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E.6
SCIENCE IMPLEMENTATION
E.6.1 INSTRUMENTATION
IRIS achieves the science requirements outlined in §D.1 and Table FO1-1 with a 20-cm UV
telescope feeding a stigmatic UV spectrograph
and a slit-jaw imager that provide an unprecedented combination of 1/3 arcsec imaging with
rapid high-resolution spectroscopy. Simultaneous
intensity and velocity maps (spectroheliograms) in
multiple UV emission lines covering a range of
chromospheric, transition region, and coronal
temperatures are acquired at a cadence that is
comparable to pure imaging instruments. The UV
slit-jaw imager provides high resolution, high cadence imaging in selected spectral bands. The instrument package builds extensively on heritage
technology: TRACE, GOES-SXI, SECCHIEUVI, Hinode-FPP, SDO-HMI/AIA. Figures E-5
and FO3-1 show the instrument block diagram
and a 3D view, respectively.
E.6.1.1 UV Telescope
Optical Design. The AIA-heritage UV telescope
(Table FO3-1) is a 20-cm aperture classical Cassegrain with an effective focal length of 6.9 m and
a secondary mirror magnification of 4.9. Both the
spectrograph and the slit-jaw imager magnify the
image by another factor of 2.33 for the required
0.167 arcsec/pixel image scale. The telescope is
diffraction limited over its 170!170 arcsec FOV
at the 2800 Å wavelength. It has a front door to
protect it from contamination on the ground as
well as during early on-orbit operations, a focus
mechanism, and a tip-tilt secondary mirror that
provides image motion compensation and scans
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Fig. E-6 The IRIS telescope structure is nearly
identical to the SDO AIA telescope structure.
the solar image across the spectrograph slit. The
IRIS telescope uses the optomechanical design of
the AIA telescopes (Fig. E-6). The IRIS telescope
uses the same primary mirror size and mount design, the same tube design (except for a slight
change in length), the same spider, tip/tilt secondary mirror, and focus mechanism assembly, and
the same door. Thus, many parts can be reused
with either no or only minor modifications. The
principal differences are a reduced secondary mirror size and the removal of the AIA aperture selector mechanism, entrance filter assembly, and
baffling system. Scattered light and cosmic ray
baffling is done within the spectrograph and slitjaw imager assembly. The IRIS primary mirror is
not light weighted as a part of the heat rejection
approach described below and to obtain the figure
tolerance of the primary mirror required by the
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Fig. E-5 The IRIS instrument block diagram. IRIS relies on reuse of electronics and mechanisms
designs from the SDO AIA & HMI instruments. The flight SDO HMI Electronics Box (HEB) is shown.
No changes from AO proposal made to§E.6 except to Fig. FO3 (foldout)
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higher spatial resolution of IRIS. The AIA primary mirror mount design has sufficient margin to
accommodate the slightly larger mass of the solid
mirror substrate.
Heat and Visible-Light Rejection. The IRIS UV
telescope employs a simple but effective heat rejection approach that takes advantage of the relatively narrow observed UV passbands. The front
surface of the primary mirror is coated with a dielectric multilayer coating (Fig. E-7), which reflects most of the radiation in the far-UV band
(1332-1406 Å), and 12% of the radiation in the
near-UV band (2775-2825 Å), while passing 94%
of the visible and IR radiation through the primary
mirror’s transparent ULE substrate to a heat sink
behind the primary. The heat sink is conductively
coupled to a radiator on the side of the telescope.
Very little of the visible and IR load is absorbed
by the mirror. The small amount of light reflected
off the back surface of the mirror is sent back towards the entrance aperture in a slightly diverging
beam. This heat rejection approach, combined
with a very moderate secondary mirror magnifica-
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Fig. E-7 UV telescope mirror coating.
Reflective in both UV bands, transparent offband. Actual measurements of a test sample.
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Table E-2 UV Telescope Solar Heat Loads.
Total incident on primary mirror
Absorbed in primary
Heat sink behind primary
Total incident on secondary mirror
Absorbed in secondary
Heat sink behind secondary
Field stop (in front of spectrograph)
Incident on spectrograph slit jaws

36 W
<3W
31 W
2.2 W
< 0.2 W
1.9 W
140 mW
2 mW

tion (4.9) leads to a visible/IR load on the secondary mirror of only 1.5 solar constants, less than
the SOUP experiment handled successfully on
Spacelab 2. Table E-2 summarizes the heat loads.
The secondary mirror utilizes the same UV
coating to reflect the desired UV wavelengths,
while the visible and IR are transmitted to a heat
sink behind the secondary mirror. The absorbed
1.9 W of heat are conducted to the telescope
structure via the spider, and radiated to space.
We have modeled the thermal design (see
§F.3.8) and find that the temperature of the primary mirror varies by only ±1.4ºC over a worstcase solstice orbit, even without active thermal
control. This is not a concern since the telescope
mirrors are fabricated from ultra-low expansion
ULE glass. We will verify the thermal model with
a structural/optical test model early in the
program.
The dielectric mirror coating for the telescope
was developed by Acton Research Corporation.
The reflectivity measurements shown in Fig. E-7
were taken slightly off normal. At near-normal
incidence as in the IRIS telescope, the reflectivity
peaks are centered on the spectral bands observed
by IRIS. The coating reflects little of the UV below 1250 Å and on average about 8% between
1400 and 3200 Å, resulting in a polymerizationrelevant UV load on the secondary mirror of only
about 1.9 times the solar UV flux. This is comparable to the UV load on classical Gregorian telescope designs that have a prime focus field stop.
This UV flux is manageable with a rigorous contamination control program similar to that used on
TRACE. The primary mirror focus lies outside the
entrance aperture of the telescope, eliminating the
risk of exposing the telescope structure to a highly
focused beam if the spacecraft were to point off the
solar disk.
Telescope Performance. Two reflections off the
dielectric coating per Fig. E-7 result in the telescope efficiencies shown in the top row of
Table E-3 and a telescope effective area of 86 cm2
at 1335 and 1400 Å, and 3.6 cm2 at 2800 Å. An
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Table FO3-3 Slit-Jaw Imager (SJI) Properties
Properties
Optics
Reflective slit jaws, spherical relay
mirrors. Separate optical paths for
FUV / NUV selected via mirror/filter
in Filter Wheel
Effective area 0.7 cm2 @ 1400 Å,
0.005 cm2 @ 2800 Å
Magnification 2.33
Field of view
170 x 170 arcsec
1/ arcsec (1/ arcsec/pixel)
Spatial resol.
3
6
Mirror coatings Single UV band, dielectric
Filters in Filter Mirrors for 1332-1370 & 1370Wheel
1406Å (FUV) Transmission filters
for 2796 & 2831 Å (NUV)
Mechanisms
Shutter, Filterwheel
Detector
CCD, back illum, 1024x2048 pix
vis/IR transm. < 2x10-11
Length
0.7 m

Z
Y

AIA front
door
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Table FO3-2 Spectrograph (SG) Properties
Properties
Optics
Dual range Czerny-Turner w/single slit,
predisperser & spherical mirrors
Effective area
2.8 cm2 @1400 Å, 0.3 cm2 @2800 Å
Focal length
Fcamera = 1.257 m
Magnification
Fcamera/Fcollimator = 2.33
Spatial resolution 1/3 arcsec (1/6 arcsec/pixel)
Spectral ranges
1332-1358 Å & 1390-1406 Å (FUV), 27852835 Å (NUV)
Spectral dispersion 12.5 mÅ/pix (FUV), 25 mÅ/pix (NUV)
Spectral resolution 40 mÅ (FUV) 80 mÅ (NUV)
Slit size
170 arcsec x 1/3 arcsec
Predisperser
MgF2 prism at slit
Gratings
3600 l/mm, 2nd order (FUV), 1st order (NUV),
holographic, ion beam etched
Mirror coatings
Collimator & grating: Al+MgF2
Others: single UV band, dielectric
Detectors
3 CCDs, back illum., 1024x2048, 13"m pixels
Vis/IR transmission < 2x10-11 (incl. telescope)
Length
0.7 m

4X CCD

2X CEB
Radiator

Fig. FO3-1 Overall view of the IRIS instrument

NASA Contract Number: NNG08FD61C
Interface Region Imaging Spectrograph (IRIS) Concept Study Report (CSR)

FUV
Reimaging Mirror

Baffling is not shown

X
Y

Z

IRIS_CSR_E6_Science_Implementation.doc

Fig. FO3-2. Schematic diagram of UV spectrograph and slit-jaw imager.
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Table FO3-4 Instrument Mass Properties
Mass (kg)
CBE Contingency W/ Cont.
IEB
13
16%
15
Harness
5.8
45%
8.4
ST
14.2
16%
16.6
GT
3
13%
3.3
MLI & Heaters 3.9
23%
4.8
Mounts
2.7
22%
3.3
Other
2
20%
2.4
Spectrograph
SG Optics
4
16%
4.6
Detector assy 8
16%
9.3
SG structure
8.5
30%
10.2
CEBs(2)
7.6
4%*
7.9
Gegenschein
2.9
38%
4.0
Total
76
19%
90
Table FO3-5 Instrument Power
†
Power(W)
CBE Contingency W/ Cont.
IEB
29.1
10%*
32
CEBs (2)
28.4
10%*
31.2
Op Htrs- ST
13
20%
15.6
Op Htrs- GT
5
25%
6.3
Op Htrs- SG
4
25%
5
Spectrograph
1.8
23%
2.2
Gegenschein
3.3
21%
4
Total
85
14%
96
FPP Wedge Wheel w/ 2 ea.
reflecting & transmitting filters,
and 2 calibration elements

NUV
Reimaging Mirror

*Contingencies are low for these items, because the SDO
CEB flight spares are being used, and IEB power is
calculated from measurements of identical HEB boards.

Table FO3-1 Telescope Properties
Properties
Optics
Classical Cassegrain
Aperture
20 cm dia., 240 cm2 geom. Area
Focal length
6.895 m
Magnification
4.9
Field of view
170 ! 170 arcsec
Pointing range w/in 20 arcmin of Sun center
Secondary mirror #60 arcsec scan range;
tip-tilt range
#5 arcsec jitter control
Slit orientation Any S/C roll angle
Spatial resolution 1/3 arcsec across FOV
Spectral range 1332-1406Å & 2785-2835Å
Mirror coatings Dual UV band dielectric
multilayer, vis/IR transmissive
Mechanisms
Focus; tip-tilt secondary mirror;
door (one-time open)
Vis/IR transm. < 3x10-3
Telescope length 1.4 m

SJI Shutter [FPP]
NUV Solc Filter
FUV Bandpass Filter

AIA PZT
preamp

2 each
AIA
Ascent
Vents

Wedge motors
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Table E-3 Instrument efficiency on-band and The predisperser is located at the slit and does not
off-band (i.e., FUV 1st order and vis/IR rejection). affect the image resolution of the spectrograph.
The collimator mirror subsequently sends the
On-band
Off-band
FUV
NUV
FUV
FUV
NUV two spectral bands to separate gratings, camera
1335 Å 2800 Å Vis/IR 2800 Å Vis/IR mirrors, and detectors. Up to the camera mirrors,
Telescope
0.36 0.015 3x10-3 0.015 3x10-3 all optical elements and the optical axis are in a
single plane. The fold mirrors and detectors, howSpectrograph (SG)
ever, are out of plane: the NUV fold mirror and
- Predisperser 0.7
0.9
< 0.1 < 0.01
0.9
- Grating
0.5
0.6 < 5x10-7 0.6 < 5x10-7 detector are above the main plane in Fig. FO3-2;
- Mirrors (total)
0.4
0.8
3x10-3 5x10-3 3x10-3 and the FUV fold mirror and detectors are below.
- CCD QE
0.23
0.2
0.6
0.2
0.6
This arrangement minimizes aberrations in the
- Total Tel+SG 0.012 0.0013 <3x10-13 < 10-7 <3x10-12 camera optics, and in conjunction with the fold
Slit-Jaw Imager (SJI)
mirrors, provides a compact design with all CCD
- Mirrors (total) 0.25
0.8
< 10-5 < 10-4 < 2x10-4 detectors in the same plane and near each other.
- Filter
0.15
0.06
< 10-4 < 10-3 < 10-4
The FUV camera and fold mirrors are coated
- Lyot element
0.12
0.4
with a narrow band dielectric UV reflective coat- CCD QE
0.23
0.2
0.6
0.2
0.6
ing, which we developed with Acton Research
- Total Tel+SJI 0.003 2x10-5 <2x10-12 < 10-9 <2x10-11 Corporation for a NASA SR&T grant66
optical error budget based on our AIA experience
(Fig. E-8). This coating is optimized only for the
and discussions with optics suppliers gives confi- FUV band, does not have the secondary peak of
dence for a IRIS telescope resolution near the dif- the telescope coating at 2800 Å, and is tailored for
fraction limit of ! arcsec at 2800 Å.
the angle of incidence at each mirror. This design
E.6.1.2 UV Spectrograph
allows over 75% reflectivity across the 1332The optical layout of the spectrograph and the 1406 Å spectral range.
slit-jaw imager are shown in Fig. FO3-2. The UV
Combined with the near-UV attenuation of the
spectrograph is a Czerny-Turner design with a
telescope and predisperser, the FUV coating on
pre-disperser at the slit, and separate optical paths the camera and fold mirrors suppresses the residthereafter for the 2775-2825 Å near-UV band, and ual 2800 Å radiation in the FUV band by more
the 1332-1406 Å far-UV band, respectively. Due
than five orders of magnitude, allowing the FUV
to the slow f-ratio of the system, the collimator grating to operate in second order with no signifiand camera mirrors are all spherical, thus avoid- cant spectral contamination from the first order.
ing the complexity of aspherical off-axis optics.
Similarly, the camera and fold mirrors for the
The compact spectrograph is mounted behind the
NUV band are coated with a standard dielectric
Cassegrain telescope (Fig. FO3-1) and fits into the 2800 Å laser mirror coating for efficiency and to
center of the spacecraft (see Fig. FO4-2).
reduce the visible light component. The NUV
Optical Design. Light from the telescope first en- grating is operated in first order. Both UV bands
counters the slit/predisperser, essentially a small employ a flat, 3600 lines/mm holographically
MgF2 prism with vapor-deposited aluminum slit recorded, ion etched, blazed grating made by
jaws on the first surface (c.f. Fig. FO3-2). The lat100
ter form the 170×! arcsec spectrograph entrance
slit for both wavelength ranges. The MgF2 prism
80
is strongly dispersive between 2800 and 1400 Å,
directing the near-UV light (2775-2825 Å, orange
60
rays in Fig. FO3-2) and far-UV light (13321406 Å, blue rays) onto separate halves of the col40
limator mirror which has an UV-enhanced Al
coating. Besides physically separating the two UV
20
bands, the predisperser also directs 90-95% of the
incoming visible and infrared radiation into the
0
near-UV band, thus effectively reducing the unde1200
1300
1400
1500
1600
sired long wavelength contribution in the far-UV
Wavelength
(Å)
P80133_033
band. The residual long wavelength component in
the far-UV band is due to diffraction at the slit.
Fig. E-8 Measured reflectivity (%) of mirror
coating for FUV spectrograph.
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Zeiss. The camera mirrors for both bands have
identical focal lengths and direct the beams via
fold mirrors to the detector assemblies. Two
CCDs, mounted in a single carrier, cover the
1332-1358 Å and 1380-1406 Å FUV regions,
while a single CCD covers the 2775-2825 Å NUV
region.
The requirements for our UV optics are less
stringent than those for EUV lithography, and can
be manufactured by several suppliers (e.g.,
SVG/Tinsley, Zeiss). The optics and detector
subsystems are housed in a highly-baffled and
thermally stable graphite-epoxy facesheet on
aluminum honeycomb structure. A near-UV LED
stimulus lamp illuminates the spectrograph CCDs
for in-flight flat fielding.
Spectrograph Performance. The efficiency of
the spectrograph and its elements is summarized
in Table E-3. Combined with the telescope geometric aperture of 240 cm2, the overall spectrograph effective area over the 1332-1406 Å range
is 2.8 cm2, or about 20-30 times larger than
SOHO/SUMER over the same range. Since the
Mg II lines are much brighter than the FUV lines,
the spectrograph effective area at 2800 Å is designed to be about an order of magnitude smaller
(0.3 cm2). Count rates for selected lines are shown
in Table FO2-1. Ray trace analysis (Fig. E-9)
shows that the geometric spot size is generally
smaller than one pixel in both the spectral and
spatial dimensions. The spectrograph spatial resolution is essentially pixel and slit width limited,
and matches the telescope diffraction limit at
2800 Å. The effective on-axis spectral resolution
of the telescope/spectrograph system is 40 mÅ in
the far-UV band, and 80 mÅ in the near-UV band,
sampled by spectral pixel sizes of 12.5 and 25
mÅ, respectively. The spectrograph layout, baffling, and zero-order light traps minimize stray
light, and in particular prevent cross-talk from the
near-UV into the far-UV path, and scatter from the
collimator and gratings directly to the detectors.
Fig. E-10 shows the preliminary spectrograph and
slit-jaw imager design with a subset of the baffling
for illustration purposes. The detailed baffle layout,
and stray light optimization will be established in
Phase A. The spectrograph is equipped with separate shutters for the near- and far-UV bands to optimize the exposure on each CCD. Fast shutters
allow a high repetition rate, and combined with the
partial readout capability of the camera enable a
spectrograph cadence of up to 2 frames/s for small
(<5 Å) spectral windows and short exposures.

Box = 26 µm = 2 pixel

P80133_047

Fig. E-9 Telescope/Spectrograph system ray
trace results. Results for the two slit-jaw imager
bands are shown with green/blue symbols.
On-orbit thermal modeling (see §F.3.8) indicates that the spectrograph temperature is
maintained to ±1.1ºC throughout the orbit using a
14-W heater.
Off-band Rejection. Off-band stray-light rejection is achieved by a combination of narrow-band
mirror coatings, the rejection of the grating, and,
in the FUV, the rejection of the predisperser
prism. Table E-3 summarizes the off-band rejection of the various components. Overall, we
achieve an off-band visible light/IR transmission
of less than 10-11, which reduces the visible light
signal to negligible levels at the detector. The table also shows that the FUV optics attenuate the
first spectral order of the grating (i.e., 26642812 Å) by more than five orders of magnitude to
a level that has no impact on the FUV
observations.
E.6.1.3 UV Slit-jaw Imager
Optical Design. The slit-jaw imager optics reimage the solar image reflected from the slit jaws
onto a CCD detector. The optical layout is shown
in the top portion of Fig. FO3-2 (red, cyan, and
magenta rays). The slit-jaw imager has two separate optical paths, one each for the near- and farUV regions. The image formed by the telescope
on the spectrograph slit/MgF2 prism is reflected
by the vapor-deposited slit jaws to the filter
wheel. The filter wheel holds two different
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Fig. E-10 Spectrograph & slit-jaw imager with part of the internal structure and baffling.
narrow-band near-UV filters, and two mirrors
ration routinely achieve a bandwidth of 15 Å
with different narrow-band far-UV reflective coat(FWHM) at a throughput of 6% at those waveings. The remaining two positions hold a clear lengths. To improve the contrast in the Mg II k
glass element, and an Al-coated mirror for ground line, we add a fixed split-element Lyot/Solc filter
testing and calibration purposes. The filter wheel to the beam (Fig. E-11). The Lyot filter element
position determines the wavelength of the slit-jaw has a periodic transmission curve (green curve)
imager. The near-UV filters transmit a 15 Å wide with a bandwidth of 5 Å and a free spectral range
spectral window centered on 2796 Å and 2816 Å, of 20 Å. It consists of three birefringent quartz
respectively to the NUV optics (magenta rays in plates with thicknesses of 0.92, 3.68, and
Fig. FO3-2). The mirrors predominantly reflect far- 0.92 mm, respectively, and a VersaLight UV wire
UV radiation around 1335 Å and 1400 Å, respec- grid polarizer on each side of the birefringent
tively to the FUV optical path (cyan rays). Subse- stack. There are no moving parts or indexquent optics in each path consist of a (spherical) matching oil. The VersaLight polarizers by
re-imaging mirror, and two flat fold mirrors, all
1.0
coated with reflective dielectric multilayers optimized for the appropriate UV waveband. The
0.8
NUV path includes a Lyot/Solc birefringent filter
element to reduce the near-UV bandwidth to 5 Å
0.6
(Fig. E-11). Both paths image onto separate halves
of the common slit-jaw imager CCD through a
single shutter controlling exposure time. Ta0.4
ble FO3-3 lists key slit-jaw imager parameters.
UV Filters and Out-of-band Rejection. The slit0.2
jaw imager uses a combination of dielectric mirror
coatings and transmissive UV filters to isolate the
0
2780
2800
2820
wavebands of interest. The mirrors in the NUV
path are coated with the same dielectric laser mirWavelength (Å)
P80133_041
ror coating as the NUV camera and fold mirrors in
Fig. E-11 Lyot/Solc filter design for Mg II k
the spectrograph.
The NUV wavelength selection is done with showing Lyot (green), prefilter (purple) and total
custom extra narrowband filters centered at assembly (red). These filters narrow the slit jaw
2796 Å and 2816 Å. Filters from Andover Corpo- imager NUV bandpass to 5 Å FWHM. For the
Mg II wing the prefilter is centered at 2816 Å.
E-24
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Meadowlark Optics have an efficiency of about
50% at 2800 Å, which is sufficient to provide the
photon count rates listed in Table FO2-1 for Mg
II. The temperature sensitivity of the Lyot/Solc
filter is 0.351 Å/K, and so the predicted ±1.1ºC
temperature control of the spectrograph results in
less than 1 Å wavelength shift. Sufficient quartz
material is on hand to manufacture the filters.
FUV wavelength ranges are selectable with
mirrors in the filter wheel, each with a coating
very similar to the one shown in Fig. E-8. The
coating for the 1400 Å band is adjusted towards
longer wavelengths such that the short edge of the
reflectivity curve falls between 1350 and 1380 Å.
This coating, in combination with the coatings on
the other mirrors predominantly reflects the Si IV
line complex around 1400 Å, while attenuating
the C II line complex near 1335 Å by about a factor of 4. Conversely, the coating for the 1335 Å
band is adjusted towards shorter wavelengths such
that the long edge of the reflectivity curve falls
between 1340 and 1390 Å. The resulting system
predominantly reflects the C II line complex
around 1335 Å, while attenuating the Si IV lines
by about a factor of 10. Overall we achieve two
spectral bands, one dominated by chromospheric
C II emission, the other by Si IV emission from
the transition region. The fixed mirrors in the
FUV slit-jaw path are coated with the same dielectric coating as the FUV camera and fold mirrors in the spectrograph. Combined with a standard, 200 Å wide far-UV filter near the CCD, they
provide sufficient out-of-band and visible/IR rejection. Table E-3 details the efficiency and the
out-of-band rejection for the slit-jaw imager.
Slit-jaw imager performance. Ray traces of the
combined UV telescope and slit-jaw imager system
show RMS spot diameters of 1 pixel or less across
the entire field of view (Fig. E-9). Table FO2-1
summarizes the predicted count rates of the slit-jaw
imager system.
E.6.1.4 Instrument Structure
The IRIS instrument spectrograph and telescope assembly (Fig. FO3-1) kinematically interface to the spacecraft top panel via six struts. The
UV telescope is based on the SDO-AIA design
with the optics mounted in a graphite-epoxy metering tube to provide alignment and thermal stability. The primary mirror assembly mounts to the
rear tube flange via titanium flexures just as for
AIA (Fig. E-12). The secondary mirror assembly
is also based on AIA, but uses a smaller diameter
secondary mirror and a heat sink behind it.
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The telescope interfaces to the spectrograph
via a stiff mounting base at the aft end of the metering tube. The spectrograph and slit-jaw imager
are housed in an aluminum honeycomb structure
very similar to the structure for Hinode-FPP and
SDO-HMI, except that we baseline graphite epoxy face sheets to minimize thermally induced
drifts in the spectrograph during operation. Our
thermal model indicates that a 14-W heater will
maintain the spectrograph temperature within
±1ºC of nominal. The structure has multiple compartments to optically separate the spectrograph
FUV, NUV, and slit-jaw imager paths for stray
light reasons. The internal panels further stiffen
the structure and allow a design with removable
top and bottom panels for integration and alignment. A preliminary finite element analysis predicts an instrument first mode of >70 Hz. The optical mounts are based on similar designs for Hinode-FPP and SDO-HMI, modified where necessary, and use lower outgassing materials.
E.6.1.5 Spectrograph Alignment
The spectrograph and slit-jaw imager subsystem is integrated and tested prior to integration
with the telescope. The NUV paths of the spectrograph and slit-jaw imager are tested in air with
appropriate near-UV light sources such as UV
LEDs and medium pressure Mercury lamps. Using the clear element in the filter wheel, the NUV
path of the slit-jaw imager transmits sufficient
light for alignment with a bright visible light
source such as a laser. The FUV path is aligned in
a similar fashion using the Aluminum coated mirror in the filter wheel, and by temporarily replacing the FUV bandpass filter with a clear element.
The FUV path of the spectrograph can be tested in
air by illuminating the slit at a five degree off-axis
angle. In this configuration, the predisperser sends

P80133_061

Fig. E-12 IRIS uses the AIA primary mirror
mount design (shown in alignment fixture).
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Fig. E-13 IRIS CCD quantum efficiency will
be the same as measured for GOES SXI-N CCD
64 devices. Solid curve is a fitted model.
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2800 Å and visible light into the FUV path. The
non-dispersive elements of both spectrograph paths
are aligned in visible light by temporarily replacing
the 3600 lines/mm gratings with standard 1800
lines/mm gratings. The flight gratings are aligned
in first order using a 2800 Å source. For aliveness
tests throughout I&T, two 2800 Å LEDs will be
permanently mounted in front of the spectrograph,
one near the optical axis for the NUV, and one in
the 5 degree off-axis location for the FUV spectrograph. Final testing and calibration of the fully integrated instrument is performed at the design
wavelengths using a UV collimator in vacuum.
E.6.1.6 CCD Detectors and Cameras
IRIS contains four identical back-side thinned
1024×2048 CCD detectors with 13 "m pixels and
120,000 electrons full well. It is a custom version
of the commercially available e2v Technologies
CCD47-20 device, manufactured using e2v’s enhanced process and thin gate technology, and
without the frame transfer mask of the commercial device. IRIS CCDs have the same backside
treatment as the GOES SXI CCD-64. These have
a high, stable, and very XUV radiation-tolerant
QE (Fig. E-13). The UV QE is 2! better than the
QE of the TRACE Lumogen-coated CCD. The
CCDs are radiatively cooled to below –50°C
(Fig. E-14), producing a dark current of less than
10 e-/s/pixel. Modest heater power is applied during solstice orbits to maintain uniform CCD temperatures. The radiation environment of the polar
orbit requires the CCDs be shielded with <10 mm
of aluminum equivalent.
IRIS uses two SDO HMI/AIA flight spare
cameras without modification, and come at no
extra cost to NASA. The two flight spare cameras,
and a flight-like engineering model camera were
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Fig. E-14 Thermal model demonstrates that
CCD radiative cooling meets requirements. CCD
temperatures for solstice orbit (blue, with no
heater power supplied) & equinox orbit (red).
built for the SDO program by the Rutherford Appleton Lab (UK). They allow simultaneous operation of all CCDs, with programmable (multiple)
windowed CCD readout at 4 Mpixel/s per CCD.
A 14-bit analog to digital conversion provides
readout noise of <10 electrons RMS.
E.6.1.7 Mechanisms
All IRIS mechanisms are direct copies of
flight qualified mechanisms from SDO-AIA
(focus mechanism), TRACE (GT wedges), or
GOES SXI-N (filter wheel and shutter; see
§E.4.3). All mechanisms use brushless DC motors
with high (>100%) torque margins and are constructed for an operational lifetime of at least two
years assuming a 1-s average duty cycle for the
shutters, and a 10-s duty cycle for all other
mechanisms. The telescope front door has a single-use, redundant wax actuator assembly identical to AIA (manually recloseable during I&T).
E.6.1.8 Guide Telescope
The guide telescope (GT) provides finepointing angular measurements that serve two
purposes: a signal for the ISS (§E.6.1.9) to suppress jitter at frequencies above the spacecraft attitude control system (ACS) bandwidth; and an
error signal for the ACS to use for fine pointing
the spacecraft.
The IRIS GT, identical to the TRACE GT
(Fig. E-15) that has operated flawlessly on-orbit
for almost ten years, is a refractor with a Barlow
lens that images the Sun onto a limb sensor with
4 photodiodes. An interference filter at the aperture limits the bandpass to reduce the heat load.
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Fig. E-15 The IRIS Guide Telescope is an
exact copy of the TRACE Guide Telescope.
Two rotating glass wedges, each mounted in a
hollow core motor, point the GT optical axis to
anywhere within 18 arcmin of the GT mechanical
axis. As on TRACE, this system is used to point
the IRIS spacecraft with its telescopes anywhere
on the Sun. As on TRACE, STEREO, and AIA,
the IRIS electronics digitize the signal, and provide it to the spacecraft over the 1553 bus. The
analog GT signal is also provided to the telescope
ISS.
The TRACE GT has a noise equivalent angle
of 0.03 arcsec RMS, which is adequate even for
the 3 times higher resolution of the IRIS telescopes. A summary of the GT characteristics is
given in Table E-4.
E.6.1.9 Image Stabilization Systems
The Image Stabilization System (ISS) senses
jitter with the GT, and removes it by controlling
the active secondary mirror in the telescope. The
active secondary mirror is also used to scan the
solar image across the spectrograph slit. The ISS
actuators and electronics are exact copies from
AIA, and nearly identical to TRACE.
GT analog error signals are conditioned and
sent to the IRIS secondary servo controller. The
tilt of the secondary mirror is accomplished with
low-voltage PZT actuators with integral strain
gauge displacement sensors. The total offset range
of the mirror is ±65 arcsec in image space. A programmable offset of up to ±60 arcsec provides
scanning across the spectrograph entrance slit.
Closed-loop operation using the strain gauges ensures repeatable, linear scanning of the image.
E.6.1.10 Electronics
The IRIS electronics are based on the existing
SDO design for the AIA and HMI instruments but
Table E-4 Guide Telescope Properties.
Interference filter
Optics
Focal length
Sensor
Offpoint range
Offpoint granularity
Acquisition range
Noise equivalent angle
Bandwidth

$0=5700 Å; %$=500 Å
Achromat with Barlow
1.88 m
4 photodiodes
±18 arcmin (w/wedges)
30 arcsec
± 24 arcmin
0.03 arcsec RMS
>50 Hz
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without redundancy. Figure E-5 shows the block
diagram. Apart from a new backplane, no new
designs are required. It consists of a BAE
RAD6000 control computer with RAM, ROM,
and EEPROM on one board. This board is radhard as it was developed for GOES-N SXI and
has worked flawlessly on-orbit for 1.5 years on
Solar-B FPP. The instrument electronics also contains data handling, housekeeping electronics,
mechanism controllers, power and thermal control
electronics.
The data handling electronics acquire data
from the cameras, compress it using configurable
lossless (RICE) and/or lossy algorithms (same as
HMI and AIA), format it into standard CCSDS
packets, and pass it on to the spacecraft solid state
memory via a Spacewire interface. Command and
housekeeping data exchange with the spacecraft
occurs over a Mil-Std 1553B bus.
E.6.1.11 Software
The flight software is written in C++, runs on
a RAD6000 processor using the VxWorks operating system, and has substantial heritage from the
SDO program. It controls IRIS autonomously
with minimum spacecraft and ground interaction.
The software flexibly controls any combination of
exposures from the slit-jaw imager and spectrograph CCDs. It optionally implements automatic
exposure control (AEC). A limited amount of onboard fault management accommodates malfunctions. Since the cameras and mechanisms are reused from SDO, 80% of the flight software will
also be reused. Modifications will be necessary to
the timed-sequence controller, but even this will
be extensively based on the AIA flight design.
Based on SDO experience, the CPU capability
and memory are sized such that less than 50% are
used at launch. The code can be uploaded or
patched after launch if necessary.
E.6.1.12 Instrument Calibration
The IRIS instrument is calibrated at the component level, the spectrograph/slit-jaw imager and
telescope subsystem level, and at instrument level.
The spectrograph/slit-jaw imager subsystem is
fully tested prior to integration with the telescope
using appropriate external light sources near the
slit. The spectrograph response is not uniform in
wavelength due to the coatings used, and thus the
UV response of the overall instrument is calibrated with a UV monochromator & collimator in
vacuum. Table E-5 lists calibration activities by
component/instrument, the calibration method or
facility, and responsible institution/location.
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Table E-5 Calibration Activities.
Parameter
Method
Institution
Mirrors, filters, gratings
Figure, throughput Interferometer,
Manuf., LMSAL,
reflectometer
SAO, MSU
CCD
QE, flat field
UV monochromator LMSAL
Telescope
Resolution
Interferometer
SAO
Spectrograph & slit-jaw imager
Stray light
Sunlight
LMSAL; MSU
Spectral calib.,
UV monochromator LMSAL; MSU
throughput, resol.
Instrument (telescope + spectrograph)
Stray light
Sunlight
LMSAL
End-end
UV monochromator LMSAL
throughput
& collimator
UV spectrograph (on-orbit)
Spectral calibration Star observations
On-orbit
Spatial calibration
Sun scan along slit On-orbit
CCD flat-field
Near-UV LED
On-orbit

E.6.1.13 Contamination Control
Our contamination control approach was used
successfully on TRACE whose optics continue to
observe Lyman # even after almost 10 years on
orbit. Our design isolates sensitive optical surfaces from sources of contamination. Only low
outgassing materials are used and components are
vacuum baked and qualified with QCM measurements. The instrument is purged with dry nitrogen
during assembly and ground operations. CCD decontamination heaters are activated shortly after
launch during early on-orbit outgassing.
E.6.2 MISSION CONCEPT
Observing Strategy. The scientific objectives of
IRIS require a set of observations that explore
specific spatial, temporal, temperature, and velocity domains as described in §E.1, E.2, and FO1.
These observational requirements translate into
specific observing sequences, each combining one
of the mission observing modes (Table FO2-2)
with one of the three principal spectrograph observing modes (Fig. FO2-1). Table FO2-2 shows
sample observing sequences and spectrograph
modes for a range of observational objectives.
The IRIS science team, under the direction of
the PI, establishes the scientific priorities, and a
baseline observing schedule for the month that
takes into account collaborative opportunities with
other missions. The schedule is then refined at
weekly planning meetings, and adjusted according
to solar activity. Observing sequences are
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prepared once a day at the Science Operations
Center (SOC) in Palo Alto, and uploaded to the
observatory via the Universal Space Network.
IRIS is design to operate 9 months of the year
when the orbit is non-eclipsed. Although not specifically designed to operate during eclipse seasons, we expect IRIS will perform well during
eclipse orbits based on thermal modeling and
power analyses, as is true for TRACE.
The observational control of IRIS will be very
flexible. We envisage involving the general solar
community in proposing observing plans and
modes, acting as guest observers, to achieve particular observational and science goals in combination with other solar observatories.
Observing Modes and Sequences. The IRIS observing sequences are flexible: tradeoffs exist between field of view, cadence, spatial and spectral
resolution, spectral coverage, etc. The observing
program is under the control of the instrument
computer and can be adjusted for transient observing or campaign programs that may require higher
data rates for short periods of time depending on
ground-station availability.
The IRIS UV telescope/spectrograph system is
specifically designed for rapid, time-resolved imaging spectroscopy. Spatial raster scanning with
adjustable step size enables both dense spatial
coverage, and sparsely spaced spectral samples to
provide quantitative “ground truth” diagnostics
along a given structure (Fig. FO2-1). The baseline
data rate assumes that the detectors typically observe 6 spectral lines with a 1 s cadence (Table
FO2-2). With reduced spectral coverage of only
the brightest lines, very high cadences of up to
0.5 s are possible, while full spectral coverage is
available at correspondingly lower cadences. Onchip binning may be used to increase the count
rate of dim structures for high cadence observations. The baseline data compression scheme on
IRIS is lossless RICE compression, as on SDO.
The IRIS UV slit-jaw imager provides full
spatial coverage at high cadence for photometric
and morphological studies, as well as context for
the spectrograph.
Ground Stations. The baseline mission assumes
two ground stations. The cost for the use of 13
daily Svalbard X-band ground station passes during the full year (including eclipse season) is
included in our proposal. Based on discussions
our European Co-Is have had with ESA, it appears
likely that if selected, ESA endorsement for IRIS
will result, thus reducing the Svalbard costs,
which would be converted to US science
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resources. S-band uplinks and housekeeping station passes will be accomplished once per day,
five days a week via the Universal Space Net.
The requirements for the various mission elements are summarized in Table FO1-2.
E.6.3 DATA ANALYSIS AND ARCHIVING
Our approach to processing and archiving
IRIS data is to take advantage of the existing inhouse infrastructure at LMATC and LSJU, and
tools developed for the Hinode and SDO missions. These data systems can be augmented to
support IRIS data processing and services.
The data rate required to achieve IRIS science
goals is presented in Table FO2-2. A typical observing day would generate ~2,500 images (including spectra) with a compressed volume of
10 GB. Over the 2-year baseline mission this results in 8 TB of data. In comparison, SDO’s AIA
gathers data with a net throughput of 70,000 images with 16 Mpixels each day and a total archive
volume of 2 PB. Thus processing and storing IRIS
data within the SDO system at Stanford University and Lockheed Martin adds only 0.4% to that.
The HMI/AIA Joint Science Operations Center (JSOC) manages the continuous stream of data
from the two SDO instruments. The 16 Megapixel AIA images are all flat-fielded, rollcorrected, and registered to form the standard
Level 1 data product. The much smaller data volume of the IRIS data can be readily accommodated within this pipeline capacity.
A “browse” summary data set of 1 Mpixel images (resampled in time and space) is generated
from these images and maintained on-line at
Lockheed Martin for the duration of the SDO mission and served to web users on demand. This
data set has a total volume of approximately
40 TB. The addition of 8 TB for IRIS data into
this web-serving archive is easily accommodated.
Compressed IRIS image data will be
downlinked and transmitted to Palo Alto where
they will be reconstructed into images and cataloged in the Stanford JSOC. Since the imaging
software and hardware are derived from AIA, the
processing of IRIS data files can reuse significant
portions of the AIA data pipeline, but with a
vastly reduced volume. Processing to level-1 data
is easily completed within a few hours of receipt.
Raw telemetry will be processed in the JSOC
by Stanford to form the Level 0 Archive and
stored as near-lossless compressed FITS files.
Level 1 IRIS data consists of spectra and images
after dark subtraction, gain correction, correction
for radiation hits, and normalization for exposure

LMSSC-P080148P
16 December 2008

producing FITS data files of floating point images
in units of DN/s, ready for dissemination, viewing, and analysis. Level-2 data in physical units
for, e.g., calibrated intensities and velocities will
be generated by LMATC as appropriate, as will
related data products that include processed movies and observation-based numerical models.
IRIS data services will be aligned with the
best practices of the heliophysics data environment (http://hpde.gsfc.nasa.gov) including an
open data policy and a standard format and software environment. By leveraging the SDO JSOC
data system it will be directly accessible through
the Virtual Solar Observatory.
Like Hinode/SOT, IRIS is a pointing instrument that requires daily planning and interinstrument coordination to optimize its scientific
utility. IRIS planning, data-processing, and analysis software will leverage the tools developed for
Hinode to capture scientific metadata including
planning information (e.g., target and purpose)
and preliminary analysis (e.g., data quality, cadence, instrument performance). Like AIA, IRIS
needs to keep track of observed solar events in
order to optimize the science return. IRIS event
processing and validation software will leverage
that of the AIA system and incorporate elements
of the evolving heliophysics knowledge base.
The Observation System for IRIS will contain
metadata entries describing the observations made
by IRIS using the Virtual Observatory Event
schema, the XML standard supported by the Intl.
Virtual Observatory Alliance. Key elements of the
IRIS observations are captured: details of observing coordinates, fields of view, filter combinations, cadence, data quality and validation, planning notes, features identified within the dataset,
etc are all included in these files, as well as links
to associated movies and other related data. All
relevant metadata associated IRIS observations
are encapsulated in these files. This includes links
to observing plans (“timelines”) and other ancillary data that was generated during the mission.
The Hinode Science Center at the University
of Oslo will serve as a data mirror site to provide
a 2nd access point for international users.
E.6.4 SCIENCE TEAM
To maximize the science return, our investigation relies on (i) the detailed analysis of the IRIS
observations, (ii) comparison with supporting data
from other ground- and space-based observatories, and (iii) close interaction with leading
numerical modelers in radiative transport, wave
phenomena, MHD, and plasma physics. This
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philosophy has guided us in selecting the coinvestigator team, summarized in Table FO2-3.
The instrument engineering team has extensive experience with flight hardware, having built
and operated telescopes, instruments, and cameras
on missions that include the currently operational
ones: SOHO, TRACE, Hinode, GOES, and
STEREO, as well as the future SDO. This also
means that our expertise in data handling and delivery is based on many years of expertise, including systems with much larger data volumes than
IRIS, to satisfy the scientific user community.
Our team members and colleagues in their
groups have extensive observational and theoretical expertise in fields ranging from photospheric
to coronal physics, spectroscopy, 3D-radiative
MHD simulations, and plasma physics. This includes extensive expertise in combining spaceand ground-based data and models.
Three different modeling approaches are represented for atmospheric modeling and field
emergence: Abbett, Hansteen and Carlsson, and
Cheung continue their development of MHD
codes that extend from below the photosphere to
the low corona; comparisons between these codes
and the observations will help reveal which
schemes best capture the physics – our understanding will advance most efficiently in that
process of comparing multiple code implementations with observations. Poedts is working on an
MHD code that incorporates non-MHD aspects
such as Hall-MHD and two-fluid approximations.
Spectroscopists with expertise in the temperature domain of interest to IRIS have been selected: Carlsson, Judge, and Uitenbroek all have
expertise in optically thin and thick radiative
transfer particularly for the IRIS spectral range.
Our Investigation involves plasma physicists
from space physics to laboratory physics (Klumpar, Poedts, Yamada); they will be involved in
engaging their communities, and organizing interdisciplinary analysis and science workshops.
The team represents not only a wide range of
scientific expertise, but also includes key members of other investigations that will ensure optimal operational coordination and efficient exchange of information. This is particularly important in the case of Hinode (whose SOT and SP
vectormagnetographic data will enable magnetic
field extrapolations in MHD and NLFFF approximations), SDO (whose AIA observes most
of the coronal temperature range, and whose HMI
can provide lower-resolution but large field-ofview vector-magnetic data), and SOLIS (both as a
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backup for vector-field measurements, and as a
source for chromospheric field observations and
Ca II and H& image sequences).
The demanding scientific analysis and modeling, inter-instrument coordination, and instrument
development, result in an investigator team comprised of 34 members. The 9 Co-Is from Europe
and Japan are at no cost to the project. Of the 25
US-based Co-Is, 6 have inter-instrument coordinating and analysis functions that will require
about three months per year. Five have modeling
functions that require a total of 6 FTE for the program. The most demanding tasks during phase E
are those of PI, science lead, operations, and the
data analysis and archiving functions, which require 0.75-1 FTE for 8 Co-Is. Another 8 FTEs are
required for science analysis, including Co-Is,
postdocs, and PhD students. The total project
Phase-E support for US Co-Is is 35 FTEs.
The funding available to the IRIS team will be
used to stimulate collaborations on science projects in an environment of frequent interactions,
including focus-team meetings. Focus groups will
be created for model advancement, model-data
comparisons, diagnostic tool development, and
feature quantification (e.g., for wave properties,
atmospheric dynamics from quiescence to flares,
flux emergence and field reconnection), and research coordination (including instrument operational modes and target selection).
E.7
PLAN FOR SCIENCE
ENHANCEMENT OPTIONS
Science enhancement options for IRIS include
increased coordination with other data analysis
teams, other missions, laboratory plasma physics,
and other modeling groups:
1. A joint data-model analysis and computation
center for IRIS involving also Hinode and
SDO would vastly enhance the synergy of the
teams. Such a center might be active for periods of several weeks in joint analyses of particular data sets, or may be considered to function throughout the IRIS mission.
2. Increased coordination of solar physics research with research in computational fluid
dynamics and laboratory plasma physics, well
beyond the scope already proposed here,
would be mutually beneficial to all parties involved. Joint meetings and analysis workshops can be designed, and joint research projects funded for these disciplines that are artificially separated by the funding structures.
3. Extend the mission for an additional 2 years.
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F. TECHNICAL APPROACH
F.1 TECHNICAL APPROACH OVERVIEW
IRIS collects simultaneous spectra and highresolution images in ultraviolet band passes
around 1400 and 2800Å in order to meet the science observing requirements discussed in §E.3.
The mission launch is planned 2012, near Solar
maximum, flying in a dawn-dusk, low-Earth orbit
for continuous observations. IRIS observations
will be coordinated with a host of other observatories, including Hinode, SDO, and ground-based
observations, in order to address the major scientific questions discussed in §E.1 and §E.2.
The IRIS project uses proven, reliable technology to produce a mission that will yield
groundbreaking observations. Most mission elements are based upon already-tested designs and
in some cases use existing and tested components.
Because of this, there are no significant technical
challenges to our program. This also means significant risk reduction at every stage of the IRIS
program.
The IRIS instrument consists of a 20 cm telescope whose output is split between a slit-jaw
imager and a UV spectrograph. This allows spectroscopy with co-aligned, high-resolution context
imaging. Four CCDs are used to read out the slit
jaw images and the UV spectral bands.
The IRIS spacecraft is based upon a modular
design that allows ease of access and therefore
ease of integration. The spacecraft structure is derived directly from the design of the Spitzer
spacecraft structure currently in space.
The IRIS instrument carries a Guide Telescope (GT) that provides the signal for the instrument image stabilization system and also provides an accurate pointing signal to the spacecraft
attitude control system. This is the same approach
that was used for the TRACE mission and is very
similar to the approach used by STEREO/
SECCHI and SDOA/AIA.
Many components the IRIS instrument are either direct copies of, or are very similar to, instrument components designed and tested at
LMSAL for HMI or AIA. The CCDs, fabricated
by e2v, are very similar to previous designs. IRIS
makes use of two flight spare SDO camera electronics boxes (CEB), which have already completed environmental testing. The instrument electronics box is populated with SDO-designed
boards. Only the backplane and the FPGA code
for the mechanisms require modification. The instrument mechanisms are based on existing designs already flown or qualified for flight on
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SDO. This extensive reuse of hardware allows
rapid development, testing and integration.
The reuse of SDO CEBs and electronics enables much of the instrument flight software also
to be reused from SDO. EGSE software developed by LMSAL and used for a decade on various
LMSAL flight projects is the baseline. IRIS team
members, therefore have extensive experience
with both the software and EGSE involved in
IRIS, allowing for rapid software development
and testing. Furthermore, this will be integrated
early with the spacecraft systems using the
hardware/software testbed (see §F.3.12).
Instrument design is shared between LMSAL,
SAO and MSU. SAO collaborated on the very
similar SDO/AIA telescope design. MSU is responsible for the spectrograph.
Data from the IRIS mission will be incorporated into the existing data infrastructure for HMI
and AIA at the Joint Science Operations Center
(JSOC). The JSOC is a distributed facility with
high speed dedicated optical links between
LMSAL and Leland Stanford Junior University.
The JSOC system is designed to receive, process,
archive and distribute 1.4 TB/day from HMI and
AIA. By the time of the IRIS launch, the JSOC
will have handled this data stream for four years.
IRIS produces 60 Gbits/day, making data processing for IRIS a relatively minor additional task for
the JSOC.
A key to the IRIS program is the co-location
of the instrument, spacecraft, and ground data system development teams. The LMS&ES (spacecraft) team and Ames Research Center (ARC)
(ground data system) team will join the instrument
team in the LMSAL facility in Building 252 of the
Lockheed Martin Advanced Technology Center.
The instrument and spacecraft are assembled,
tested and integrated in the same building.
LMSAL also houses the IRIS Instrument Operations Center where IRIS observing sequences are
prepared. This close working environment promotes fast communications, early integration
agreements, and minimizes delays that can be
caused by long distance collaborations.
The combination of hardware familiarity and
close working proximity enabled the IRIS team to
use Phase A time to lay the groundwork for a
quick and efficient execution of our program. Tables F.3-1, F.4-1, and F.7-1 list various Phase A
accomplishments. These accomplishments have
brought the IRIS program nearly PDR maturity.
Upon award, we anticipate an accelerated Bridge
Phase and rapid initiation of Phase B.
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F.2

MISSION DESIGN
The IRIS mission measures the flow of energy
and matter from the solar surface to the corona
with imaging and spectroscopy at high spatial and
temporal resolution. The science goals are greatly
enhanced by using data from the existing assets of
the Heliophysics distributed Great Observatory.
Members of the IRIS team are PI’s of many major
solar components of the observatory and are committed to coordinated joint observations. The Joint
Science Operations Center (JSOC) developed for
SDO now includes TRACE and Hinode data and
is expanded to include IRIS data. The result is a
single source for a broad range of measurements.
The IRIS mission is accomplished with an instrument design that is based on heritage from the
TRACE, SDO/AIA, SDO/HMI, and Hinode/FPP
instruments to provide a low-risk approach. The
IRIS mission concept is mature and includes a
Lockheed Martin Sensing & Exploration Systems
(LMS&ES) spacecraft that is compact and well
suited for the IRIS mission objectives. Most
spacecraft components have flight heritage; the
star tracker selected for IRIS will have flight heritage by IRIS PDR. The experienced hardware
team has the benefit that the PI and the spacecraft
provider belong to the same organization and are
located on the same campus. Consequently, technical and management efforts are efficiently integrated to streamline the instrument and spacecraft
design and I&T activities.
The baseline mission duration is two years in
an elliptical Sun-synchronous orbit, 596 x
666 km, with an inclination of 97.91-degrees and
a 97.3-minute period. The primary X-band highrate ground station is located at Svalbard, Norway. Commanding via S-band is performed at
Svalbard, once daily, 5 days/week. Similar to
TRACE, IRIS is not required to operate during the
annual eclipse season (May-Aug); therefore, this
case is not a design driver. The Project intends to
do so only if sufficient power and funding resources permit. TRACE has operated every
eclipse season for 10+ years and we expect IRIS
will perform similarly.
A small enhancement to the existing SDO
JSOC enables science operations to be conducted
at LMSAL and data archiving at Stanford University as will be done for SDO AIA and HMI. Mission Operations are conducted at ARC.
F.2.1 SYSTEMS ENGINEERING AND
REQUIREMENTS
The IRIS Mission Requirements Traceability
Matrix is shown in Figs. FO1-1 and FO1-2. The

flow-down of IRIS System Requirements, depicted in Fig. F.2-1, ensures implementation of
Level 1 Science Requirements in all mission elements. The Mission Definition Requirements
Agreement (MDRA) establishes the Level 2
requirements, primarily functional requirements
defining what the mission elements must accomplish. From the MDRA, requirements flow to the
Observatory Performance ICDs (PICD), a key
document that establishes the performance characteristics of the combined Instrument and Spacecraft. With the functional and performance of the
Observatory interfaces now specified, the Spacecraft and Instrument System Specifications are
written followed by individual hardware and
software specifications. Elements of IRIS developed by SAO, MSU, Stanford University, and
LMS&ES partners are treated in a manner identical to those being developed at LMSAL.
NASA/ARC develops the Ground Data System
Requirements, using a common Project approach.
Systems Engineering develops a Verification
Program and Plan to ensure that requirements are
met at all levels. The IRIS verification process
involves generation of a verification program
based on requirements in the MDRA, ICDs, System Specifications, and box level specifications.
This effort is initiated early in Phase B as detailed
design data and performance data become available. We present the results of these analyses at
PDR and document them in the Verification Plan.
Project Level 1
Requirements
MDRA Level 2
Requirements
Observatory
Performance ICD
Instrument Sys
Spec

Spacecraft Sys
Spec

HW Specs
SW VCRM

HW Specs
SW VCRM

GDS Sys
Spec
Launch
Vehicle ICD
P80133_106

Fig. F.2-1 IRIS Project Flow-down. The MDRA
defines the functional scope of the mission while
PICD characterizes the performance of the
Observatory with its interfaces.
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The analyses and plan are iterated during the
PDR-CDR phase. Software verification begins
during this phase with simulators and Engineering
Model hardware. Test procedure preparation for
the Instrument, Spacecraft and Observatory level
testing commences following CDR. Systems Engineering maintains cognizance over the complete
verification process (analysis, demonstration, and
test) and determines satisfaction criteria. Systems
Engineering audits and approves test requirements, plans and procedures prior to implementation of hardware and software testing. The results
of the verification program are presented by Systems Engineering at key IRIS reviews.
During Phase A, draft versions of the MDRA
and Observatory (Instrument-Spacecraft) PICD
(Instrument-Spacecraft) were generated. The team
established preliminary Spacecraft component
specifications. At these lower levels, the specifications are expanded to address performance and
the allocated resources, primarily mass and
power. The observatory currently maintains 17%
contingency for mass growth and an additional
41% margin relative to the launch vehicle capability. Observatory power budget includes 13% contingency for growth and an additional 30% margin
relative to current capability. (Ref. Table FO4-2).
Mass and power contingencies are low because of
the extensive reuse of flight hardware.
A number of performance and trade studies
have been accomplished in Phase A for the spacecraft and instrument designs; these studies are addressed in Sections F.3 and F.4 respectively. At the
mission level, the IRIS baseline orbit has been optimized (Ref. §F.2.2.1) and the battery discharge
for a potential launch during eclipse has been
studied (Ref. §F.2.2.3).

F.2.2 LAUNCH VEHICLE & ORBIT
REQUIREMENTS
The IRIS spacecraft is launched into a Sunsynchronous (“Twilight”) orbit (see Fig. F.2-2) by
a Pegasus-XL, without HAPS or on-board propulsion system. For IRIS, launch processing operations with the Orbital L-1011 Carrier Aircraft occur at the Western Test Range at Vandenberg
AFB. For many Sun-synchronous “twilight” orbit
missions the orbital ascending node orientation is
selected based on launch date so that the earliest
months of mission operations are conducted in
continuous sunlight. The orbit selected for IRIS
includes the “6 PM” or “dusk” ascending node
which yields a roughly 98-day eclipse season
(with eclipses occurring near the southernmost
part of the orbit) centered on the summer solstice,
with the longest eclipse being 21.8 minutes. This
orbit provides 8.8 months/year of eclipse free observing in years 1 & 2, meeting the Level 1 requirement. The Hinode mission has a similar
eclipse season, thus maximizing coordinated observing time. This orbit also meets the IRIS mission desire to maintain a reduced observing capability during eclipse season while transmitting to
Svalbard in the full Sun, or northernmost, portion
of the orbit.
The baseline orbit was changed from a 700
km circular orbit to an elliptical orbit, 596 x 666
km. The elliptical orbit was chosen to minimize
effects of launch dispersion errors while the altitude was sufficiently lowered to meet the 25 year
re-entry requirement as specified in the orbital
debris mitigation requirements (Ref. §F.2.2.2).
As noted in §E.1 and §E.3.9 it is desirable to
launch IRIS in the 2012 time frame to maximize
the scientific synergy between IRIS and the Hi-
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Fig. F.2-2 IRIS Sun-Synchronous “Twilight” Orbit with 6 PM Ascending Node provides eclipse free
observing 280 days a year.
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Telemetry based on 60 Gb/day
downlink requirement

60

Memory use with nominal downlink schedule for
observing scenerios with 0.7 Mb/s (solid), 1.5 Mb/s
(dotted), and 2.7 Mb/s (dashsed; see Table FO2-2).
Margin shows memory left at the end of the
required 24h, 12h, and 5h observing, respectively.

50

40
Memory (Gb)

node and SDO missions, but from a technical
standpoint IRIS could be launched during any of
the three opportunities listed in the AO.
F.2.2.1 Orbit Effect on Data Volume
The Level 2 mission requirement for daily
data volume has been established at 60 Gbits/day
and is derived from the Modified Baseline continuous observing case identified in FO2-2. Other
cases may generate at a higher rate but they are
not continuous; they require the Science Planner
to manage the on-board data volume as described
in §F.7.2.1.
The spacecraft is visible at the Svalbard
ground station on all (nearly 15) orbits each day,
but 3 or 4 of the orbit passes are unusable for
communications because of limited duration
and/or low elevation. On average, 12.3 passes of
greater than 5 minutes duration are possible. Applying a 5° minimum elevation angle and subtracting margin for acquisition, 63 Gbits per day is
possible in this orbit through Svalbard only, meeting the Level 2 requirement.
This is adequate because the data generation
calculations used in Table FO2-2 include 20%
margin for housekeeping data overhead and data
compression uncertainties, a healthy allowance. In
Phase B, this estimate will be refined and
lowered.
The size of the spacecraft science data storage
(48 Gbits, ~6 Gbytes) is adequate considering
how the memory is managed. As shown in Fig.
F.2-3, the filling of the on board memory is offset
periodically by data downlinks during station
passes. At the nominal data rate of 0.7 Mb/s, the
memory fills on average as much as it is drained.
If no station passes are missed, this means that on
average no more 10% of the memory is used; alternatively, for continuous observing for 10 days,
on average 1 pass could be missed each day. For
the scenario from Table FO2-2 with 1.5 Mb/s of
data for 12h, the nominal downlink schedule
would leave 19% memory margin; alternatively, 3
out of 6 passes could be missed for a successful
run. For the scenario with 2.7 Mb/s for 5h, there is
a 19% memory margin, or alternatively all passes
could be missed during the run.
F.2.2.2 Orbital Analysis and Selection
In Phase A, a detailed study was conducted to
investigate the effects of launch dispersion errors
on the baseline orbit. The Pegasus XL is assumed
with 3-sigma injection accuracies obtained from
its User’s Guide. The baseline science requires an
average of 8 months or more per year of eclipsefree observing during the prime mission lifetime

Margin: 19%, No passes
required during run to
meet requirements

30

Margin: 19%, 3 to 6
downlinks required during
run to meet requirements

20

Margin: 90%, 10-d cont.
observing possible if 1
pass/day is missed
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T (h)
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Fig. F.2-3 Mass Memory Utilization The figure
shows mass memory margin exists for the
observing modes defined in Table FO2-2.
(2 years). A 6 PM local solar time (LST) at the
ascending node provides eclipse seasons consistent with the Hinode orbit and allows science data
downlinks in full Sun over Svalbard. To meet orbital debris mitigation requirements, the vehicle
must re-enter the atmosphere 25 years after mission termination (Ref. NASA-STD-8719.14). Finally, to stay within the SMEX cost cap, the mission requirements must be met without an onboard propulsion system or use of the Pegasus
HAPS option.
The AO proposal orbit of 700 km circular
does not meet the 25 yr re-entry requirement, nor
could we find a circular orbit sufficiently low that
met both the re-entry requirement and the science
requirement; therefore an elliptical orbit of sufficiently low perigee was pursued. Noting that the
Pegasus non-insertion apse error (±80 km) dominated orbit degradation, the target for the noninsertion apse was raised to 70 km above the insertion apse. Therefore, the 3-$ low error at either
apse results in the same perigee. This orbit with
errors is very close to meeting the mission requirements. Only the low perigee case violates the
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Fig. F.2-4 IRIS Eclipse Season Growth with
Injection Errors. The figure shows that with the
worst case, -3! low apogee, the orbit still meets
the > 8 month eclipse-free observing requirement
for the first 2 years of the mission.
8 month observing requirement, when non-linear
drag effects cause excessive orbital precession. To
mitigate, the target ascending node has been biased early to 5:37 PM LST to balance the effect of
high and low errors. This orbit, 596 x 666 km,
meets the mission requirements for each individual 3-$ error case, see Fig. F.2-4. Further orbit
optimization will continue as vehicle mass
matures.
It is worth noting that TRACE settled on a
similar Sun-sync orbit, 600 x 650 km, for similar
reasons, and achieved a near perfect injection.
F.2.2.3 Time of Year Restrictions
IRIS has no time of year restrictions. The battery capacity is sufficient to power the spacecraft
while the maximum tip-off rates are captured and
a Sun-pointed attitude is established. A simplified
simulation of the launch phase power condition
has been performed for a launch at the peak of the
eclipse season using predicted power loads (including contingency). The battery depth of discharge (DoD) reaches a peak of 22% during
launch phase and acquisition phase while in
eclipse season (Ref. §F.3.5).
F.2.3 LAUNCH VEHICLE REQUIREMENTS
The IRIS mission is designed to launch on a
Pegasus XL with standard mechanical and electrical services. The HAPS module is not necessary.
Class 100K cleanliness requirements at the launch
site are assumed in our baseline as there are no
test plans that would expose instrument optical
surfaces to this environment. The instrument will
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be purged with ultra pure dry nitrogen at all times
until fairing closeout. Baselined are the same contamination processes as were used for TRACE, an
EUV instrument with similar requirements.
Depending on the final IRIS mass and center
of mass location, IRIS may fall within the Pegasus
RCS Stay-out Zone (see Pegasus User’s Guide
Fig. 5-13); currently it is not. The Pegasus guidance engineer was consulted on this subject, and
indicated the Pegasus RCS thrusters may need to
be relocated to accommodate the IRIS center of
mass; a procedure Orbital Sciences Corp. has performed on previous missions. Alternatively, 12 kg
of ballast could be applied to shift the IRIS center
of mass out of the RCS Stay-out Zone. This
amount would lower the Observatory mass margin to 31%, still a very healthy margin. Further
consultations will be made during Phase B.
The Project will also investigate the RS-422
serial data line to provide telemetry from the
spacecraft IAU. The baseline assumes this C&DH
box is powered during flight so that battery charge
and temperatures can be monitored. Furthermore,
having the IAU powered allows a continuous collection of housekeeping telemetry during the
separation event.
The baseline plan does not require downrange
telemetry support arranged by Orbital. This service adds only a minute of additional telemetry
coverage after separation, not enough time to observe solar array deployment (Sep ~ +90 seconds). Instead, stored data will be down-linked
during the first station contact (Sep +20 min).
F.2.4 MISSION TIMELINE
The IRIS Mission consists of six phases:
1) Launch and Acquisition, 2) In Orbit Checkout,
3) Science Verification, 4) Normal Operations,
5) Extended Operations, and 6) Mission
Termination.
F.2.4.1 Launch and Acquisition Phase
The spacecraft IAU is powered during captive
carry and launch, storing and sending housekeeping telemetry via the Pegasus RS-422 interface.
The ACS system remains idle until separation.
The Pegasus guidance engineer was consulted
on the Pegasus XL launch capabilities and injection accuracies for the IRIS target orbit. Orbital
Sciences Corp. provided the nominal 3DOF
launch timeline in Table F.2-1. The 3DOF design
assumes a minimum performing vehicle, and will
later be replaced with a 6DOF design which will
typically show Stage 3 ignition and subsequent
events ~1 minute earlier. In this CSR, the 3DOF
timeline has been used to describe events.
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Table F.2-1 Nominal 3DOF Timeline.
Event
Drop
Stage 1 Ignition
Stage 1 Burnout
Stage ½ Separation
Stage 2 Ignition
Fairing Separation
Stage 2 Burnout
Stage 2/3 Separation
Stage 3 Ignition
Stage 3 Burnout
Payload Separation

Time (s)
0.0
5.0
76.0
88.3
89.1
122.8
162.3
522.8
533.8
602.3
722.3

The target separation conditions are with IRIS
Sun-pointed (+Z axis toward the Sun), and with
zero angular rates. IRIS can accommodate separation in any attitude with 4°/second angular rates.
Separation is detected by means of tripleredundant break-wires in the separation connectors. Upon separation, the spacecraft initiates solar
array deployment and powers on the ACS sensor
and actuator suite. The deployment sequence is
described in detail in §F.3.13.1 while the ACS
acquisition modes are described in §F.3.9.
The tip-off rate capture and attitude acquisition process has been simulated at the maximum
tip-off rates; it may take up to 133 minutes to
complete rate capture and attitude acquisition. The
battery depth of discharge during this period is
described in section F.2.2.3.
The Flight Ops Team (FOT) and subsystem
engineers provide 24 hr coverage at the Mission
Operations Center at NASA/ARC, nominally for
the first 7 days. The FOT responsibility during
this first critical orbit is to confirm solar array deployment, ACS acquisition of the Sun, and a
power positive condition, sending ground commands as needed to correct for anomalous events.
The IRIS mission utilizes the NASA Ground
Network (GN) stations at McMurdo (MCM), Antarctica, Svalbard (SvalSat), Norway and Poker
Flat (PKF), Alaska, to provide critical first orbit
ground coverage, depicted in Fig. F.2-5. Combined, these stations provide 80 minutes of ground
contact during the critical first 3 orbits. The GN
station at Wallops Is, Virginia, is also available
but not visible until the 5th orbit. Historically,
Wallops provides superior troubleshooting capability of RF anomalies.
The McMurdo station is visible at +21 minutes after separation for a 12 minute pass, followed by Svalbard at +70 minutes for a 9 minute
pass and finally, Poker Flat at +80 minutes for an

8 minute pass. Both individually and combined,
these first orbit station passes provide ample time
for conducting contingency operations as described earlier. Most importantly, they occur before the worst case power negative scenario. The
worst case 3-$ injection errors reduce first orbit
total station visibility time by 1.5 minutes.
The GSFC Flight Dynamics Facility provides
a preliminary assessment of the IRIS orbit 30
minutes after separation using tracking data from
Pegasus and the range. Station antenna acquisition
data is then provided to the MCM, SvalSat and
PKF stations as needed. Orbit knowledge is refined as station tracking data is received.
Provision of Critical Events Data. The IRIS telemetry approach provides data needed for verification testing during on-orbit checkout, health and
status checks, environmental monitoring and resource usage. A design reference mission is prepared consisting of all planned operations of the
spacecraft system. Analyses determine operational
events of a critical nature that could cause loss of
the mission and verify inclusion of adequate telemetry data points. The mission plan is used to
determine telemetry coverage during all phases of
the mission: launch, separation, deployment, science operations, and safe-hold operations.
Telemetry data are provided for all mission
critical events and for analysis and corrective action of anomalies. Table F.2-2 identifies the mission critical events for IRIS.
Telemetry storage is initiated upon IAU power
up which occurs prior to L1011 taxi and take-off;
Svalbard

Poker Flats
Wallops

McMurdo
Wallops
Svalbard
Poker Flats
McMurdo
P80133_114

14:01:34
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17:01:34
GMT

20:01:34
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23:01:34
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Fig. F.2-5 IRIS L&EO Station Visibility The
IRIS use of the NASA GN sites provides 80
minutes of contact time in the first 3 orbits.
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therefore, a recorded history of all events, critical
and nominal, is available for downlink at the first
ground station pass. IRIS is launched with a
command sequence that autonomously performs
the initial schedule of ground station contacts.
During these contacts the spacecraft will turn on
the S-band transponder and transmit the accumulated health & status telemetry without relying on
any ground commands. On-board data is not released until ground receipt is verified and released
by ground command.
The IRIS mission relies on stored data telemetered to the ground to verify events associated
with separation and deployment. The initial power
on of all Observatory systems and telescope front
door opening occurs during real-time station
passes via ground command; the telescope front
door is opened ~ 14 days after launch.
F.2.4.2 In-Orbit Checkout Phase
The In Orbit Checkout (IOC) Phase nominally
begins after the 3rd orbit and concludes approximately after 30 days. During this phase, all spacecraft and instrument systems are powered and
confirmed to be in nominal condition. This phase
concludes when spacecraft systems (not instrument) have been calibrated.
Shortly after the SC attitude is stable and
power is positive, the Instrument CCD decontamination heaters are enabled protecting against
contamination build up while outgassing.
Spacecraft Checkout. The spacecraft attitude sensor and antenna orientations are measured with
sufficient accuracy pre-launch that the mission
can be performed without any on-orbit calibrations. On-orbit measurements improve pointing
knowledge and performance, so a set of calibration measurements are made during the first three
days of IOC.
Ground terminal tracking data and received
signal characteristics confirm S-band and X-band
transmitter performance and antenna downlink
coverage. On-board received signal strength confirms S-band uplink coverage.
The two star trackers are powered on and
tracking data is collected while IRIS remains Sunpointed. The data are compared to ground simulations, magnetometer and Sun sensor data, to verify star tracker performance and to calibrate their
pointing relative to each other, and to the Sun sensors and the magnetometer.
Once star tracker operation is confirmed, the
spacecraft is commanded to Inertial Sunpoint
mode in which the star trackers are used for the
roll attitude reference (instead of the magnetome-
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Table F.2-2 Critical Events.
Event
Payload Separation
Solar panel deployment
Front door opening

Time (s)
Drop +722.3
Separation +93
L + 14 days

ter) and IRIS assumes the commanded inertiallyfixed attitude. Slew maneuvers are performed
around all three axes to present a range of attitude
over which the star tracker and Sun sensor data
can be compared to each other, and the response
to reaction wheel inputs precisely measured. Finally, the vehicle total momentum is commanded
to a variety of values through use of the torque
rods to measure their influence. The ACS operating parameters may all be adjusted in flight to refine performance based upon these calibration
measurements.
Throughout this period the temperature sensors located throughout the observatory are monitored and thermal control performance verified.
Similarly, the battery condition and load circuit
voltages and currents are monitored and power
system performance verified.
Instrument Checkout. Functional Verification of
the IRIS instrument begins after it is powered on
(approximately 4 days after launch) and before the
telescope front door opens (approximately 14
days after launch), using dark images and status
telemetry to verify the normal operation of as
many components and subsystems as possible.
Alignment between the ACS and Guide Telescope
(GT) begins, the ACS transitions to Fine Sunpoint
Mode, and initial targeting and response time is
verified. The CCD cameras, mechanisms and operational heaters are all exercised in this period.
The CCD decontamination heaters maintain an
elevated CCD temperature (~ +30ºC) through day
10 at which point they are turned off allowing the
CCD to settle at its operating temperature
(~ -70ºC). Dark images for both cameras and all
amplifiers are taken for several orbits, including
during the South Atlantic Anomaly and High Latitude Radiation Zones, to get baseline data on
camera noise, dark current/offset variation, and
particle hits during the orbit. Another key activity
is testing the observing sequences that are run
during front door opening and during subsequent
Science Verification phase. The IRIS front door is
opened during a real-time pass while taking highcadence slit-jaw to monitor the light level. After
allowing the Instrument to come to thermal equilibrium, initial focus checks are run.
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The “first light” phase of checkout takes place
for approximately 2 weeks after the front door
opening. Initial optical checks are done during
real-time passes, followed by stored command
timelines that are used to perform checkout between station passes. The test activities include
the following (not necessarily in this order):
• Coarse and fine focus scans, focus stability
• Camera tests with light, gain, linearity, light
transfer, CCD plate scale
• ISS jitter data in diagnostic mode and measurement of micro-vibration disturbance sources
• PZT range, scale factors and bias tuning
• Co-alignment between the IRIS cameras and to
GT and ACS pointing throughout the orbit
• Flat fields, Image quality checks
• Throughput and scattered light measurement
• Image compression
• Solar rotation tracking
• Roll angle calibration comparing solar feature
motion with star tracker roll reference data
• Spectrograph rastering linearity.
Staffing. During the IOC phase, the Flight Ops
Team maintains a 24 hour staff during the first 7
days of the mission, taking approximately 10-13
station passes during mission days 0-3. Checkout
activities are performed during the day shift with
prime subsystem engineering personnel to assist.
The backup shift performs mostly catch-up activities and monitoring for health and safety. After 7
days, manpower levels are reduced and after 2
weeks, a transition to a normal mode of operations
begins, with “lights-out” science data dumps occurring through the night at Svalbard.
F.2.4.3 Science Verification
The goal of the Science Verification Phase is
to verify the Level 1 and Level 2 science requirements and conduct the top priority science. It is
accomplished via science timelines and data
analysis after the IRIS Observatory has been functionally verified; this period phases in after approximately 21 days and continues roughly
though mission day 60.
The first 30 days of science observing for
IRIS includes 1) a series of observations for initial
optimization of observing sequences, 2) observations to meet the instrument’s calibration needs,
3) an exploration and discovery phase, and 4) sustained science observing sequences. For all of
these observations, IRIS closely coordinates with
high-resolution vector magnetic observations (Hinode/SP), with space-based spectrographic instruments (Hinode/EIS), and observations in H#,
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Ca II H,K, and IR-triplet (with, e.g., Hinode/SOT,
NSO facilities, or the Swedish Solar Telescope).
1) Initial optimization of observing sequences.
IRIS explores the signal strengths from a variety
of solar targets, starting with quiet-Sun at disk
center, and expanding to active regions, above the
solar limb at the poles and at mid-latitudes over
active regions, coronal holes, and filaments and
prominences. These observations consist of smallarea scans with a range of exposure times to obtain significant signals in both strong and weak
lines, both at on-disk and off-limb positions. They
also include coordinated observations with fulldisk imaging instruments (e.g., SDO/AIA, Hinode/XRT, or ground-based instruments) to finetune the coordinate system for inter-instrument
co-alignments, and to validate the pointing knowledge. IRIS makes large area mosaics of the Sun
by slit-jaw imaging in Mg II k, the Mg II line
wing, C II, and Si IV, for comparison with fulldisk coronal imaging by SDO/AIA, Hinode/XRT,
and other available full-disk instruments, as well
as with magnetograms by SDO/HMI and groundbased observatories.
2) Calibration observations. IRIS obtains pole-topole central-meridian and limb-to-limb equatorial
spectral rasters, including off-disk pointings, to
aid in wavelength calibrations (individual rasters
may take 6-12h each, each repeated several
times). These enable us to measure rotational
Doppler shifts in the E-W direction and a mean
wavelength position for the central-meridian scan.
These rasters are made in sets of exposure durations to achieve optimal dynamic range for both
strong and weak spectral lines. These data are also
used in the initial study of the center-to-limb behavior of intensities, Doppler shifts and line
broadening, which help constrain models of nonthermal energy deposition.
3) Exploration and discovery. As IRIS will be the
first UV spectrograph to observe the Sun at its
spatial and temporal resolution, we will explore a
variety of solar targets, both on and off disk, to
compare signals (intensities, Doppler properties,
line widths, and variability) from solar regions
viewed from different angles as they rotate across
the Sun. These observations consist of fairly compact rasters at high cadence, repeated for several
hours before moving on to the next target, sampling as many types of solar sources as accessible
in this period.
4) Sustained science observing sequences. Experience with TRACE and Hinode observations
demonstrates that sustained observing of target
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regions over periods from half a day up to several
days is an excellent way to discover phenomena
in the context of their evolution from well before
their formation to their eventual disappearance.
This will guide us in the final phase of initial exploration, when we plan to select a variety of target regions for sustained observations for periods
of up to a few days. A variety of observing sequences (with different spectral raster sizes, and
different balances between telemetry from slit-jaw
and spectral data) are explored, using information
from the phases 1-3 described above.
F.2.4.4 Normal Operations
Normal operations, including science planning
and instrument operational control, guest investigators, and science data analysis, both within the
core team and the external solar community, are
discussed in §E.6.2 & E.6.3, and §F.7.
South Atlantic Anomaly (SAA) Passage. TRACE
and Hinode operate while passing through the
SAA in orbits very similar to that of IRIS. During
SAA passages, none of the instruments or spacecraft subsystems are turned off. The only effect of
the SAA is numerous particle tracks on the CCD
images, which compromise their scientific value.
The IRIS exposures are shorter than that of
TRACE, typically by a factor of 10 or more.
Therefore, the number of bad pixels will be much
less than TRACE. IRIS uses a weaker compression scheme than TRACE and therefore the associated telemetry increase when compressing bad
pixels is not as significant. Often the scientific
value of the continuity requires observing through
every SAA; the compromised images can optionally be cleaned up (despiked) during processing to
make Level 1 data products. IRIS operates in the
same way, with options to pause observing during
SAA.
Special and Contingency Operations. Once per
week, the IRIS spacecraft may be rolled at any
angles up to ±90º for observations up to 5 hours
(Ref. §E3.7). The SC roll will be handled
autonomously without intervention from the FOT.
In Phase B, a study will be conducted to understand how the X-band view to the station and link
margin changes, to assess how it is reduced or degraded in quality. The S-band link is nearly a full
hemisphere in coverage and its link margin will
not be affected by SC roll angles. The C&DH data
storage buffer is sized for high cadence observing
up to 5 hours; therefore, the data buffer will be
emptied prior to rolled observations.
Flight software modifications, if necessary on
orbit, are planned well in advance and are subject
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to the same rigorous development and verification
process (Ref. §F.10) as used prior to launch. This
process is described in §F.7.2.1, under “Hardware/Software Testbed.” Instrument software
loads often require a CPU reboot or power cycle
of instrument systems. Spacecraft software loads
may require commanding the ACS to a lower safe
mode and a similar re-boot of the IAU. Uplinks
and associated operations occur during real-time
passes and are supported by local LM subsystem
engineers as needed. Calibrations outside of
L&EO are handled via command timeline yet occasionally require real-time commanding and
support of LM engineers.
F.2.4.5 Extended Operations
The IRIS Project proposes a Science Enhancement Option (Ref. §E7), extending the mission by 2 years upon completion of the nominal 2year mission. Consequently, the IRIS Observatory
is designed for 4 years lifetime as a goal. It is anticipated that the hardware used for IRIS is robust
enough to support operations of 10 years or more,
similar to TRACE performance. The IRIS orbit,
assuming a nominal injection, meets the baseline
science requirement (8 months per year of eclipsefree observing) until year 11 when a second
eclipse season is encountered. Provided the science value is high, the team will continue to propose for future years.
F.2.4.6 Mission Termination
The Decommissioning Plan will be generated
in Phase E. Data analyses will be completed, and
science and other technical data will be permanently archived per contractual direction. Government owned property will be dispositioned,
finances settled and the contract will be closed.
IRIS will be put into ACS safe mode and the
battery set to its lowest charge mode; not much
more can be done for this simple single string
spacecraft. The IRIS orbit has been selected (Ref.
§F.2.2.2) to allow re-entry 25 years after the
nominal mission lifetime concludes; the orbital
debris generated is summarized in Appendix M6.
F.2.5 COMMUNICATIONS NETWORK
IRIS utilizes existing NASA GN communications networks; see §F.3.9 and §F.7.2.3.
F.2.6 TRADE STUDIES PERFORMED AND
PLANNED
Table F.2-3 identifies some of the major trade
studies conducted in Phase A. Included are those
trades for the Spacecraft, Instrument and for Mission Operations; additional performance studies
and tasks accomplished in Phase A are addressed
in §F.3, §F.4, and §F.7. Two trade studies have
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Table F.2-3 IRIS Phase A Trade Studies and Plans for Phase B.
Trade Study
HW/SW Testbed

Single EGSE system
for development, I&T
and operations
Orbit Optimization
Optimization of ACS
and Component
Selection
Instrument Image
Quality
Trade Study
Mission Planning
System Selection
Flight Dynamics
functions in the MOC

Phase A Trade Studies
The combined needs to the Instrument, SC, GDS development efforts were assessed to
eliminate redundant GSE and simulators. A spacecraft simulator for the instrument and GDS
were eliminated by adopting the SDO 1553 standard allowing SDO GSE hardware re-use.
The integration timeline was assessed to allow early Instrument - SC I/F testing, and GDS
use of the HW/SW testbed for Operations testing and simulations.
The Integrated Test and Operations System (ITOS) is selected to provide a common
command and telemetry console (EGSE). ASSIST was eliminated from the ARC Ops
Center; the Broadreach EGSE system was eliminated from SC C&DH development; the
LMSAL EGSE was eliminated from Instrument development. ITOS S/W is free and is
familiar as it is used for TRACE Mission Operations.
A detailed study (Ref. §F.2.2.1) was conducted to investigate the effects of launch
dispersion errors on the baseline orbit. The new orbit eliminates needs for Pegasus HAPS
or on-board propulsion system.
The gyro system has been removed, a Digital Sun Sensor was added, and the Coarse Sun
Sensor and Magnetometer locations were improved. IRIS relies on the instrument Guide
Telescope for science pointing and star trackers to maintain roll; therefore gyros were
redundant and expendable.
Mathematical model of IRIS overall image quality was created (Ref. §F.4.1). The model
was used to establish budget allocations for the optics and jitter. The modulation transfer
function (MTF) was selected as our resolution metric, as it better describes IRIS
performance (Ref. §F.4.2).
Phase B Trade Studies Planned
The capabilities and implementation cost of the Mission Planning System will be studied vs.
modifying the Science Planning Tool to build the CCSDS command load (Ref. §F.7.4.1).
A study will consider performing the routine, on-orbit flight dynamics functions at ARC after
initial orbit acquisition using STK (Satellite Tool Kit). (Ref. §F.7.2.3)

been identified for Phase B, a selection of a Mission Planning system for operations and possible
transfer of routine Flight Dynamics responsibility
to the Mission Ops Center
F.2.7 INNOVATIVE FEATURES TO
MINIMIZE COST
The IRIS Project implements the following
features to minimize cost:
• The European Space Agency (ESA) and Norwegian Space Council (NSC) have provided letters of endorsement for the IRIS Mission. The
estimated financial contribution is 1.5 MEuros
(~ $1.95M) and is provided to the IRIS mission
as station passes at the Svalbard ground station.
• IRIS Project has received a letter of commitment from the NASA Heliophysics Projects Division and concurrence from the Solar Dynamics Observatory (SDO) Program Office for the
transfer and re-use of the SDO mission
hardware
• The Instrument utilizes AIA hardware designs
where possible in the telescope design. Over
80% of the instrument software is re-used without modification. The SDO 1553 data bus and

•

•
•
•
•

•

CCSDS standards will be implemented on IRIS
to minimize changes to instrument flight code
and ground data processing code.
The Spacecraft Integrated Avionics Unit (IAU)
combines the C&DH and Power Distribution in
one electronics component, simplifying harnessing, volume requirement, power and mass.
The Spacecraft ACS design is a gyro-less subsystem hence reducing HW and SW costs.
The Spacecraft Mechanical design utilizes 8
similar modules for the toroid, reducing
cost/complexity and providing easy I&T access.
A Single HW/SW Testbed verifies hardware
and software for IRIS and provides the simulation capability for Mission Ops testing.
The Project approach to processing and archiving IRIS data is to take advantage of the existing in-house infrastructure at LMSAL and
LSJU, and tools developed for the Hinode and
SDO missions.
LM process and procedures are tailored to be
consistent with the development of a Class D
mission.
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