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WHAT DO WE MEASURE?

❖Atmosniffer ❖ Mini-MSA ❖Ozonesonde

o O3

o NO2

https://harbor.weber.edu/

o Sea salt

o Volcanic ash

o Particle Counter

https://www.vectorstock.com/royalty-free-vector/layers-of-the-atmosphere-vector-10500995

https://sciencestruck.com/atmosphere-layers-in-order

https://harbor.weber.edu/
https://www.vectorstock.com/royalty-free-vector/layers-of-the-atmosphere-vector-10500995
https://sciencestruck.com/atmosphere-layers-in-order


NASA PANDORA PROJECT

https://pandora.gsfc.nasa.gov//index.html

https://pandora.gsfc.nasa.gov/index.html


INITIAL GOAL: MEASUREMENT OF O3  (OZONE)

• O3 is a atmospheric gas that absorbs UV radiation from the Sun, thus protects living organisms on 

Earth.

• Specific Wavelengths

• Expensive single purpose LEDS

• Limitation: One gas (ozone)

• Thus, alternate approach

• Take-aways: Total column measurement

• Integrated optics to processor concept.

Forrest MIMs MicroTop II



A MINIATURE SPECTROMETER

Specs

Breakout Board



PROGRAMMING: HOW TO GET IT GOING?

• Leonardo

Clunk Master 5000

Code available for programming 

spectrometer

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

Program Flow

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


GRAPHICAL DISPLAY

❖Poor quality

Can we improve it? 

Pixel resolution is a limiter: only have 288 pixels

What to use?

Python? 

Labview?



LABVIEW

Display



CALIBRATION TO 
KNOWN SPECTRAL 
LINES

• Hg and He data collected with 

Hamamatsu micro-spectrometer.

• X = the data point number

• Wavelength error down to 1.22 

nm standard deviation and 1.42 

nm rms.

• Now precise enough for proper 

application.



EMISSION SPECTRA
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DESIGN CONSTRUCTION

• The Lid

The Base

Master Assembly

Tight fit design for ease of use and light interference.

Early models were quite large

Final Weight: approx. 94 g



DESIGN PROCESS



COLLIMATORS • Various models for different purposes

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

Internal Bevels help to collimate light

Pin-hole design for solar spectrum: Sensitivity



WE HAVE SPECTRA!

• Able to capture solar spectrum 

with new collimator design.

• Tried different optical density 

filters, to no avail.

Compare to other

spectrometer



BASIC PRINCIPLE 
BEHIND METHOD

• Looking at the difference between the theoretical solar 

spectrum and measured spectrum caused by absorption of trace 

gas species.

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

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


CONTROLLED BURN



METHOD

• Setup

Take spectra shot: one direct Sun, one off angle. 

Take corresponding picture for comparison



CONTROLLED BURN PROGRESSION DATA

Looking for trends

Compare to normal 

solar spectrum

Evaluate method



OVERLAY: REGULAR SOLAR SPECTRUM & BURN SPECTRUM
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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?



CONCLUSION

• Developed a method for solar spectrum analysis

• Designed and constructed a miniature spectrometer

• Need to develop massive data processing technique
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