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Wire-Cell DNN Signal Processing
Reproducing PDHD Baseline model Training
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Dead-channel Augmentation (`scripts/augment_dead_channels.py`)
• Replacing waveforms of randomly chosen channels by gaussian noise(applying new noise RMS)
• Using default configurations

✓ Replaced frame: `frame_loose_lf0` only
✓ Random Seed: 42
✓ Randomly chosen noise factor range: [2, 15] -> New RMS = Noise factor * original RMS

Data Pre-processing (`scripts/build_training_dataset.py`)
• Channel Stacking
• Configurations

✓ Channels: [loose_lf, mp2_roi, mp3_roi]
✓ Rebin factor : 4
✓ Padding: 1 rebinned tick
✓ Threshold for Truth labeling: 150e- (after rebinning)

PDHD Raw Dataset: /nfs/data/1/hnam/train_data_PDHD_fixedbug_separateWC

Q: For 6-channel training [loose_lf, mp2_roi, mp3_roi, tight_lf, decon_charge, gauss],
does dead-channel augmentation apply only to loose_lf, or to all frames except mproi?

To do this, I basically followed the training configuration from the DNNROI paper draft.
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Data Pre-processing (`scripts/train.py & train.sh`)
• Set the number of `epochs = 100` and the other hyperparameters are all default values
• ~ 15min with one GPU in wcgpu1

Wire-Cell DNN Signal Processing
Reproducing PDHD Baseline model Training
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Wire-Cell DNN Signal Processing
Reproducing PDHD Baseline model Training

Training Result with 3 channels
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Wire-Cell DNN Signal Processing
Reproducing PDHD Baseline model Training

To Do
• Training baseline model w/ 6 channels -> First
• Training Teacher models
• Applying Knowledge Distillations
• Also Quantization
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Wire-Cell 3D Imaging & Clustering
Test Metric for Blob Size

Relative Blob Compactness
• Calculate true charge density.
• Normalized by the total true charge.
• Calculate for each blob
• Metrics from Statistical info(mean, std, etc) of the distribution

Considerations
• Relative quantity
• Factors that can affect blob size

• Detector geometry(wire pitch, slice span, etc)
• Track Topology(e.g. isochronous track)
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Wire-Cell 3D Imaging & Clustering
Test Metric for Blob Size
Length 100cm tracks with different thetaXZs

thetaXZ=0
• # of blobs = 849
• Total true charge[-e] = 4.10e+6
• # of blobs w/ zero volume = 0
• # of blobs w/ zero true charge = 188
• mean = 2.735e-8
• std = 4.404e-7

thetaXZ=10
• # of blobs = 99
• Total true charge[-e] = 4.13e+6
• # of blobs w/ zero volume = 0
• # of blobs w/ zero true charge = 0
• mean = 1.129e-6
• std = 9.769e-7

thetaXZ=30
• # of blobs = 159
• Total true charge[-e] = 4.17e+6
• # of blobs w/ zero volume = 0
• # of blobs w/ zero true charge = 0
• mean = 3.762e-6
• std = 5.871e-7

YZ views

https://www.phy.bnl.gov/twister/bee/set/fbaddd6a-957e-488d-a2f1-4c3a0f1bcdd0/event/0/
https://www.phy.bnl.gov/twister/bee/set/fbaddd6a-957e-488d-a2f1-4c3a0f1bcdd0/event/0/
https://www.phy.bnl.gov/twister/bee/set/bda8ad3b-d10e-4614-a3f4-5da50d1c6108/event/0/
https://www.phy.bnl.gov/twister/bee/set/bda8ad3b-d10e-4614-a3f4-5da50d1c6108/event/0/
https://www.phy.bnl.gov/twister/bee/set/9d6ba205-be9a-496d-925a-852731bf3708/event/0/
https://www.phy.bnl.gov/twister/bee/set/9d6ba205-be9a-496d-925a-852731bf3708/event/0/


length = 50cm
• # of blobs = 81
• Total true charge[-e] = 2.06e+6
• # of blobs w/ zero volume = 0
• # of blobs w/ zero true charge = 0
• mean = 7.263e-6
• std = 1.313e-6
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Wire-Cell 3D Imaging & Clustering
Test Metric for Blob Size
ThetaXZ=30deg tracks with different lengths

length = 100cm
• # of blobs = 159
• Total true charge[-e] = 4.17e+6
• # of blobs w/ zero volume = 0
• # of blobs w/ zero true charge = 0
• mean = 3.762e-6
• std = 5.871e-7

XZ views

length = 200cm
• # of blobs = 237
• Total true charge[-e] = 6.34e+6
• # of blobs w/ zero volume = 0
• # of blobs w/ zero true charge = 0
• mean = 1.890e-6
• std = 2.903e-7

https://www.phy.bnl.gov/twister/bee/set/6b884d4e-d9ee-4d87-b602-1e33ea877814/event/0/
https://www.phy.bnl.gov/twister/bee/set/6b884d4e-d9ee-4d87-b602-1e33ea877814/event/0/
https://www.phy.bnl.gov/twister/bee/set/6b884d4e-d9ee-4d87-b602-1e33ea877814/event/0/
https://www.phy.bnl.gov/twister/bee/set/9d6ba205-be9a-496d-925a-852731bf3708/event/0/
https://www.phy.bnl.gov/twister/bee/set/9d6ba205-be9a-496d-925a-852731bf3708/event/0/
https://www.phy.bnl.gov/twister/bee/set/9d6ba205-be9a-496d-925a-852731bf3708/event/0/
https://www.phy.bnl.gov/twister/bee/set/9d6ba205-be9a-496d-925a-852731bf3708/event/0/
https://www.phy.bnl.gov/twister/bee/set/d3b14bea-f5df-4654-9ab3-7e4eb0e9cc12/event/0/
https://www.phy.bnl.gov/twister/bee/set/d3b14bea-f5df-4654-9ab3-7e4eb0e9cc12/event/0/
https://www.phy.bnl.gov/twister/bee/set/d3b14bea-f5df-4654-9ab3-7e4eb0e9cc12/event/0/
https://www.phy.bnl.gov/twister/bee/set/d3b14bea-f5df-4654-9ab3-7e4eb0e9cc12/event/0/
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Wire-Cell 3D Imaging & Clustering
Performance Evaluation with a simple track

For a single long track ( x : 10cm – 320cm)

True ChargeReco blobs

Drift 

Charge thresholds: [0,1000]
thr=0

thr=250

thr=1000



Backup
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Wire-Cell DNN Signal Processing
New DNN Training
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MobileUnetV3 -> Student 
• Light and fast inference Architecture
• High ROI purity & Low ROI efficiency (Need to check)

• Knowledge Distillation
➢ Several Teacher Networks and a Student Network
➢ Student is supervised both by the truth mask and by the teacher’s output
➢ Teacher’s behaviour is transferred into the compact student during training 
➢ Student’s small size and fast inference while gaining accuracy
➢ Distillation cost during the training only

Heavier Architectures -> Teachers
• High ROI efficiency (Need to check)
• Much more parameters & High inference cost



Wire-Cell DNN Signal Processing
New DNN Training
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INT8 Quantization
• Related to the data type of saved parameters and the model size
• 32-bit floating point(FP32) -> 8-bit314integers (INT8) 

➢ Reduces the model file size and memory 
➢ Accelerates CPU inference
➢ Some potential cost in accuracy

Post-training quantization (PTQ)
• Pros: Some memory and speed gain
• Cons: Decreases ROI purity due to the round

Quantization-aware training (QAT)
• Pros: Recovers ROI purity
• Cons: Decreases ROI efficiency decrease

Quantization-aware training with Disllition (QAT-KD)
• Recoveres ROI efficiency
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Wire-Cell DNN Signal Processing
Reproducing PDHD Baseline model Training

/nfs/data/1/yujin/DNN_ROI_SP/scripts/losses.py
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Wire-Cell 3D Imaging & Clustering
Relative Blob Comacptness

Some example cases
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