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If you see this star, it
means it was AI assisted
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Constant Fraction Discriminator (CFD)
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• The time of arrival of a signal is crucially important in applications where timing precision is one of the top priorities:
 Particle tracking
 Time of Flight measurements
 …

• The electrical signals produced by a detector can have different amplitudes
• Different amplitudes can lead to time of arrival error

t t t

Error in the time of arrival
depending on the signal
amplitude if you use a fixed
threshold

No error if the threshold
dinamically changes with 

the signal amplitude

• Constant Fraction Discriminator: electronic circuit used in precision timing applications to overcome this issue
• Its main purpose is to determine precisely the time of arrival of a signal, independently of the input signal's 

amplitude. 

Because different
detected energies
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CFD electronic circuit
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𝐕𝐕𝐢𝐢𝐢𝐢 = 𝐀𝐀 ⋅ 𝐟𝐟 𝐭𝐭
𝐕𝐕𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢𝐢 = 𝜶𝜶𝐀𝐀 ⋅ 𝐟𝐟(𝐭𝐭)
−𝟏𝟏 < 𝜶𝜶 < 𝟎𝟎

𝐕𝐕𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝 = 𝐀𝐀 ⋅ 𝐟𝐟 𝐭𝐭 − 𝐭𝐭𝐝𝐝

𝐕𝐕𝐨𝐨𝐨𝐨𝐨𝐨 = 𝐀𝐀 𝐟𝐟 𝐭𝐭 − 𝐭𝐭𝐝𝐝 − 𝛂𝛂𝛂𝛂 𝐭𝐭

Independentely on the signal amplitude, signals that arrive at the same moment cross the zero point (V = 0) at the same time.
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CFD simulation with LTSpice

03/08

Noise

1. Simulations with many different source signals
 They are assumed to have the same shape
 Random delays and amplitudes
 Addition of white noise
 Vin is fed into the CFD circuit

2. Signal inversion and attenuation
3. Signal delay
4. Signal summation 1

2 3

4

𝐕𝐕𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬 = A ⋅ 1 − e−
t
τr − 1 − e−

t
τf
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CFD simulation with LTSpice
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1. Simulations with many different source signals
 They are assumed to have the same shape
 Random delays and amplitudes
 Addition of white noise
 Vin is fed into the CFD circuit

2. Signal inversion and attenuation
3. Signal delay
4. Signal summation

𝐕𝐕𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬 = A ⋅ 1 − e−
t
τr − 1 − e−

t
τf

1

2

3

4



Time of Arrival: Constant Fraction Discriminator vs some machine learning11st July 2025

CFD simulation with LTSpice
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1. Simulations with many different source signals
 They are assumed to have the same shape
 Random delays and amplitudes
 Addition of white noise
 Vin is fed into the CFD circuit

2. Signal inversion and attenuation
3. Signal delay
4. Signal summation

𝐕𝐕𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬 = A ⋅ 1 − e−
t
τr − 1 − e−

t
τf

10 iterations
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Time of arrival with CFD 
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• Interpolation of data to find the 
0 cross point

• I probably should have tried to 
denoise the waveforms a little
bit but no time left.
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Machine learning on noisy waves
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• Reconstruction of the original waveform from a noisy one
• A denoising autoencoder: a convolutional neural network to clean signals.
• It has two parts, like a smart filter:

Encoder: Compresses the noisy signal, focusing on the true patterns.
Decoder: Rebuilds a clean signal from that compressed information.

• How it learns: We train it with pairs of noisy and clean signals, teaching it to remove the noise.

Still some work to do…

Time is limited, I’m
currently working at the 

restaurant

Even if it made stay 
awake till 2 a.m. to 

make it work
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Time of arrival in reconstruced waves
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• New noisy waveforms generated via 
LTpice and fed into the machine 
learning model

• Denoised output which is then used
to find the time of arrival

CFD with the machine learning denoised signals
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Comparison between the two
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Well, it’s 14:09, never mind
I’m sorry to disappoint you



Thank you for your attention!
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