Status of clustering

Ben Carls



Status as of last update

« Employing fuzzy clustering, followed by
merging of nearby clusters

* Using Hough line finder to identify tracks,
spin off into new clusters

* Vetoed Hough lines on isolation criteria,
this resulted in too many good lines getting
vetoed



The older method of dealing with Hough lines in electron showers

. = Hough line finder
WE E identifies lines in electron
E = showers, need to veto
e 3 Examining area around
- ) = lines and checking
3 E isolation, applying a cut
wE = This cut is applied after
W = the lines have been
3 = merged
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Showers with Hough lines
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Hough line finder very
effective at finding lines in
showers

Now aiming to capitalize
on this, merging Hough
lines together to construct
showers

Merge Hough lines using
the distance between the
line segments and angle
between slopes < 20°
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The fuzzy cluster remnants

The issue remains with
what to do with the left
over fuzzy cluster points

Currently merging these
points into the nearest
Hough line segment
using:

distance point to line segment
weighted =

length of line segment

Goal is to give longer line
segments more weight
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Overview of the algorithm
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Fuzzy and Hough line clustering Cluster cheater



J0 4580 A As0 L 0 450 R M0 L)
T T T T T T T T T T
. o N o - = oo ~—oaa - " -
. I . =
—— e — = - —
1 1 1 L A : 1 1 1 1 A 1=
i) A0 il a0 i) TAD Rl ROl A0 il &0 il TAD o0

T T T T T T T T T I ———_— T T T T =

' " -

1 1 1 1 1 1 1 _— 1 1 1 1 1 1 1 =

— T T T T T T T LA B S S S B B R | L e s B S . s s S S B B S S S

: E U T =

. a - . 3 . a .
L - - 3 " - -
" | 1 | 1 " = 1 ! 1 | 1 =
R A0 [ GAD ) LI A0 il [ T
il _

EArSaft s;) ] LArSoft ‘S) é
Run: 110 0.6 Run: 110 0.6
Event: 4 0.4 Event: 4 04
UTC Thu Jan 1, 197({) 2 UTC Thu Jan 1, 197(0:2

00:00:0.020000000 0. + e -e e . o 00:00:0.020000000 0. -t o —e i - b=

Gcks ke

Fuzzy and Hough line clustering Cluster cheater

10



2400 L e e S e T I e e e e e e e e e B LI B e e e e e e e B E [y T T T T T T T T T
2000 — —] 200 f— - —
- - L - -
PRI LY S— — 1800 e - —
1000 f— — 1000 f— - —
o0 — — oo p—
- 1 1 1 1 | 1 . 1 = P PR | PR PEPEPUE B B P PP B
) o0 £ w0 100 HUN 1200 w0 HU 0
T T T T T T T =] T T
——rte -
- x =
. —
PP U SR RS R R U BRI — 1 1
LI e B B L R S S S S B B B RN B B S S S B B S B N S R B H | — T T T T T T 7T
AL - - -
10 .
1400 - .
1200
1000
N - -
0 - -
1 1 1 L | 1 PR R
[N 0N EIKH] £ T T [N T £ [0 T I

i1 . . . . . . _
LArSoft 0.8 LArSoft 55) é

Run: 10 g(, Run: 110 06

Event: 5 0.4 Event: 5 0‘ 4

UTC Thu Jan 1, 197(() 2 UTC Thu Jan 1, 197(() 2

00:00:0.025000000 () | - s i o - e 00:00:0.025000000 () . : , . :

T [eckn] L v iy T T Thr Ly

Fuzzy and Hough line clustering Cluster cheater

11



00:00:0.040000000 | i J = =

400 o 0 1000 1200 1400 1600 1800

1500
1400
1300

1200

oo

1530

1300
1430
1400
1180

1240 L 1 1 1 1 1 1 1

I|Il|||l||||

L - [ o0 T T T

o o0 120 140
- - - - {
{ ArSoft é LArSoft :-'
Run. 10 i E\L::m 180
Event: & d
UTC Thu Jan 1, 197¢ (L)J(ICU:UT(;“; :033010.0},907(

Tér T Tir YT

t [kl

Rand Lad T Eiid T Y
t[ecks|

Fuzzy and Hough line clustering Cluster cheater

12



480 A0 S50 0 &0 0 A0 0

240

)
paLLL T T T T T T T T

1600
1400
1200
1000
0
0
400

20

a0 i) &30 6]

2

2000

180

10

1400

1200

0

400

200

1 1
L) EST) [ (5] [0 [ [T ) T T

| ArSoft 5;)

Run: 10

Event: & 8
0O

UTC Thu Jan 1, 197
(0:00.0.045000000

ol il bbbl lud

Fuzzy and Hough line clustering

t[Gcks|

LArSoft

Event: &
UTC Thu Jan 1, 1971

00:00.0.045000000

Cluster cheater

13

"0 40 )
T T T
- L
&30 i)
T T
1 1 o
——T — T
.
~—
| I I R L~ I |
AL LTI ) S [ o) Ha) i ] T4 T
Run: 10 0.6
0.2
0. ~ — - — - e




Hough transform performance

* Quality Hough lines are very dependent on
resolution in the accumulator

* Low resolution (fast) has a higher fake rate
than a higher resolution (slow)

 |deally would run at low resolution, with
fake veto
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Hough transform performance

10,000 @ bins (6 min.)

Compare to 37 minutes (5,000 4 bins) for original Hough transform code 15



Next steps

Finish optimization

Streamline code, might be too many
unnecessary classes and functions

Examine more events (only CCQE so far)
to improve robustness

Finalize the needed modules
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Hough transform

Use the parameterization: \/ \ |/
cost r WAPN
sin@ sin@ ——
Angle | Dist,
5, |8
Fill a matrix (accumulator) in (r,60)
150 0.4

space with:

r(@)=x,-cosf+y, sinf
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Back up

18



Where clustering was

» Want to finalize clustering occurring right
after hit reconstruction

 Lots of tools already available (e.qg.

DBSCAN, Hough line finder, and End
Point Finder)

* Goal is to bring them all together
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The basic algorithm
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Initialize U=[uy;] matrix, u?

At k-step: calculate the centers vectors c® =[c;] with 4%
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Number of clusters

The number of clusters needs to be given as an
Input

The Xie-Beni index gives us a way to evaluate
how well a certain cluster number works

le,. x?—l S:A::1 U, ). x, — ¢y

ming ¢ | 2

2

Cl. — Cy

Does not work with single cluster events by definition,
we’ll get to that later
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There is a problem with the Xie-Beni Index though
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s

Look to merge clusters sing Euclidean distance
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Look for point in cluster i closest to centroid in cluster |
Compare that point to the point in the cluster j closest
to centroid of cluster i

Merge the clusters
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Now look for Hough lines and expand them into clusters
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Merging the Hough lines

Pick a line and check at
its end points

-“|
4

If a nearby line is found,
check the angle between
the slopes

If the angle between the
slopes is < 30°, merge
the lines
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