PENNSTATE

N
w ADVANCING OPTICAL TECHNIQUES FOR

MEASUREMENTS OF ATMOSPHERIC CONSITUENTS

David M. Brown, Adam H. Willitsford, Zhiwen Liu and C. Russell Philbrick

Optical Spectrum of the Atmosphere
(MODTRAN 5)

Wavelength (jum)
0.25 0.5 1.0 2 4 8 16 32

Water
Vapor
Abs P

(%) Spectrum l 1
0 — |

ENO, [10; Mol EEAer @WH,O JCO, EECH, EECO [ THNO, [JCirrus
After Berk and Anderson, 2005




Outline

» Supercontinuum White Light Laser
— Spectrum of Laser

— Application to Remote Detection (DAS) of Water Vapor
« MODTRAN™4 and MODTRAN™ 5

e Measurements of Trace constituents
— Feasibility MWIR-LWIR

e Carbon Monoxide

« PNNL Database comparison
— Nitrogen Oxides

« MODTRAN™ 5 comparison
— Nitrous Oxide

— Example ITT Airborne Lidar



Supercontinuum White Light Laser

Photonic crystal fiber

(Above) Far field pattern of the white

light laser generated in a photonic (From http://www.crystal-fibre.com)
crystal fiber

(Below) The rainbow observed after .

the collimated white light passes Water Vapor Example
through a prism -Extended to minor species

monitoring O3, CO, N20 etc.




White Light Laser Spectrum
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Transmission
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Modtran™ 5 Transmission at the surface 20m pathlength
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Transmittance

MODTRAN 4 Transmittance for 20 m Path
Compared to White Light Experimental Data (Corrected)
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Transmittance

MODTRAN™ 5 Transmission for a 20 m Path Compared to
High Resolution Experimental Data

u_; Mﬂ A : A q P ﬁy/\ ,U 5.6E-09
0.8 4t q VU I V i ‘)“ ’ / 4.6E-09
0.7 o % fq i J ﬁ|1 ﬂw" f J ﬂ /l'f
06 k | J\ d‘* 1\“ JH 'q SR
::j _ H h h 2.6E.09
| d ! V 1 1.6E.09
B | % 1 6E-10
_ Cpemenaitignres |

Wavelength (nm)



Transmittance
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Radiance Observed Looking Down at Noon from 500 m Altitude

Radiance (watts/ster-cm” 2-pun)

Total Background Radiance 500m Altitude
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Applications:
Production and Pollutant Monitoring

 Carbon Oxides

— Monitor Power Companies
« Good measure of energy production and use

* Nitrogen Oxides
— Internal combustion engine use and efficiency

— Small scale Lidar system for engine exhaust
characterization



Detection of Carbon Monoxide

Filtered Radiant Emittance Seen by Camera WITH additional CO present

Integrated Radiant

25 Emittance is 0.71 Wm™=

£ || Difference in Integrated Radiant
Emittance is 0.12 Y™

S
7
T

Ferc. Absarbed is 14.6%
BO0 ppm m plume of CO

e
()|
T

Radiant EmittE||'||:E["u“n-’r1'|'2 Mm'1]l
(] =%

P
- LT
j

1
4 4.1 4.2 43 44 45 4B 47 48 449 5
Wavelength(pm)




Cross Section {mm2 molecule”]

Trace Constituents

1E-18
—— Nitrogen Dioxide (monomer)
—— Nitrogen Dioxide
—— Nitrous Oxide

1E-19 - — Sulfur Dioxide

1E-20 m

1E-21 N‘\

1E-22 - ,

1E-23 -

3.2 34

3.6 3.8 4 42 44 4.6 48 5
Wavelength (pm)

PNNL Infrared Spectral Data Base



Detection of Nitrous Oxide

Downlooking Radiance at 150 m Altitude for
Different Cases of Ground Level N,O

7 O00E-05

6 50E-05 ———

= B.OOE-05

5 50E-05 ~PL

| _.mwmw w'

|
4.00E-05 " i

5 00E-05
— Atmospheric N20

— 50 ppm m plume of N2O at ground

4 50E-05

Radiance W m’ Hm TsR

3.50E-05

300E'05 T T T T T T T
38 3.85 39 395 4 405 4.1 415 4.2

Wavelength (um)

MODTRANT™ 5 downlooking
radiance of Nitrous Oxide



Integrated Atmospheric Absorption from
MODTRAN™ 5

Fercent Absarption As Function of Filter CVY and BMY w/ 80ppm m Plume & Ground
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ITT - ANGEL System

First Commercial
DIAL Lidar
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Potential

C. Grund, S. Shald and S. Stearns, SPIE Proc 5412, 2004.
Murdock and Stearns, NYS Remote Sensing Sym, May 2005



ITT’s ANGEL Service Aircraft:
Computer controlled pointing, scanning and tracking system

Steven V. Stearns, R. Todd Lines, Darryl G. Murdock, Matthew C.
Severski, Dawn D. Lenz, David M. Brown, C. Russell Philbrick



Conclusions

High Resolution of MODTRAN™ 5 (0.1wavenumber) now makes it
possible to resolve minor atmospheric constituents and simulate the
atmospheric influence with realistic line widths. The capability is
particularly important in the design of lidar measurement scenarios.

Coupling white light differential analysis (DAS) and high resolution
MODTRAN™ 5 allows measurements of trace species in the atmosphere —
an initial example of a water vapor band is presented.

Utilizing the mid-infrared spectrum (3 wm-5 wm) along with
MODTRANT™ 5 it is possible to detect and quantify trace constituents in
the atmosphere (Nitrous Oxide, Methane, Sulfur Dioxide, etc.)
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