opt ics Ls f /1.5,  so the f ie ld of

view for a point detector could be limited with a cold stop to a

cone wi th haI f ,  angle 20o.  In pract ice,  the cone angle would need to

be larger,  typical ly  25o,  because the detectors are extended arrays.

Thus, the detector D* (quoted for 90o by the manufacturer) can be

irnproved by a factor of

I / s i n  25 "  =  2 .366  .

Figure 19 shows a scale diagram of the final optical stage and indicates

the arrangement of the cold ports.

Figure 19: Optical ports into the cooler patch.
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The results of these calculat ions are summarised in Table 23. I t
is assumed that a focal plane array has been fabricated so that the
detector elements correspond to the standard HIRS channels, as shown in
Figure 12.

TABLE 23. Detectivi t ies for the sounder.

Shortwave Mediumwave Lonqwave

o  1 . 0 0 0  3 . 0 6 3  3 . 0 6 3

! /s in  25o 2 .366 2 .366 2 .366

D *  ( s p e c )  4 . t x 1 0 1 1  z . e x 1 o 1 0  t . : x L o l o

D*  (ne t )  g . l x to l l  z .ox to1O 1 .0x1010

The angular size of the detector at the last lens of the spectro-
meter is

d
o

A 0 = d A e ,

so i ts physical size is

A a  =  f A 0  ,

where f is the focal length of the refocusing optics. This reduces to

+
A a  =  f , . d ^ A 0  ,

x

where f  is  the f inal  focal  rat io,  because the diameters of  the
collimating and refocusing optics are equal. The height of each
detector pixel is determined by the angular spread of the field of view,

Aha = ftr do Aoror, ,

whereas the width is determined by the dispersion of the grating,
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The spectrometer is assumed to have a final optical speed of f/1--5, so

the height of each pixel in the detector array is 200 micrometres. The

widths corresponding to the different spectraL channels and the noise

equivalent  d i f ferent ia l  radiances are l is ted in Table 24.

TABIE 24. Sounder performance.

/oa

t rITt

A A

I rIIlr rlll

AU

-l_

a"d

r rlll

NE4N* NEAT Scene
temp

1

5

4

5

6

7

I

9

t_0

1-1

1 ' )

I 5

t4

1,5

1,6

L 7

18

680 r-0

690 t2

,/ u5 J-b

7t6 76

733 L6

749 16

o n n  ? <

1030 25

1,225 60

1355 40

1488 80

21.90 23

2210 23

2240 23

2 2 7 0  2 3

z 3 0 v  z 5

2515 35

2650 1-00

!4 .71 ,  O.216 t96

L 4 . 4 9  0 . 2 5 2  2 2 9

t4 .22  0 .324 295

13.97  0 .312 284

1 , 3 . 6 4  0 . 2 9 8  2 7 1

1"3 . 35 0. 285 259

1-L . t_1 0 .432 393

9 . 7 7  0 . 2 3 6  2 L 5

8 . 1 6  0 . 4 0 0  4 5 2

? . 3 3  0 . 2 1 5  2 4 3

6 . 7 2  0 . 3 6 L  4 0 8

4 . 5 7  0 . 0 4 8  2 7 9

4 . 5 2  0 . O 4 7  2 7 3

4 . 4 6  0 . 0 4 6  2 6 7

4.41-  0 .045 267

4 . 2 4  0 . 0 4 1 -  2 3 8

3 . 9 8  0 . 0 5 5  3 2 0

3 . 7 6  0 . 1 4 1  8 1 9

L98 0 .275

214 0.248

243 0 .21-L

238 0 .20L

2 3 3  0 . 2 0 2

2 2 8  0 . 1 9 8

280 0 .056

2 0 7  0 . 0 5 8

3 0 1  0 . 0 3 5

0.201 265

0 . 2 2 3  2 4 0

o . 1 7 4  2 5 0

o.147 265

0.1  32  280

0.727 290

o . 0 2 6  3 3 0

0 . 0 5 3  2 7 0

0.033 290

227 0 .038 0 .061 2 '75

2 8 6  0 . 0 2 5  0 . 0 7 6  2 6 0

2 3 6  0 . 0 0 1 5  0 . 0 1 2  3 0 0

234 0 .  0015 0 .  01 ,8  290

231 0 .0014 0 .025 280

2 2 9  0 . 0 0 1 4  0 . 0 5 9  2 6 0

218 0 .0014 0 .038 280

2 5 3  0 . 0 0 1 0  0 . 0 0 7  3 4 0

405 0 .0006 0 .006 340

* Note that the units for NEAN are *w.-2"t-1(.*-1)-1



The purpose of  th is appendix is  to invest igate the ef fects of  'hot

spotsr  in HgCdTe detectors.  The speci f ic  detect iv i ty  of  the hot  spots
is assumed to be enhanced f rom D* to D* (1 + d)  ,  and the f ract ion of  the
total area Ao occupied by hot spots j-s assumed to be x. The worst case
to be consid6red occurs when hot spots on the ground, where the
temperature is T + AT, are imaged onto the hot spots of the detector.
The calculat ions f ind the vaLue of  d which leads to a d i f ference of  one
between the signal to noise ratios of detectors with and without hot
spots.  When th is is  the case,  the detector  hot  spots produce ef fects
larger than the noise and hence degrade the system performance.

whereas for the non-uniform detector

APPENDIX 6.

SNR

However, it is reasonable
proportional to the areas,

SNRt l _x  =  D*  ( 1  -  x )  Pd  s )  /  l . ( 1  -  x )  Ad  A f l ' t

= (1 + d) D* 1 Pd(r+Ar) /  lx xU At1\

Let SNR1 __ and SNR-- denote the contributions to the signal to noise
ratio from tfr5 parts 5f tn. scene with temperatures of T and T + AT,
respectively. For the uniform detector,

SNRI- *  =  D*  (1  -  x )  PU(r )  /  l , (7  -  x )  aU Af  JL  ,

D*  x  PU(T+AT)  /  l x  Ad Af lL  ,

SNR I

Here Pr denotes the power incident upon the iletector, and is given by

o
=  B  ( T ) A v  A  T  O

v o o

The combined signal to noise ratio is

s N R  =  ( s -  + s ) , / ( N -  ' * " 2 ) t
r -x x r -x x

to assume that the noise contributions are
so

(1-x) / x .N .  / N
J_-X X



Thus,

?  2 . \
sNR = t(1-x) SNRI_* + x SNR*I /  lx- + (1-x) I

since sNR. is the same for both the uniform and non-uniform detectors'
-L-t(

at roJ_l_ows Enac

sNR,  -  sNR =  q *3 /2  d  /  l x2  +  ( 1 - x ) ' l l )  o *  pd ( r+A r )  / /  tAd  A f l L

Thus,  the vafue of  d which leads to a d i f ference of  one in the s ignal  to

noise rat ios is

d  =  u *2  +  1 r - x )2J \  ,  *3 /2 ) , /  ( o *  ru { r+Ar )  , /  tAd  A f l } )

For i l lustrat ion,  consider channel  1 of  the sounder.

v = 690 
"rn-1

Av  =  L2  . * - 1

T = 2 4 O K

A f = 3 5 H 2

o d = 2 5 o W

D* = 1x1o1o w-1 
". 

gtt

r  =  0 . 3-o

AO = 224 prad

Then

2 r e . 4 d  =  l * 2  + ( 1 - x ) 2 1 ' / x 3 / 2

This curve is  p lot ted in Figure 20.  I t  is  c lear that  only gross non-

uni formit ies can cause a problem i f  x  is  less than 1t .  conversely,  i f

cl = 5t is the best uniformity available, theh the area of such hot spots

should not  exceed 18*.
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APPENDIX 7. RaCiant cooler design.

The radiant cooler consists of t-hree stages:

(1) the rpatch' at temperature T^ = 100- K, which al lows a 5 K margin
so that the patch can be re{ulated to an operating ternperature of
105 K;

(2) a 'radiatorr at temPeratur:e T, = 150 K;

(3) a sun shield at temperature Ts = 240 K.

The temperat-ur-e of the instrunent housing (Tn) is assutr,ed to be 29O K-

The thermal- balance equation for the cooler is

P  =  F _  +  F -  +  F  +  F  +  F  +  F  ,p d K c a s o

where the subscripts have the following neanings:

p : patch

detectof, dissipation

conductance (mechanical  and electr ical  connect ions)

cavity raCiation between the patch and radiator

non-specular  scat ter ing by the sun shie ld

sun shiel-d

o ! optical ports

rn discussing each of  these terms the emissiv i ty  of  the black radiat ing

side of surface x will be denoted by €-r^r rr'hereas the emissivity of the

shiny (go1d platecl) reflecting surface fiIll be denoted by exs. The view

factor of surface x from surface y is denoted bY f*r.

(1)  Fn is  the f lux radiated by the,  patch,

F  =  e ,  A  o T 4
p  p D p  p

where o is the Stefan-Boltzmann constant.

(2)  Fo is  the power d iss ipat ion of  the infrared detector  arrays,

dEtai led in the power budget calculat ions.

(3)  F,-  is  the conduct ive heat  load into the patch.  I t  consists of  two

t8rms. The first, FL1 ' represents conduction along the electrical

leads to the detector'di heaters and sensors on the patch, and the

second, F,-_,  represents conduct icn through the mechanical  supports

for the pAEch.

In calculating Fkl_, the leads have been reckoned as shown in

Tab le  25 .



TABLE 25.

Instrument Component tota l

Sounder

sounder

sounder

Imager

Imager

fmager

PC detectors

PV detectors

PV arrays

PC detectors

PV detectors

PV arrays

5 Z

4 0

2

64

48

J

J Z

4 A

3

2 leads, /detector  64

I  l ead  / do taa fa r  40

1  l ead  / a r rav  2

Window heater

Patch thermostat heater

Patch thermostat sensor

Outgas heater

1

1

1

1

2 leads,/detector

1 lead , /detector

l- lead /array

2 leads

2 leads

2 leads

2 leads

2

I

z z J

The leads were assumed to be ribbon cable
support post. The material was assumed to be

wrapped around a 150
Ni with

thermal conductivity

diameter

length

L, -1

*I

1

=  1 2 6

=  3 1 5

f t n -  K -

Um

mm

radiator through the

Then

F . -  =  n k - A - 1 - - ( T - T )
K r t - r r t p

=  8 .633x10 -u  ( ,  - ,  )r p

The heat conducted to the patch from the
supports is estimated to be

F .  =  k  A  1 - 1  ( r - r )
K s s p s r p



f , f

where

nnc+ nnnr l r rn+ i r r i+ r r

nnsl- I enoth

The value of k assumes fibre

used on the a$gnn instrument,
because the larger the patch
required.

- a  - 1  - 1
5 . 3 x 1 0  

-  
W m -  K -

L50 mm

epoxy hoLlolv tubes (synthane G-10),such as
and is scaled according to the patch area

the greater will be the number of supports

k =

1 -

( 4 \

( 5 )

(6 )

E^ represents the f lux radiated to the gold pLated underside of  the
pEtch fy the gold plated topside of the radiator.

F.  =  3 .533x10-3  a  (T  -T  )K s p r p

I '

F_ represents the fLux due to non-specular reflection from the sun
sfi ield. The precise value of F- is dif f icuft to obtain, because
it depends on both the material 5nd geometry of the sun shield, so
a value of 30 mW has been assumed.

F denotes the sun shield to patch radiant emission.
s

"" 
= 8"" tpb fp" op o t"

F is the thermal flux transmitted through the optical ports in the
h8using and radiator into the patch. Fo consists of two terms,

- E L

on

The first term is the flux from the housing window onto the patch.

( 7 )

F

Foh = rr ehb ,pb fph en o Tn4 1(Tn,) ' ' , trr)

where ( l^ ,Lr)  is  the bandpass of  the port  and 11 is  the band-pass factor

for radiXti6n at temperature Th,

n  ( T , l o l 1 ) d ) , / o r -

The second term is the fl-ux radiated from the radiator window to the
patch plus half the radj-ation within the cavity between the radiator and
patch,

= - l r R i / , l lr t
J r  A

, .0



3 Z

The v iew factor  for  d iscs of  radi i  r ,  and 12,  separated by a

d i s t ance  h ,  i s

F = € e f-or rb pb -pr

+ L e
r_b

4
O T - I I ( T

t '

( 1 - f  )  A  o T  
-

lo '  t r r)

, 2
R =- '2 

h

are l is ted

!+R22  t 1

x  =  , * - - ?  ,  P ' 1  =  
i l  ,

P- ' 1

There are I  ports into the patch whose radi i

The values used for the various parameters are:

T = 1 0 0 K
r

r = 1 5 0 K
t

T = ) 9 O K
n

r = 2 4 O K

e _  =  0 . 9 7 0  e  =
pb ps

e -  =  0 . 9 0 0  e  =
r h  f S

€ .  .  =  0 . 9 0 0
ttD

e =
s s

r  =  0 . 9 5
t

r  =  u . o v
ps

TABLE 26. Optical ports into -the. p_atch.

i n  Tab le  26 .

0 . 0 3 1

n  n ? <

0 . 0 1 1

Instrument Channel Patch Dort radius Anqular field of view

Sounder shortwave

mediumwave

longwave

5 channels

2.7 rtlr,rt

l - .0  mm

2 . 5  n m

0 . 5  m m

25"

25"

25"

Imager


