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Motivation
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Neural Networks - I
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input 4

output 1

hidden 1input hidden 2 output

𝑦𝑖+1 = 𝐴 (𝑊𝑖𝑥𝑖 + 𝑏𝑖)
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Neural Networks - I
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Neural Networks - I

input 1

input 2

input 3

input 4

output 1

hidden 1input hidden 2 output

𝑦3 = 𝐴 (𝑊2𝑥2 + 𝑏2)
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Neural Networks - I

layer

(
𝑦0
⋮
𝑦4
) = 𝐴[(

𝑤00 ⋯ 𝑤03
⋮ ⋱ ⋮

𝑤40 ⋯ 𝑤43

)(
𝑥0
⋮
𝑥3
) + (

𝑏0
⋮
𝑏4
)]

e.g. 𝐴 = max (0, 𝑥), 𝐴 = tanh (𝑥)

parallelizable

framework: keras on top of tensorflow

NN𝑆 (𝑏)

other parameters

𝑓𝜇
WCD level
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Neural Networks - II

Convolutional Neural Network (CNN)
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Data preparation

Napoli Library (r2v9p5)

̂𝑆(p) (𝑡𝑖)

𝜃, 𝑟 , 𝑆tot, …

𝑡r, 𝑓0.5, …

≡ 𝑋h = {𝑋h,f, 𝑋h,v, 𝑋h,t}

𝑋 (t)

𝑋 (a)

𝑋 (f)

𝑓𝜇 ≡
PE𝜇

∑𝑥 PE𝑥

≡ 𝑦h

input output

𝑋𝑞 (QGSJ-II.04)

45%
5%

50%

3604075 samples

𝑋𝑒 (EPOS-LHC)

3714117 samples

100%

cuts: no low-gain sat. traces

45:5:50 / training:validation:test
̂𝑆(p) ∈ [0, 1]; 𝑋 (a), 𝑋 (f) standardized

taken from Offline, feature engineered
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Reference models - I

{𝑋 (a), 𝑋 (f)}

{𝑥0, 𝑥1, 𝑥2, . . .}

𝑦 = ∑𝑖 𝑐𝑖𝑓
(𝑘,𝑙)
𝑖 (𝑥0, 𝑥1, …)

𝑦 = 𝑀 (𝑘)
𝑅 (𝑥0, 𝑥1, …)

selection (𝑙 inputs)

transformation

least-squares fit

no validation used

Definition:

𝑓 (𝑘,𝑙)
𝑖 (𝑥0, …) ≡ (𝑥0)

𝑏0𝑖 (𝑥1)
𝑏1𝑖 … , 𝑘 ≥ ∑𝑗 𝑏𝑗𝑖

e.g. 𝑓 (2,2)
1 = 𝑥0, 𝑓

(2,2)
3 = 𝑥20 , 𝑓

(2,2)
4 = 𝑥0𝑥1

𝑀 (𝑘)
𝑅

num of {𝑐0, …} = (𝑘+𝑙𝑘 )

∼ Shallow NN

∼ one hidden layer
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Reference models - II

selection process
{𝑋 (𝑎), 𝑋 (𝑓 )}

𝑖 ∶

𝑗 ∶

⋮

𝑀 (0)
𝑅 𝑀 (1)

𝑅
… 𝑀 (𝑘)

𝑅 𝑀 (𝑘+1)
𝑅

⋮ ⋮ ⋱ ⋮

𝑀 (𝑘)
𝑅𝑀 (0)

𝑅
… …

drop 𝑥𝑖

(𝑘+𝑙𝑘 ) > 1000

{𝑋 (𝑎), 𝑋 (𝑓 )}

{𝑋 (𝑓 )}

𝑀 (𝑘)
𝑅,1 ≡ 𝑀1

𝑀 (𝑘′)
𝑅,2 ≡ 𝑀2

𝑀 (𝑘)
𝑅,1 : 𝑘′ = 3, 𝑙 = 11

𝑀 (𝑘′)
𝑅,2 : 𝑘 = 3, 𝑙 = 16

highly subjective (!)
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Preliminary results - I

𝑀1 𝑀2 C1 C2 C3 C4 R1 R2 R3 R4
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Preliminary result - II
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Preliminary result - II
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Preliminary result - III
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Outlook

Preliminary results

trace only is ‘surprisingly’ good

avg. trace is comparable to three traces

RNN beats CNN
?
⇒ global beats local

Outlook
bagging?

stacking?

SSD and UUB (!)
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Performance
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Effect of cuts

Basics Comparison Verification of Granada-NN results

Steffen Hahn, Supvs. Prof. Dr. {Ralph Engel, Brian Wundheiler}, Dr. Markus Roth – SD DL analysis September 22, 2019 14/14



Effect of cuts
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Additional parameters

From Offline
SdRecShower:Zenith, SdRecShower:ZenithError, SdRecStation:SPDistance,
SdRecStation:SPDistanceError, SdRecStation:TotalSignal, SdRecStation:TotalSignalError,
SdRecStation:SignalStartSlot, SdRecStation:SignalEndSlot, SdRecStation:TimeNSecond,
SdRecStation:FallTime, SdRecStation:RiseTime

Feature engineered
value of trace peak, 𝑓0.05, 𝑓0.50, 𝑓5.00, 𝑝0

𝑓𝑥 = ∑𝑆(𝑡)Θ (𝑆(𝑡) > 𝑥) , 𝑝0 = ⟨𝑆⟩2 / ⟨𝑆2⟩
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Performance
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