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Outline

Overview of project

— Project status summary

* Reguirements and sensitivity analysis results
— NO, sengitivity analysis results
— S0O,/0; sengitivity
— Signal-to-noise calculations and spatial resolution
— Summary of sensitivity analysis

e Hardware status review
— Filter array design
— Wide-field optics design
— Detector system status

o Costs summary
* Project schedule
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Concept overview

» Usedevelopment of stable interference filters to design compact, low cost imaging filter

radiometer.

* Improve on state-of-the-art through careful selection of filter channels.

» High quality imaging system + CCD will enable high spatial resolution measurements of

atmospheric trace gases.

« Demonstration instrument will target retrievals of NO,, O, SO,, and UV

reflectivity/aerosol studies.

Concept study and
requirements analysis

Heritage measurements
TOM S/GOi/I E

New technology
Filters/Focal plane arrays
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Compact, low cost
Instrument design

Lab demonstration
Hardware evaluation

|

Refine design

|

Engineering model/Validation




Project Status Summary

* Reguirements analysis milestone compl ete.

— A requirements analysis was completed to define the performance characteristics
needed for hardware specifications.

« Hardware procurement and fabrication is underway.

— Procurement/Fabrication is currently underway for all sub-systems.
* Detector
» Telescope
» Filter/FPA holder

— Sub-systems integration is expected to begin in late October.

« STAAC Support

— Instrument manager and systems engineering support is being coordinated by
STAAC to assist in integration and evaluation of hardware.

— Further GSFC AETD/STAAC support will be explored.
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Requirements Analysis: NO, sensitivity analysisresults

e God:

Maximize sensitivity and stability of predicted NO, retrievalsusing a
finite set of wavelengths.
Apply results of analysisto set constraints on instrument properties such
as.

» Filter and optical performance.

» Throughput (for signal-to-noise ratio)

» Detector specifications.

e Method
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|. Pair retrievals using Fritz peak data.
I1. Multi-spectral retrievals using synthetic data and inputs from GOME.

Maximize sensitivity by varying number, position and/or bandwidth of
measurement channels.

Apply selection criteria.
Evaluate constraints on system.




NO2 wavelength selection
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Best pair derivation using Fritz peak data
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Minimum retrievable NO, amountsusing > 2 channels
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Additional NO2 analysis

channel difference (null pairs)

0.0002

2 ’ Null pair selection was made to
a0t allow test of instrumental effects.
R best Null NO - pairs Retrievals with this pair will yield

425 - 455 nm N

v Instrument noise floor.
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2 The effects of using different
T temperature cross sections was
oomos | ) T : looked at. The net error in retrievals
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238K - 293K was only +/- 5%
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Null pair cross section difference.
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SO,/04 Sensitivities

* Useratio of SO, to O, cross sections to determine candidate wavelengths.

o Limited at short wavelength side by Rayleigh scattering and telescope
transmission.

e Linear calculations show minimum retrievable concentrations of ~0.5 DU.

e (Ozone contamination implies full radiative transfer calculations need to be
performed. These will be included in the end-of-phase report.

8/18/99
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Signal-to-noiseratio calculations

o Senditivity analysis assumed noise contribution (typical of GOME radiances)
equivalent to tau=.0005 or S'N=2000

» Useexpected radiances and cal culate instrument throughput to estimate signal-
to-noise ratio under typical viewing conditions.
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Achievable spatial resolutions
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» Expected signal-to-noise and ground pixel resolution of strip filter array using
instrument throughput estimate and sample lighting conditions.

« Spatial oversampling = 40
 Signal-to-noise > 2000 achievable on 5km ground scale for NO,, Ring, and

some O, wavelengths.
 Signal-to-noise > 1000 achievable on 15 km ground scale for SO.,.
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| mplications of results of sensitivity analysis

« Fina performance will be trade-off between ground sample size and
concentration error.

e For S/N of 2000:

Trace gas Min. Amount Resolution
[cm?]

NO, 8el4 < 5km

SO, 1.4e15 <30 km

O3 1.4e15 <10 km

« Theabove results were used to constrain the instrument design, particularly
with respect to the specifications of the filter performance, telescope
performance, and detector performance.
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Filter Arrays

« Two approaches are under investigation

— Requirements analysis defined filter specifications:
* +/- 0.1 nm wavelength accuracy
e < 107out-of-band rejection
e transmission > 40%
e 1 nm bandwidth
— Strip filter method
* Morefully developed and tested technology.
» Spatial oversampling increases signal-to-noise ratio.
* Interna scattering could be an issue.
— Linear variablefilter
» Ableto easily check for wavelength shifts.
»  Wavelength oversampling increases signal-to-noise ratio.
» Vignetting and internal scattering not an issue.
» Not sure that out-of-band and bandpass requirements can be met.

8/18/99
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Strip filter/Linear variablefilter layout

Discrete Linear variable
wavelengths coating

310.7 nm

312.0 nm

313.1 nm

317.4 nm
322.2 nm
329.2 nm
339.9Nm
387.9 nm
393.3Nm
413.4 nm
416.2 nm
426.3 nm
429.6 nm
431.0 nm
432.5 nm
435.1 nm
437.7 nm
439.3 nm

300-350 nm
1-2 nm bandpass
0.1 nm/pixel sampling

YVVY

\ 4

400-450 nm
1-2 nm bandpass
0.1 nm/pixel sampling

Geometry for 18 filters:
1.34 mm x 33 mm filter strips
(56 x 1024 pixels per filter)

8/18/99



Example of NO2 wavelength filter cross section

UV longpass blocking filter

fl f2

A Narrow bandpass filter

Schott B-270
6.2 mm Visible shortpass blocking filter

BGG-22 F/5 vignetted ray
Schott B-270

M 4+—>

1.34 mm Narrow bandpass filter

Front and backside bandpass

coating for internal reflection reduction.
Diffuse edges disperse rays which

are then blocked by backside coating due
to angle of incidence mismatch.

Inter-filter coating
blocks cross-talk
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Optics

e Two approaches investigated
— Regquirements analysis in addition to providing a wide-swath mapping capability
defined the tel escope specifications:
» Spot size < 25 um over spectral range 300-450 nm and field of 63 degrees.
* transmission > 40%
» Telecentric, back-focal length > 50 mm

— Reflective design
» Advantages
— Easier to control ghosts/stray light.
— Possibly more stable vs. multi-lens system.
— Magnification varies with wavelength.
» Disadvantages
— Need at least one, probably two lenses to get adequate spot sizes.
— Tilted focal planeisdifficult to handle.
— Bulky design.
— Refractive desgin
» Advantages
— Excellent image quality.
— Compact.
— Ableto correct for axial color with proper choice of glasses.
» Disadvantages
— Multiple ghosts, needs close attention to AR coatings.

8/18/99
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Refractive Telescope Design

10 cm

£ B i e 90 degree squarefield.
- ; *  Spot sizes< 1 pixel for all
@ WA i wavelengths over full array.
i : « Axid color shift minimized.
Rl e ™ » 0.5% reflection per surface.
°:° o, 'm F i rg.:'-,i? -'~.=n o 'rm; e F/5 system.

FRETALE T 5,575 MIOE ANGLE
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Telescope Details

Different color images co-aligned
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M odulation transfer function
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Simulated grid image at detector

» Field distortion is apparent.

» Distortion will degrade resolution by
~factor of 2 at corners, not significant

when binning pixels.
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Detector System

e Oiriginaly planned to have CODE 553 build custom electronics for donated
Hubble ACS flight spare. Time scale for development of the read-out
electronics for this array was found to be 7-8 months.

o Commercia system will be used to evaluate technique. PixelVision quad-
readout system will be modified to accept filter array mount.
e Regquirements,
— 1024x1024 pixel format, unsealed detector.
— Capable of 2 Hz framerate.
— non-linearity < 1%.
— QE > 25%, 300-450 nm

SpectraVineo Microscory AND IMAGERY TypicaL CAMERA SPECIFICATIONS
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Filter holder design

Adap ter’/

Flate

Pixelvision detector ——
TEC housing
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Project Schedule
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Work Breakdown Structure

CHyMERA
WBS
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rum 4. Instrument
1. Instrument 2 e et 3. Instrument 5. Science
System Test and
Management : ; Development Intesrati Team
Engineering egraton
Project Management *  System Design & 3pec. ¢ Filter Development Measure Filters ¢ Algorithm Dew.
Program Reviews *  Requirements Flowdown L - Btrip Aray Instrument [&T *  Data Validation
Pattz f Qual Assurance *  Interface Control Doc. L - Linear Variable - Bystem [&T ¢ Ins I&T SBupport
Configuration Management | *  Verification and Val. Plan ¢ Detector Development - Instrument I&T
Diata Management *  SystemI&T Plan ¢ CameraDevelopment Instrumnet Calibration
Achedule Management *  Instroment Int. Support ¢ Lens Development Enwirormental Testing
Budget Management *  Thermal Structural and ¢+ Optics Design & Fab Test System Development
Procurement Management Mass Properties Analysis ¢ Electronics Design & Fab (HAR, 30, & Do)
Resources Mlanagement *  DMaterials and Processes ¢ 3Structure Design & Fab
Diocumentation *  Performance Analysis ¢ Softwate Development
*  FRadiation Analysis
+  EMI Compatibilits
Analysis

CHyMERA Work Breakdown Structure (WBS)
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