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Imaging the NYC Lightscape

Remote, Persistent, Synoptic

view from Hoboken, NJ

Manhattan Westside
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Hyperspectral Imaging

Instrumentation

Middleton Spectral Vision

Specim V10E
vertical slit (30um) aperture spectrograph

range: 0.4-1.1um
resolution: 0.72 x 10%um (fwhm)

\

Imperx B1621 camera (mono)
KAI-02050 CCD image sensor

pixel size: 5.5 um deployment setup
sensor format: 8.98 mm x 6.78 mm ’
resolution: 1600 x 1200 pixels
frame rate: 42 fps
1600
vertical
pixels
. _
~"

848 spectral channels
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Hyperspectral Imaging

Instrumentation
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Hyperspectral Imaging

InStrU mentation scan duration: 76 sec
size: 8.1 G
75 x 35 deg?

Middleton Spectral Vision

Specim V10E
vertical slit (30um) aperture spectrograph

range: 0.4-1.1um
resolution: 0.72 x 10%um (fwhm)

Imperx B1621 camera (mono)
KAI-02050 CCD image sensor

pixel size: 5.5 um deployment setup
sensor format: 8.98 mm x 6.78 mm
resolution: 1600 x 1200 pixels
frame rate: 42 fps
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Hyperspectral Imaging

Cleaned Data

) M T T
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848 spectral channels

1600
vertical
pixels

3,196
horizontal
pixels

reduced spectra

04 05 06 07 08 09 10

A /'um

hyperspectral imaging
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( Hyper Spectral Observations:

e 25 consecutive nights
e one scan every 6 min
e from 21hto 05h

k e 2,000 scans

~

imaging




H y pe rs pe Ct ra I S u rvey “A Hyperspectral Survey of New York City Lighting Technology”

Dobler, Ghandehari, Koonin & Sharma
Manhattan, 2013 Sensors, vol.16 no12, 2016 DOI:10.3390/516122047

New York City Lighting Technologies

High T LED T Fluorescent T Metal | LED ! LED
| Pressure : . Halide : -
Sodium

intensity [arb units]

wavelength [range: 0.4-1.0 microns]
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https://doi.org/10.3390/s16122047

Hyperspectral Survey

Brooklyn, 2017

Lamp Spectral Power Distribution Database

courtesy of Johanne Roby (CEGEP Sherbrook, QC)

Brooklyn view (south facing)
~ SO R www.Ispdd.com

° lab-measured spectral distributions of 254 light types
BLACK-Comet spectrometer (StellarNet)

\ / 0.4 0.5 0.6 0.7 0.8 0.9

wavelength: A/ um
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http://www.lspdd.com

Identifying Sources

reduced intensity 5()\) — m |::> 5
oA z

integrated intensity [()\) = / d\ 5(,\)
stack of 10 cleaned scan '

Detecting Dim Lights

reduced intensity

04 05 06 07 08 0.9 10

A /'um

reduced intensity

0.4 05 0.6 0.7 0.8 0.9 10
. . . Al um
integrated intensity [ log scaled ] Julien Baur, CUSP UO 07/14



Source Detection i

Selection “ 5.
O.
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Supervised Classifier
Sample Split

667 training set

Brooklyn (South pointing)

333 testing set
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Supervised Classifier

Training
all 848 spectral channels
435 - 1,008 nm
3_
2 667 training set
W\ 1 . .
; 0 POy training (learning features)
‘ ‘ (o} (o}
(@)
_1 o
0.4 0.5 0.6 0.7 0.8 0.9 1.0 ( o) Oo o (@)
A/ um 0.0 O (o} OO
Brooklyn (South pointing) 00
O© 0%0

Support Vector Machines
(S.V.M.)

Cortes & Vapnik (1995) "Support-vector networks"
Machine Learning. 20 (3): 273-297
doi:10.1007/BF00994018.

333 testing set
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https://en.wikipedia.org/wiki/Corinna_Cortes
https://en.wikipedia.org/wiki/Machine_Learning_(journal)
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1007%2FBF00994018

Supervised Classifier

Classification

all 848 spectral channels
435-1,008 nm

667 training set

0.4 0.5 0.6 0.7 0.8 0.9 1.0 (

A /.um

Brooklyn (South pointing)

Support Vector Machines
(S.V.M.)

Cortes & Vapnik (1995) "Support-vector networks"
Machine Learning. 20 (3): 273-297
doi:10.1007/BF00994018.

classification test

333 testing set
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Supervised Classifier

Classification

all 848 spectral channels
435-1,008 nm

667 training set

0.4 0.5 0.6 0.7 0.8 0.9 1.0 (

A /.um

Brooklyn (South pointing)

Support Vector Machines

(S.V.M.)
o Cortes & Vapnik (1995) "Support-vector networks"
o (o] Machine Learning. 20 (3): 273-297
Oo (o) OO doi:10.1007/BF00994018.
> 950
ove i .
o classification test

333 testing set
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https://en.wikipedia.org/wiki/Corinna_Cortes
https://en.wikipedia.org/wiki/Machine_Learning_(journal)
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1007%2FBF00994018

Supervised Classifier

Performance
all 848 spectral channels
435 - 1,008 nm
> n Test on samples 100 tests, shuffle
2 667 training set
848 features
a L X (all 2)
0 0O o
© o o accuracy
-1 o) score 97.4 % (x0.7)
0.4 0.5 0.6 0.7 0.8 0.9 1.0 ( °) OO S (o)
Al um 000 (o] Oo false ® 0.5 % (x0.4)
Brooklyn (South pointing) OOO
o~o false® | 21% o7
x 100
(o]
(0] g fo}
¢~ Lo B Labelling full cube 5.1 x10° pixels
> 950
o ¢ cputime | 1,960 sec
o

333 testing set
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Supervised Classifier

Performance
‘VIS’ band

‘NIR’ band

435 - 640 nm

900 - 1,008 nm

W

0.4 ‘ 0.5 0.6 0.7 0.8 0.9 1.0

Al um
12
1.0
in VIS band
0.8
0:0 sources
%]
=

integrated intensity

I\ = / dr sV ‘%.

_o0.41 In NIR band

1o -08 -06 -04 —02 00 02
INR

667 training set

333 testing set

@ Testonsamples

100 tests, shuffle

848 features 2 features
(all 4) (VIS - NIR)
aceuracy | 974 9% o7 | 96.2% os)
score
false ©® 0.5 % (x0.4) 0.7 % (x0.4)
false © 2.1 % (x0.7) 3.1 % (£0.9)

6 Labelling full cube

5.1 x10° pixels

cpu time

(1 core) 1,960 sec

1,60 sec
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Transferability

Brooklyn (South pointing)

Manhattan (North pointing)

667 training set

333 testing set

@ Testonsamples

100 tests, shuffle

848 features 2 features
(all 4) (VIS - NIR)
accuracy
score 96.2 % (+0.4) 93.8 % (£ 0.9)
false ® 0.4 % (+0.2) 0.2 % (0.1)
false © 3.3% (05) 6.0 % (+0.6)
6 Labelling full cube  2.5x10° pixels
cpu time
(1 core) 1,460 sec 29 sec
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Transferability

Brooklyn (South pointing)

848 wavelengths

stack of 10 scans

| 0.395 - 1.008 microns

external deployment

summer night

)

872 wavelengths

0.400 - 1.030 microns

singular 30-s scan

internal deployment

late fall night

J

@ Testonsamples

100 tests, shuffle

848 features 2 features
(all 4) (VIS - NIR)

accuracy

score 96.2 % (+0.4) 93.8 % (£ 0.9)
false ® 0.4 % (+0.2) 0.2 % (0.1)
false © 3.3% (05) 6.0 % (+0.6)

6 Labelling full cube  2.5x10° pixels

cpu time

(1 core) 1,460 sec 29 sec
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Next Step

Technology Penetration & Time Series

co-added source mask
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wavelength: A/ um
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Thank You

for your attention

@ email julien.baur@nyu.edu
@ UO website https://cuspuo.org
) Twitter @CUSPUO

@ CUSP website http://cusp.nyu.edu/
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