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Non-negative matrix factorization (NMF) - Overview @Fﬂ]
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e A background model V is a low-rank S component
representation of a list of benign spectral bins (index ) (index 1)
measurements X — - —
o Model selection with AIC -
% spectral bins (index j)
e Non-negativity constraint allows for a ES -
physically intuitive understanding [1] ;g X > Al - I: V :I
e Detection: Difference between fit % rows are components (v)
successes : S
o Negative Log Likelihood loss between "L . -
background, background + template _ \/.
o ThreShO|d esﬁmo_l_ed Chi'quOred rows are spectra (x;) weights matrix a;j,
distribution 1e6 Model Selection

e |dentification: Maximum loss statistic when =

alarm is tfriggered 9 %]
o  Which template improved the fit the 204
Most? -

1 2 3 a 5
# of Components
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Previous Work- Background Models For Aerial Systems ‘:JF e
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(] Mobile Detectors Nal detector data from Aerial Measurement System (AMS) at Lake Mohave, NV
o Traverse several environments in a T ] | | o
. — fit a = NMF comp 0
single run N ;(\ _‘ — i | §20000] complii
. @ \ by f —— NMFcomp2 3 g 15000
S \, Efeand, A5 ©
o Complex and evolving g f S £ 100
backgrounds - . ' 8 50001
@) Future work, RADAI, “Adopﬂve” 5 O 5 1 B 20 25 » »
N M F Ad Time since start (s)
8 5 e
§ 0 I_mJL ;."_n[}] Wl nnp"‘t..u_rﬂ,ﬂ—.u u.—.ﬂLr'_'n I’lu_‘ n‘_‘_'nu e £
0 500 1000 1500 2000 2500 3000
Energy (keV)

e Static Detectors
o Expect stable background . decreases first
environments, with some variability * “Nearby terrestrial” decreases later 2
] . “"Radon/cosmics/aircraft” remains Opproxmo’rely constant =S
due to hardware gain shifts and

atmospheric fluctuations

o A few components, simple Mobile Nal (12 detectors)
. Integration fime =1s
background and rain FAR = 1/8 hours
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https://doi.org/10.1109/TNS.2020.2978798

Previous Work- Background Models For Static Sys’rems@éﬁ e
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What does ‘rain” look like in these

modelse 101 _ meanlmeasuremtlent 3
. e . - component 0
e Characteristic gamma energies for component 1
. 0
“rgin component” 10
e Characteristic count rate trend >
~ 107!
Rn-226 Progeny Lines 3 ooz
Static Nal (Not AWE) = 3
Pb-2]4 Integration Time = 5s a g g § %§ E E
1073} N B8 B E I8 g =
- 242.0keV Rg ¢ ¢ ¢ %% o L
- 2952keV 52 3 3 3 88 BY &% 25
- 352keV 0 500 1000 1500 2000 2500 3000
Energy (keV)
Bi-214
2000} o et
- 60%eV — Bi-214 g 1500
- 1120.3keV — Bi-214
- 1764keV —Bi-214
500
0

6 12 18 24 30 36
Time since 2022-05-20 09:00:00-0500 (hours)
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https://arxiv.org/abs/2304.01336

Previous Work- Multi-Sensor Correlations -
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Can other real-world features be captured by
NMF2e

e Work from 2019 demonstrated correlations
between NMF components and semantic
features from video

e Helps pave the way for multi-sensor
contextual scene data fusion
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Previous Work- Improved Detection ) oo
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e Work from 2019 demonstrating improved
performance using NMF over PCA, ROI Mobile Nal

. Standoff =20 m
algorithms Infegration time = 1's

FAR = 1/8 hours

Anomaly Detection Performance

Example: Mobile Nal Detector 1.00
- - Input Spectrum 0.75 1 1333
5] — Background Fit )

10 ~~ '3%BaSource Template 0 0501 NMF
o~ Background plus '*Bd| z PCA
~ . =
< I Fit 8 0.25
o) it I o
= | M o
T 0N H > 0.00
3 T =

= 137
i i = 0751 Cs
1 ! o]
100 i ‘ : ; : € 0.501

500 1000 1500 2000 2500 3000 &

0.251
Energy (keV) — - — Known-background limits

0.00

25 50 75 100 125 150 175 200
Source Activity (uCi)
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https://doi.org/10.1109/TNS.2019.2907267

Analysis of AWE SIGMA
Challenge Data
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Data Quality ) <o

digiBASE-RH 15307402

10_17 00-10_18 00 10_2500-10_26 00

: . 425600 ks
739407 ' ‘ 430607
744415 : 435615
749423 S 440622
754430 ' 445629
759438 | = 450637
764445 ' 455645
7694531 | 460652

© 7744611} . 465659

= 779468 S 470667
784476 , . 475990
789484 480998
794491 ~ 486006
799499 : 491013
805832 5 496021
810840 = 501029

815847 = 506036
511044
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Data Quality ) )

e Proxy calibration Upper Bins Gross Count Rate (500s Integration)

measurement: fa —— 16347599

o look at gross counts in | 16354445
— 17004107

upper bins —— 17004109
400001 —— 17004116

e Some notable gain shifts EREEm. —— 17004119

@t e g-r,m«r«;;»,]»n Nl Anropvipel oy

| W | W YW
Y ” L1

30000 -

Counts

e Diurnal trends

20000 o

o DOTO Wl” ﬂeed TO be ! ) i ‘Wi.bﬁwﬂfvii#ﬂ-‘y‘w"'"N“'N‘;w?&:ﬁll‘i—ﬁ-'”‘-‘“’»"‘-‘vv“'!4‘,w"" hb LA
calibrated to use NMF |

10000 -
T T
IS IS IS ) ) SIS IS} Q <) Q ) ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
o Q [s] S s} S S O (s} S S S [s] S o (=) o o o (=] o (=] o S
S~y © N © N ©9o ¥ 9 Y O ¥ O y 9 ¥ O ¥y 9 0y 9 ¥ 9
2R L ¥ Oy & N R Oy & Y & f B &¥ & & ¥ 5 & & 5
S o & & & 99 S S S S S 9 S 8N S S S 8 N N N AN
SO S S S S S @ ~ ~ ~ &y by . ~ L By ~ ~ By ~ By ~ ~
. 33 3 3 3 3 3 3 3 3 3 3 <] <} ~ ~ ~ ~ ~ ~ ~ ~ ~ ~
COHC'USlon' S~ S S I S S 3 S S S I S S S SRS S S CH S S S
© ) o © o
: § § 7§ 5§ ¢ ¢ 8§ § 5 7
~' ~ =~ oy Ny o~ N N N o
~ ~ ~ ~ ~ ~ ~ ~ ~ ~

- Nal datais generally stable Da
- WIll need further calibration
to run NMF optimally
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Background Models = Mﬁ

digiBASE-RH 15307402

2018-10-06 00_00_00+0000 - 2018-10-07 00_00_00+0000 2018-10-06 00_00_00+0000 - 2018-10-07 00_00_00+0000
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I
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8 S ‘
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digiBASE-RH 15307402

2018-10-06 00_00_00+0000 - 2018-10-07 00_00_00+0000 2018-10-06 00_00_00+0000 - 2018-10-07 00_00_00+0000
1400 1 1400 1
1300 1 1300 1
12004 12004
2 2
€ 1100 € 1100
o o
o o
«» 1000 «»n 1000
a a
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digiBASE-RH15307402

e Sometimes rain produces enough
'I' | Orloblll'l'y 'I'ho'l' a NMF model o 2018-11-01 01_00_00+0000 - 2018-11-02 01_00_00+0000 5
spectral v
with two components is preferable o
. 1600 1
according to our AIC i 2
S 1400
é 1200
= 1000+ Pt
800
600 1 ! ! : ; 7 " : : )
D()eS .I.he neW Componen.l. ShOW .I.he 40000 50000 60000 70000 time?ggoo 90000 100000 110000 +1_5];121(;%00
expected characteristic lines? = aEsier
500 - K-40 ¢ Ir-192 F-18
e Cs-137 1 Ra-226 v Tc-99m
66 + Ba-133 4 Th-232 vy [-131
% 300 A
’_‘: 200
1001
ol
40000 50000 60000 70000 80000 90000 100000 110000 120000
time (hr) +1.541e9
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Adaptive NMF Components t=1541074261.399

10-1
]
w1072
: Before 5
Rn-226 Progeny Lines S 10-3
Pb-214: 10-+ L , . | | | | | | | | |
0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750
- 242.0keV Energy (keV)
- 295.2keV N Adaptive NMF Components t=1541076064.136
. » 1072 2
Bi-214 During £ 1| YRRl AL o Rn-226/Progeny
S 10-3 ~
- 609%eV — Bi-214 f\/\\/\/\
- 1120.3keV — Bi-214 1041 e | 3 | [ , | e |
- 1764keV —Bi-214 0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750
1 Adaptive NMF Components t=1541076665.04
— 7
With this in mind, what p 107
do results look like? After 8,
107

0 250 500 750 1000 1250 1500 1750 2000 2250 2500 2750
Energy (keV)
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Interesting Medicals

- Anomaly encounters aggregated from 5 detectors over ~3 months

Observations likely associated with individuals in receipt of nuclear
medical procedures

- Distributions are generally consistent with previous analysis of statfic
detectors in (US) urban environments
- Individual detector distributions may reveal finer ‘pattern-of-life’

iInformation
F-18 Tc-99m
140 A 35
60 1
120 A
,,,,, o 50 1
100 A
40
o 80 ] ¥ ; €
g o \ ; N 530
20 O " - =N ) 3 10 1
o b T ks | %
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Broader Uses of Analysis @‘F sl
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e Can serve as a performance baseline to
judge other detection/identification
algorithms if adjudications are made
available

e Example of performance in unrestricted
urban environment

e NMF framework allows operators to visually
assess alarms and background variability

October 9™ 2023
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Comments on Dataset @F/ﬁ]

Main Takeaways: Future Avenues for Development

Labeled source encounters
Calibrated data

Large and interesting real-world data set!
e Nal datais fairly stable, though improved

calibration required for optimal performance Scrubbed data

of NMF techniques Injectable source encounters for range of
e Variety of relevant detector locations such isotopes

as hospitals and high-density tourist /cultural

sites provide rich avenues for investigation
e Potential for network science methods with

simultaneous nodes
e Weather events provide engaging

spectroscopic challenges

October 9™ 2023 18
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Previous Work- Improved Interpretability i) e
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e Work from 2020 highlights improved
physical interpretation of NMF over NASVD Mobile Nal (12 detectors)

o Data taken from 12 Nal detectors Integration time =1 s
FAR = 1/8 hours

—— mean measurement

1 —— mean measurement
component 0 i
{ component 0 component 0
component 1 |
10! | component 1 component 1
component 2 1
10t 4 component 2 component 2
component 3 1
10° component 4
£ 2
2 > s
> v 10°
g 107 [ i <
£ i € g
5 ¥ 3 3
8 ORI Y1014 S 10
{ i
10t |
J 10 "g 1072}
-10° i i
! t
0 500 1000 1500 2000 2500 5560 0 500 1000 i 1raot:k . 2000 2500 3000 0 500 1000 & 1{500k 5 2000 2500 3000
Energy (keV) ergy (ke' nergy (ke'
~ A -\ component 0 x 0.1 & e > — gross counts
\ il T 4 £\ EAmiBGnATET ™ 4 ™M > 25000 4 M. —— component 0
2000 ) M/ component 2 / _ component 1
g : ‘ LA component 3 J & 20000 component 2
&) [ il t component 4 | I O
< 10004 i % ]
] | | ‘ £ 15000 4 A ? . )
< & y \ y M "
e = ! \
=4 c
S 3 10000 A v
° ) /
] { ) | 1 4 \ j | ©
~1000 4 il " f 5000
0 500 1000 1500 2000 0 500 1000 1500 2000
Index for 2 Hz spectra Index for 2 Hz spectra
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Meteorological Rain sensor
. . . Sensors
. Developing static sensor network in urban
Chicago, US to fest infelligent networked B or e N
contextual detector systems
Jd_eo (t:c_msr‘a
o Hardware: / ' e
m 2"x4"x16" Nal detectors with dar
temperature-correction hardware - 64 beams

m  5MP 30hz Video, é64-beam LIDAR with 90° - veremet
vertical FOV, microphone,
rain/humidity/pressure sensors, two Nvidia
edge computers

—|\

2x4x16" Nal(Tl) Detector
- custom housing
- variable angle

o Node Level: 5 uCi 137Cs source, FAR = 1/8 hours
m  Spectral data continuously calibrated with a 1.00 -
set of templates for single isotopes, series, .00 _Zifv".;k?‘.’.‘ie";ep.m/————-—

cosmics o e
m Detection and Identification performed with 0.75 o — netvork: coor
modlﬂed NMF network: traffic only

=== array

o Cloud Level (in development):

Total Detection
Probability
o
w
o

m  NMF refitting, contextual data fusion, object 0.25 1
re-detection, stafistically informed source T | oo T e
tracking 0.00 A

0 50 100 150 200
Network size
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Data Quality- Non-Plateau Spikes &)

Upper Bins Gross Count Rate (500s Integration)

* Alarm ¥ —— 15307402 }1200
60000 -
L1000
50000 - =
1800 U
: .
S 40000 - * 1600 =
o & &
Q) * E
La00 <
L 200
L0
11/19 01-11/20 01 11/20 01-11/21 01 11/21 01-11/22 01 11/22 01-11/23 01

Day

23
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Example Analysis of AWE SIGMA Challenge Data < e

BERKELEY LAB

2018-12-07 01_00_00+0000 - 2018-12-08 01_00_00+0000

e NMFis tfrained on subset of 2000
apparently background data from 52D
second or third day
FAR set at 1/8hrs

e Adaptive NMF refit every 600 spectra

(10mins, at collection rate 1Hz) 1506 I

150000 160000 170000 180000 190000 200000 210000 220000 230000
time (s) +1.544e9

Gross Counts
w
S
o
=

N N
o w
(=] [=]
o (=]

Adaptive NMF

Primarily basic (Ba-133, Ir-192) and medical

isotopes observed (Co-57, F-18, Tc-99m) 1000- L
g 600 1
Example: Detector 15307402 8
| P [T I

150000 160000 170000 180000 190000 200000 210000 220000 230000
time (s) +1.544e9
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Example Analysis of AWE SIGMA Challenge Data

t=1544195965: F-18
Adaptive NMF

1200 ¢ v Co-57
10001 + Ba-133
e F-18
o 800 - v Tc-99m
@ 600
£
E 4001
@
® 200 M
e NI
—200 A T
150000 160000 170000 180000 190000 200000 210000 220000 230000
time (hr) +1.544e9
1024 —— Mean Background
—— Maximum Alarming Encounter Spectra
---- Mean Spectra of Encounter
10* 4 ---- F-18 Source Template
2
g v 175 X4
o 10°4 v
(@] 5|
1
1
10715 i
i
i
1072 T :

0 150 300 450 600 750 900 1050 1200 1350 1500 1650 1800 1950 2100 2250 2400 2550 2700
Energy (keV)
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Example Analysis of AWE SIGMA Challenge Dafa e
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t=1544204841: Ba-133
Adaptive NMF

1200 1 v Co-57
1000 - + Ba-133
« F-18
o 800 A v  Tc-99m
@ 600
£
E 400+
©
® 2001 !
ol TR
—200 - T
150000 160000 170000 180000 190000 200000 210000 220000 230000
time (hr) +1.544e9
102 B
—— Mean Background
—— Maximum Alarming Encounter Spectra
1014 ---- Mean Spectra of Encounter
---- Ba-133 Source Template
4
5 1004 N
S \
10—1 o
102 T F

0 150 300 450 600 750 900 1050 1200 1350 1500 1650 1800 1950 2100 2250 2400 2550 2700
Energy (keV)
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Example Analysis of AWE SIGMA Challenge Data &

t=1544209582: Tc-99m
Adaptive NMF

1200 1 v Co-57
10001 + Ba-133
e F-18
o 800 A v Tc-99m
@ 600
£
E 4001
©
® 200 M
e NI
—200 A T
150000 160000 170000 180000 190000 200000 210000 220000 230000
time (hr) +1.544e9
102 4 —— Mean Background
—— Maximum Alarming Encounter Spectra
. ---- Mean Spectra of Encounter
1074 ---- Tc-99m Source Template
" 4
r 4
g 10°+ i
€ 1 1
1 1
1 I 1
1 I 1
10714 i i i
1 I 1
1 I 1
1 | 1
i i i
102 T ! | i I

0 150 300 450 600 750 900 1050 1200 1350 1500 1650 1800 1950 2100 2250 2400 2550 2700
Energy (keV)
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