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NASA PANDORA PROJECT

NASA Pandora Project

Welcome to the NASA Pandora project, part of the Pandonia Global Network. This
project uses spectroscopy to study ultraviolet (UV) and visible wavelengths of light to
determine the composition of the atmosphere and its interactions with Earth's
environment.

The Pandora Spectrometer System was designed to specifically look at levels of ozone,
nitrogen dioxide and formaldehyde in the atmosphere. What makes the Pandora unique
from other ground-based networks at NASA is that it can measure total column profiles,
observing different layers of the atmosphere at once.

Goals of the Pandora Project
« To develop high-quality, low-cost spectrometer systems with research-grade
performance.

To deploy and distribute a network of systems to measure air quality and validate
satellite retrievals.
To develop a database of total column atmospheric profiles on a worldwide scale.

Connect communities with standardized data products to support their research
goals.

The Pandora Instrument

Pictured above is the most recent model of the Pandora being tested at the Mauna Loa
Observatory in Hawaii. Before the system is sent off on scientific field campaigns, it is
calibrated and tested in the lab at GSFC. The team ensures that all parts of the system
are working properly by monitoring its performance.



https://pandora.gsfc.nasa.gov/index.html
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O3 is a atmospheric gas that absorbs UV radiation from the Sun, thus protects living organisms on
Earth.
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A MINIATURE SPECTROMETER

Specs

&) Finger-tip size: 20.1 x 12.5 x 10.1 mm
=1 Weight: 59

=1 Spectral response range: 340 to 780 nm
=1 Spectral resolution: 15 nm max.

=) Hermetic package: High reliability against humidity

Optical component layout

Besides a CMOS image sensor chip integrated with an optical slit by etching
technology, the C12666MA employs a reflective concave blazed grating formed
by nanoimprint. In addition, the glass used in the light path of the previous
C10988MA-01 is not used in the C12666MA, making it extremely compact.

Structure
High-sensitivity
CMOS linear image
sensor with slit

Inddent light
\ | Input slit

Hollow

Reflective concave blazed
grating / Grating chip

Previous product
C10988MA-01

CMOS linear image sensor with a slit |
[Incident light side (back of chip)]

\
\CMOS chip

HAMAMATSU

PHOTON IS OUR BUSINESS

[ Micro series }

Mini-spectrometer

C12666MA

Finger-tip size, ultra-compact spectrometer head
integrating MEMS and image sensor technologies

The C12666MA is an ultra-compact (Finger-tip size) spectrometer head developed based on our MEMS and image sensor
technologies. The adoption of a newly designed optical system has achieved a remarkably small size, less than half the vol-
ume of the previous mini-spectrometer MS series (C10988MA-01). In addition, the employment of hermetic packaging has

improved humidity resistance.

This product is suitable for integration into a variety of devices, such as integration into printers and hand-held color
monitoring devices that require color management. It is also suitable for applications that collaborate with portable

devices, such as smartphones and tablets.

== Connection example

USB cable
A9160
(sold separately)

Detection source

o

f Mini-spectrometer
> /\;,C12666MA (sold separately)

\/Se‘nsor board

Mini-spectrometer
C14465-03

evaluation circuit
C14465-10

Breakout Board




PROGRAMMING: HOW TO GET IT GOING?

Code available for programming

Program Flow spectrometer

groupgets / ¢12880ma

® Leonardo

Projects 0

1 branch

Clunk Master 5000


https://store.arduino.cc/usa/leonardo

Start pulse Start pu \se
No connection
Gain Image sensor: Gain setting
End of scan Sensor scan end signal

1
2
3
4
5
6
7
8
9

== Pin connections
Make electrical connections to an external circuit using leads.
i ! | Name Description
Supply voltage Image sensor power supply: 5V
i [ Video output Video output signal
| Ground - Sensor ground
[ Clock pulse Sensor scan sync signal
| Case Caqe ronna_t\on terminal
o i
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*$* Poor quality

Can we improve it¢
Pixel resolution is a limiter: only have 288 pixels
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i What to use?

Processing 3

Python?
Labview?




Display

LABVIEW

Wavelength Calibration and Creation

Collect the data during this while loop.
Wavelength Values
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. . . . Micro Spectrometer Calibration Trials
Calibration Error, Linear Wavelength Correction P

y=1.0174x-11.157
R*=0.9968

Hg and He data collected with

Hamamatsu micro-spectrometer.

Accepted Value (nm)
Intensity (a.u.)

X = the data point number

350
300
quelength error down to 1.22 3000 350.0 400.0 450.0 5000 550.0 600.0 650.0 700.0 750.0 800.0
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nm standard deviation and 1.42

nm rms. Calibration Correction, Quadratic Wavelength Correction

Now precise enough for proper

y =-0.0027x% + 2.8277x + 301.55
R*=1

application.
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\ODESIGN CONSTRUCTION

Master Assembly

Tight fit design for ease of use and light interference. O/

Early models were quite large

Final Weight: approx. 94 g ‘

®* The Lid

The Base







COLLIMATORS  * Various models for different purposes
\

Internal Bevels help to collimate light

O

Pin-hole design for solar spectrum: Sensitivity

Revolution about z-axis
Finding the optimal design for solar observation




W E H AV E S P E CT R A ! Solar Spectrum: Taken with Mini-Spectrometer

* Able to capture solar spectrum

with new collimator design.

* Tried different optical density
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Compare to other
spectrometer
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Wavelength (nm)



BASIC PRINCIPLE
BEHIND METHOD
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* Looking at the difference between the theoretical solar

spectrum and measured spectrum caused by absorption of trace SOLAR SPECTRUM
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https://winsco.com/product/solar-spectrum-chart/
https://www.extremetech.com/extreme/167878-every-color-of-the-suns-rainbow-why-are-there-so-many-missing
https://commons.wikimedia.org/wiki/File:Solar_Spectrum.png
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METHOD Take spectra shot: one direct Sun, one off angle.

Take corresponding picture for comparison

Burn Spectrum 10:07 am
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CONTROLLED BURN PROGRESSION DATA

Normalized Burn Spectrum 10 am ‘ i Burn Spectrum 10:02 am

Normalized Burn Spectrum 9:50 am

| ‘,g“‘ M
iy "\

[

i
:,:‘w { [ 4'.5

Looking for trends
Compare to normal
solar spectrum
Evaluate method

Normalized Burn Spectrum 10:07 am Normalized Controlled Burn 10:11 am
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QO ERLAY:
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REGULAR SOLAR SPECTRUM & BURN SPECTRUM

Normalized Controlled Burn 10:11 am
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FUTURE APPLICATIONS

® Develop a more user-friendly interface

®* Data logging capability

® Could possibly be mounted on the camera system, providing a direct

correlation between images and spectra.

®* What would we gain from flight¢
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