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Detection of Volcanic Plumes in the _
Thermal Infrared (TIR) - A ¥
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Plume Tracker processing flow

each pixel in RO
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SO, IR Spectra
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Retrieval of ground temperature
and SO,

Find [/7,0] and [O;] column amounts,
and 7, and [SO,] maps that yield
closest matching radiance spectra

L . to observed radiance

Given TIR spectra L ,,, ground altitude,
sensor zenith angle

calc
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Earlier retrieval approaches

Bracketing followed by 1D grid refinement

e Domain Refinement

— Divide 7, [[1,0], [Os],
[SO;] info 10D grids

— Find minimum interval in
I, . Refine grid, then find
minimum again. Repeat
for a total of three passes.

— Perform similar cycle for
gases.

* Viulti-pass optimization
— Perform 1D optimizations
over 7', then gases

— Repeat until successive
iterations do not improve
Tg estimate.
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Algorithmic improvem

e MODTRAN calculation is time-i

individual runs?

ents — Hash table

ntensive; why not save

Key(1) MODTRAN Spectrum(1) |
Key(2) MODTRAN Spectrum(2)
Key(3) MODTRAN Spectrum(3)
Key(4) MODTRAN Spectrum(4)
Key(i) = enith angle][surface elevation][surface temp]

= Unlike ]JJ
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] JLJL,U/JUJ factor][SO; factor]

dnNd construct key as a
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Algorithmic improvements —
Reconstructed radiance

Atmospheric Up-welling radiance (U), Down-welling radiance (D), and

transmittance (t) are independent of ground temperature and emissivity

Run MODTRAN once for £, U, D, and reconstruct L, for each temperature (7.,)

and emissivity (e): -
L..=U teB(l,)t = D(L—¢e)

= Upwelling + Surface Emission + Transmitted Reflected Downwelling

calc

* (Cachet U, Din hash table.

» Re-calculate t, U, D for changes
in plume height, plume
thickness, surface elevation,
SEeNnsor: zenith, or gas
concentration.

= Removing /i frommashikey
Increases hashitableutilization:
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Reconstructed radiance --- is this a
valid approach?
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Algorithmic improvements

* Run Brent optimization over Tg, using scaling

and hash table
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Algorithmic improvements

* Then, run Brent optimization over [SO,], also
using hash table

6 =3.1532°

Radiance




Retrieval Algorithm Performance
(2011 — 2014)

)
m‘ 2 3 Lcalc: U+ eB(Dt
~ ) < + D (1 — e)
Domain R SEEE e Reconstructed
) Brent Brent .
Refinement e e e n e e e s Radiance
(V.2.2.9) Minimization Minimization (V.4.2b)
B (V.3.0) (V.3.2) o
cal:lllso?e:“ 264,398 144,508 58 361 29,485
204 calls/pix 112 calls/pix 45 calls/pix 23 calls/pix
ROI = 1296 pixels ( /Pix) ( /Pix) (: /pix) ( /pix)
No Hash Table 6.4 sec/pix 3.2 sec/pix 1.26 sec/pix 0.61 sec/pix
Hash Table 1.6 sec/pix 0.8 sec/pix 0.16 sec/pix 0.019 sec/pix
Success Rate
Hash Table 77.4 % 77.0% 88.0% 97.8%

Utilization
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Fundamental Issues with MODTRAN GPU

Implementation

MODTRANS is too fast! RON SEQUITUR by ‘Nibzy

— Entire 8-12 [¥]Jm bandpass runs in The secret to life is having

a backup plan to your exit
— The bottleneck cumulative path
iransmittances are not inaepenaent strategy

i
GPUs have been usea to J,)—»—»J Up line- |
py-line (LBL) radiative transfer, but Ax
. f-#::._,,
— LBL transmittances much more amenable d] |
to a GPUimplementation than MIODIRAN j"'.'.' |
DI Q 17 : A/ :
— LBL8-12 (¥jm thermal emission serial run : .-“H Y.
2-5 0rders ol:magnitude slower )fj s
— Adding scattering to LBL increases CPU {
Proc :—:ssmg time by an adaitional two i }
° 9y ' "ll L
orders ofimagnitude /” 'J”‘ 'N' ' ‘f.*,’}s
. e ';. e
BackiUp plansaccelerate based on
A~ -~ c . D R S e
= Radlative transier: o1 \/Jlf“y AV7T. 30 B emenl Lilre, Ll BlNB DR Lk 18T oo NA) - Lo,



Plume Tracker v. 4.2b

For each pixel in RC

Caiculate
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Computational Optimization of

PlumeTracker

* Port entire pixel retrieval from IDL to C++
—F rl]er VErsion requires repeated calls to external
functions jor MIOBDIRAN" set-tp, run'and data
re":r]evals Nd jor creation ana update oif nasnh table
Ume additional time

—
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* Freguent data transfers con
* Prone to:memory allocation errors
— Numerically intensive operations like convolution and
f

nterpolation are faster In compiled language

s Parallelize pixel retrieval
daVantage o multicore CPU=pased hanrdware
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C++ implementation of temperature

and SO, retrievals

Portable, no longer uses Microsoft-based COM technology

e C++11-compliant

* Single IVIODITRAN object encapsulates input variables, aerault
parameters, run function ana output POSt-Processing

C

— Unitorm API'tor MIODITRAN to allow Tor seamiess transition from
VIODIRAN 3 to VIODITRAN'S

— Fortran-like access to 2D and sD arrays
© rlasn tagle Dag2c orjunordered map<long,vector<float>>
= Key typeisiong, DUt canbe CNaNSEGtoN (-l=i-er 24 -1 (o} o > AFNUMOBES
HINPUL parametersincreases; willineed new nasniiunction

o

— sz ofunordered map<keyType,returnType> /=t
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Old versus new hash table




Additional optimizations




Multithreaded parallelization of
pixel retrieval

Strategy.
— Divide ROl among physical nUMBETr: of
Cores
— Use OpenlVIP'te perform retrievailsin
parallel, distrouting pixels among
threaads
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Performance relative to IDL version

e Serial C++ implementation delivers 3x
faster retrieval

e Use of 8 threads increases
performance to ~8x
e Scaling limited by hash table

— Read/write access to hash table is
serialized

— For thread-safety, simultaneous read
and write to hash table needs to be
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prevented;
— However, omp_get lock/
) s 6 omp_set lock mechanism also
Number of threads prevents simultaneous reads, which

are thread-safe
Still need to evaluate effect of thread




Retrieval Algorithm Performance
(2011 — 2014)

cale = U+ eB(Dt
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Summary

signiﬂcarrt Speedups
— Cacning MIODTRANrURS IR nash table IS particularny.
e'ff]cien'z
— Reconstructed radiance by scaling /i, 1ea to 2x fewer
VIODTRAN evaluations
* Port to C++ by Itselif Improved performance by SX
* SOME roem er improvement in parallel
PEOrMance



Backup slides




VValidation |

32 x 32 pixel-ROI

° Embed cg,, = 0.075 at altitude of
2 km, thickness = 1 km

* Use Kilauea data set emissivity, &8
DEIVI and zenitniangle maps {
* (Calculate preadicted at-sensor
Panad radiances using VIODIRAN,
asSsSUMINgG tropical atmosphere

L

* RUnRIUmeNrackeron syrrthetlc
[deiance datarc
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Results for validation test |

Ground temperature error SO, column amount error
distribution distribution
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Results with finer [SO,] bins

Ground temperature error SO, column amount error
distribution distribution
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Validation Il — Direct comparison with

IDL-based Plume Tracker

ROI consists of 27k pixels

1, SO, column amounts
retrievals periormead using
parallel version of C++-based
PLJmf-* Ira r“kﬁr

JJ




Validation II:
Ground temperature

 Maxerrorisat0.26 K

* Mean error,
<abs(DT)> = 0.064

* New PT ground temperature
estimates are on average
slightly higher than those
from current version




Validation II:
SO, column amounts

-2 -1 0 1 2
A SO2 column amount (mg/mz)

Max error of per pixel
estimate is 2.0 mg/m?

Mean error of per-pixel

estimate,
<abs(DSO,)> =0.075 mg/m?



