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JEM-EUSO experiment

Ciel: Identifikacia zdrojov vysoko-
energetickych castic kozmického ziarenia

Kolaboracia zahfha 16 krajin a skoro 90
inStitacii
(TUKE clen od roku 2015)

Pozorovanie atmosferickych spfSok z obeznej
drahy pomocou fluorescencného detektora

Detektor

pozoruje oblast s polomerom 380 km, 4.5 x 105 km?
(ISS orbit, nadir), 1 bod odpoveda 0.56 x 0.56 km?

Priestorové rozlisenie 320 000 obrazovych bodov

Temporalne rozlisenie 2.5 us = 1 Gate Time Unit

(GTU).

Intenzita obrazového bodu pocet pulzov
produkovanych fotomultiplikatorom za 1 GTU.
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Obr. 2: Plocha pozorovanad JEM-EUSO
detektorom (side-cut verzia).



EUSO-SPB

e Start 24. aprila 2017

» predpokladana dlzka letu 50 dni, pokus o
100 dnovy rekordny let

e pad balénu po 12 dnoch

* detektor fungoval az do padu do oceanu

dobre

* prebieha analyza dat
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Hl'adanie sprsok v EUSO-SPB datach

* Datach z letu — prvotny ciel bol
redukovat mnozinu na zaujimavé
udalosti

 Data z pozemnych testov detektora v
Utahu — sprsky simulované laserom

e Simulované data s redlnym pozadim —
vyuzité pre vyhodnocovanie metdd

* Cisty signal — kontrola metéd, priprava
,0znacenej mnoziny"
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Obr. 5: Priklad simulovanej atmosfericke;
sprsky pozorovanej detektorom EUSO-SPB.

Obr. 4: Draha letu EUSO-SPB.
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Identifikacia udalosti (,,eventov”) na zaklade kontinualnej pritomnosti
signalu spastaca

Samotny signal spastaca automaticky neznamena, Ze bola pozorovana
sprska

Spuastac (L1 trigger) produkuje signal ak v skupine pixelov pretrvava
signal dlhsie ako stanoveny limit
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Obr. 6: Priklad simulovanej spfsky. Obr. 7: Priklad udalosti v datach z letu 5



Spracovanie dat /

. . Klasifikidcia zdznamov
extrakcia priznakov

|dentifikacia ,eventov"

Sprska — zjednodusene cCiara

Hl'adanie Ciar vyuzitim Houghovej transformacie — hypotéza: velkost klastorov v
Houghovom priestore opisuje pravdepodobnost existencie spisky (Ciary) v datach
umozhujiac jednoducha klasifikaciu

Dal3ie extrahované parametere — vel'kost a pocet klastrov, priemerné intenzity,
pozicie Ciar, orientacia Ciar, ... (aktualna verzia celkovo viac ako 5000)

0Lines selected from max_values _arr (98.0% of maximum peak)
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Obr. 8: Hoghova transformacia - priklad.



Metoda analyzy dat

| e y Spracovanie dat | e
|Identifikacia , eventov P . . / ‘ Klasifikacia zaznamov
| extrakcia priznakov

Predspracovanie

o Klasifikdcia — manualna (SQL poziadavky) alebo vyuzitim
strojového ucenia

* Predchadzajlca verzia algritmu s manualnym / intuitivnym
postupom bola =75% efektivna (detekovatelné simulované

spisky)

e Aktudlne prebieha praca na klasifikacii vyuzitim strojového
ucenia (MLP, Boosted Decsion Tree, ...), praca na dobre;
trénovace] mnozine

Obr. 6: Priklad simulovanej spfsky. Obr. 7: Priklad udalosti v datach z letu f



Priklad manualneho vyberu

Obmedzena dlzka udalost;i
Obmedzeny pocet pixelov aktivovujacich spastac

num_gtu BETWEEN 14 AND 40
AND num_triggered_pixels BETWEEN 10 AND 150

-

AND abs(gtu_in_packet - 40) <= 10

AND (abs(gtu_y_hough__peak_thr2_avg_phi) > 0.084 OR abs(gtu_x_hough__peak_thr2_avg_phi) > 0.084)
AND (abs(gtu_y_hough__peak_thr3_avg_phi) NOT BETWEEN 1.48353 AND 1.65806 OR

abs(gtu_x_hough__peak_thr3_avg_phi) NO

Aspon jedna z projekcii GTU-X a GTU-Y musi
¢ obsahovat naklonend ciaru

(((trigg_gtu_x_hough__peak_thri__max_cluster_counts_sum_width
<= 35 AND trigg_x_y_hough__peak_thri__max_cluster_counts_sum_width <= 45)

<=

50 AND trigg_gtu_x_hough__dbscan_num_cluste

OR (trigg_gtu_x_hough__peak_thri__max_cluster_counts_sum_width <= 35 AND ((trigg_gtu_y “-=-" ~-=' *b-t —- “Temsoo —oes - A o~ boonh dboooo mem lemdooo choss dbod AN AR eof oo ok boomh ool wbon moe Slemke s monmks o
45) AND trigg_x_y_hough__peak_thri__max_cluster_counts_sum_width <= 45)
OR (trigg_gtu_x_hough__peak_thri__max_cluster_counts_sum_width <= 35 AND trigg_gtu_y_h
OR trigg_x_y_hough__peak_thri__max_cluster_counts_sum_width <= 50))
OR (trigg_gtu_x_hough__peak_thri__max_cluster_counts_sum_width <= 15 AND trigg_gtu_y_h
OR (trigg_gtu_x_hough__peak_thri__max_cluster_counts_sum_width <= 15 AND trigg_x_y_hou O b d L =7 k bl t' k | h | H h N t
OR (trigg_gtu_y_hough__peak_thri__max_cluster_counts_sum_width <= 15 AND trigg_x_y_hou me Zena Slr a O aS I O O O VrC O a V Oug OVOm prles Ore
) , ~= . ~
(rozsah naklonu ciar) a obmedzenie poctu vrcholov.

( -«

(((gtu_y_hough__dbscan_num_clusters_above_thrl = 1 AND gtu_y_hough__peak_thri__max_clu
x_y_hough__peak_thri__max_cluster_counts_sum_width <= 40)

OR (gtu_y_hough__peak_thri__max_cluster_counts_sum_width <= 35 AND ((gtu_x_hough__dbsc
x_y_hough__peak_thri__max_cluster_counts_sum_width <= 40)

OR (gtu_y_hough__peak_thri__max_cluster_counts_sum_width
x_y_hough__peak_thri__max_cluster_counts_sum_width <= 50))

Rézne podmienky pre pixely aktivujice spistac a vsetky pixely.

<= 35 AND gtu_x_hough__peak_t

OR (gtu_x_hough__peak_thri__max_cluster_counts_sum_width
OR (gtu_x_hough__peak_thri__max_cluster_counts_sum_width
OR (gtu_y_hough__peak_thri__max_cluster_counts_sum_width

<= 15 AND gtu_y_hough__peak_t
<= 15 AND x_y_hough__peak_thr
<= 15 AND x_y_hough__peak_thri__max_ctuster _counts_sum_wiatn <= ¢cu)

AND ( <

(trigg_gtu_y_hough__dbscan_num_clusters_above_thrl < 4 AND trigg_gtu_x_hough__dbscan_num_clusters_above_thrl < 4 AND trigg_x_y_hough__dbscan_num_clusters_above_thrl < 6)
OR (trigg_gtu_y_hough__dbscan_num_clusters_above_thrl < 4 AND trigg_gtu_x_hough__dbscan_num_clusters_above_thri < 5 AND trigg_x_y_hough__dbscan_num_clusters_above_thrl < 4)
OR (trigg_gtu_y_hough__dbscan_num_clusters_above_thrl < 5 AND trigg_gtu_x_hough__dbscan_num_clusters_above_thi

OR (trigg_gtu_y_hough__dbscan_num_clusters_above_thrl < 2 AND trigg_gtu_x_hough__dbscan_num_clusters_above_thr

OR (trigg_gtu_y_hough__dbscan_num_clusters_above_thrl < 2 AND trigg_x_y_hough__dbscan_num_clusters_above_thri

OR (trigg_gtu_x_hough__dbscan_num_clusters_above_thrl < 2 AND trigg_x_y_hough__dbscan_num_clusters_above_thri

Obmednie poctu vrcholov / klastrov v Houghovom

priestore.

AND gtu_y_hough__dbscan_num_clusters_above_thrl < 4 AND gtu_x_hough__dbscan_num_clusters_above_thrl < 4 AND x_y_hc

AND (
(trigg_gtu_y_hough__dbscan_num_clusters_above_thr2 < 3 AND trigg_gtu_x_hough__dbscan_num_clusters_above_thr2 <«

OR (trigg_gtu_y_hough__dbscan_num_clusters_above_thr2 < 3 AND
OR (trigg_gtu_y_hough__dbscan_num_clusters_above_thr2 < 5 AND
OR (trigg_gtu_y_hough__dbscan_num_clusters_above_thr2 < 2 AND
OR (trigg_gtu_y_hough__dbscan_num_clusters_above_thr2 < 2 AND
OR (trigg_gtu_x_hough__dbscan_num_clusters_above_thr2 < 2 AND

AND (

trigg_gtu_x_hough__dbscan_num_clusters_above_thr
trigg_gtu_x_hough__dbscan_num_clusters_above_thr
trigg_gtu_x_hough__dbscan_num_clusters_above_thr
trigg_x_y_hough__dbscan_num_clusters_above_thr2
trigg_x_y_hough__dbscan_num_clusters_above_thr2 < 2)

-

(gtu_y_hough__dbscan_num_clusters_above_thr2 < 3 AND gtu_x_hough__dbscan_num_clusters_above_thr2 < 3 AND x_y_hough__dbscan_num_clusters_above_thr2 < 5)
OR (gtu_y_hough__dbscan_num_clusters_above_thr2 < 3 AND gtu_x_hough__dbscan_num_clusters_above_thr2 < 4 AND x_y_hough__dbscan_num_clusters_above_thr2 < 3)
OR (gtu_y_hough__dbscan_num_clusters_above_thr2 < 4 AND gtu_x_hough__dbscan_num_clusters_above_thr2 < 3 AND x_y_hough__dbscan_num_clusters_above_thr2 < 3)

(precise values and parameters depend on used method)



y [pixel]

Priklady analyzovanych dat

Obr. 9: Rozpoznané spisky na detektore simulované

laserom (intenzita lasera sa znizuje zlava)
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Obr. 10: ,Falosna sprska™ zapriCinend nizko-energetickou casticou
prelietajicou cez detektor (spravne rozpoznana algoritmom)
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Obr. 11: ,Falosné pozitivne” klasifikacie



Efektivita postupu

Podiel poctu vybranych sprsok ku vsetkym sprskam, ktoré by aktivovali spuastac
a boli mimo “problematickej’ casti detektora.
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Zaver

Metdda extrakcie priznakov umoznuje jednoduchi
parametrizaciu zaznamov

Mozna aj manualna klasifikacia (na zaklade predpokladov
spiske) na datach, ktoré by mali byt rozpoznané detektorom

Problémy vznikaja pri pripadoch ,malo viditelnych a
kratkych” sprsok

Komplikovanejsie pripady vyzZaduja strojové ucenie (na
priznakoch)

Buducnost pre klasifikaciu a rekonstrukciu — konvolucné
neuronoveé siete, trénovanie priamo na pixeloch obrazu

11
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Metdody segmentacie sprsky

Vylepsenie presnosti rekonstrukcie
UHECR skrz presnejsi vyber pixelov
sprsky.

Pokus o odstranenie limitacie
presnosti rekonstrukcie UHECR
sposobenej segmentaciou pixelov.

Preverenie, ze aktualny proces
rekonstrukcie neignoruje podstatné
informacie vyuzitelné pri rekonstrukcii,
ktoré zaroven nie si stratené v sume.

Navrh metdd prispdsobujicich sa
meniacej sa intenzite UV pozadia.

+Nova expozicia” bude vyuzita pre
vyhodnotenie algoritmov

Testovanie metdd na datach
z EUSO-SPB experimentu.
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Obr. 7:

LI e ) . e, B, .., 0 .29 . .. 0.
Only signals, true count >= 2
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Porovnanie rekonstrukcie uhla pre rézne metédy
segmentacie.
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