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Reminder: Determine  and underlinet0
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• Determination of  
• Important for the stabilisation of the underline value 

• Procedure 

• Compare the signal with the baseline, starting from the left. 

• Count the number of points ~4 sigmas (~4.3 mV) smaller than the baseline. 

• Count 10 points in a row 

• If there is any point within ~ 4 sigmas during the check,  
remove the current count stack and scan next point. 

• If the above test is passed, use the point placed 10 points before as a  

•  is not exactly pointing the starting point of signal. but this value is used as a standard point to obtain 
a relative position eg. 
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Ch:0, event:272175489

Scope signal (zoomed)
Baseline (50000 points): 49.7 mV
Underline (10000 points): 16.7 mV
Underline (5000 points): 16.1 mV
Underline (2000 points): 15.9 mV
Underline (1000 points): 15.9 mV
Underline (500 points): 16.0 mV
Underline (200 points): 16.3 mV
Underline (100 points): 16.7 mV
Underline (50 points): 16.5 mV
Zero line (value): 2497.42500 (48.1)
t10 (Francesco): 2497.44793 ns
t50 (Francesco): 2498.05222 ns
t90 (Francesco): 2500.33119 ns

Ch:0, event:272175489

2480 2485 2490 2495 2500 2505 2510 2515 2520 2525
Time (ns) [0.025 ns]

10

20

30

40

50

Si
gn

al
 (m

V)
 [0

.6
25

 m
V]

Ch:3, event:272175489

Scope signal (zoomed)
Baseline (50000 points): 49.8 mV
Underline (10000 points): 17.6 mV
Underline (5000 points): 16.9 mV
Underline (2000 points): 16.5 mV
Underline (1000 points): 16.4 mV
Underline (500 points): 16.5 mV
Underline (200 points): 16.7 mV
Underline (100 points): 16.4 mV
Underline (50 points): 16.3 mV
Zero line (value): 2497.12500 (48.1)
t10 (Francesco): 2497.27269 ns
t50 (Francesco): 2497.44255 ns
t90 (Francesco): 2498.14011 ns

Ch:3, event:272175489
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Ch:0, event:272175495

Scope signal (zoomed)
Baseline (50000 points): 49.8 mV
Underline (10000 points): 35.3 mV
Underline (5000 points): 34.8 mV
Underline (2000 points): 34.7 mV
Underline (1000 points): 34.8 mV
Underline (500 points): 34.8 mV
Underline (200 points): 35.2 mV
Underline (100 points): 35.5 mV
Underline (50 points): 35.5 mV
Zero line (value): 2495.32500 (45.6)
t10 (Francesco): 2495.22696 ns
t50 (Francesco): 2495.63742 ns
t90 (Francesco): 2498.09042 ns

Ch:0, event:272175495
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Ch:2, event:272175495

Scope signal (zoomed)
Baseline (50000 points): 49.7 mV
Underline (10000 points): 27.1 mV
Underline (5000 points): 26.4 mV
Underline (2000 points): 26.0 mV
Underline (1000 points): 26.0 mV
Underline (500 points): 25.8 mV
Underline (200 points): 26.1 mV
Underline (100 points): 26.2 mV
Underline (50 points): 26.2 mV
Zero line (value): 2495.02500 (47.5)
t10 (Francesco): 2495.06919 ns
t50 (Francesco): 2495.37809 ns
t90 (Francesco): 2496.90037 ns

Ch:2, event:272175495
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Ch:0, event:272175500

Scope signal (zoomed)
Baseline (50000 points): 50.0 mV
Underline (10000 points): 8.8 mV
Underline (5000 points): 8.2 mV
Underline (2000 points): 7.9 mV
Underline (1000 points): 8.0 mV
Underline (500 points): 8.1 mV
Underline (200 points): 8.1 mV
Underline (100 points): 8.3 mV
Underline (50 points): 8.7 mV
Zero line (value): 2497.70000 (50.6)
t10 (Francesco): 2497.82887 ns
t50 (Francesco): 2498.16212 ns
t90 (Francesco): 2499.11553 ns

Ch:0, event:272175500
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Ch:1, event:272175501

Scope signal (zoomed)
Baseline (50000 points): 51.0 mV
Underline (10000 points): 37.7 mV
Underline (5000 points): 37.1 mV
Underline (2000 points): 36.9 mV
Underline (1000 points): 36.8 mV
Underline (500 points): 36.9 mV
Underline (200 points): 36.9 mV
Underline (100 points): 37.0 mV
Underline (50 points): 36.8 mV
Zero line (value): 2496.27500 (50.0)
t10 (Francesco): 2496.31027 ns
t50 (Francesco): 2496.49376 ns
t90 (Francesco): 2496.86307 ns

Ch:1, event:272175501

Scan from first

4σ

t0

Delay

sampling points

• Underline 
• Underline values are determined based on the relative starting point from . 

• Similar to the determination of baseline 

• But the falling signal has a tail - need to put a delay 

• Dependency on the delay and number of sampling points studied. 
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Average amplitudes with delay
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Baseline: 5 ns from  + 5 ns samplingt0

• Maximum amplitude point scan 
• The maximum amplitude can be obtained when the underline value is the minimum. 

• The signal decreases continuously even after rapid fall. 
• The maximum point can be found around 21 ns delay (1.25 ns width) 

• If we choose around 200 sampling points (10 ns), the between 17.5 to 20 ns will be stable.
Delay variation of underline  
(fixed width as 1.25 ns)

Cumulated signal
Zoom up around 21 ns delay



ITS3 WP3 meeting - Bong-Hwi / 2022-12-09

Baseline vs shift from t0
• Baseline calculation: 

• Average value of  sampling points(width) counting from  ns shifting to  

• Average value converges around 49.215 mV after 12.5 ns shift 
• Standard deviation of sampling points: ~1.6 mV 

• Average baseline vs various sampling points(N, width) 
• The value has the maximum at 1 ns width. 

• Relatively stable until 5 ns 
• Between 0.75 and 2 ns will be suitable.

N n t0
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Baseline calculation example with ,  shifting,  samplingt0 n N

Baseline with different shift/sampling points

Baseline with different sampling points (N)
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Baseline vs shift from  with different amplitudet0
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• Check with different signal amplitude: 
• Shows a clear dependence on signal amplitude. 

•  of the baseline distribution:  ~0.1 mV  

• No specific trend of order in higher signals(80-100, 100-120, 120-40) 
• For small amplitudes, small amplitude has small baseline. 

• Check with different width (number of sampling points): 
• Having some shared region, but still showing the amplitude 

dependence.

σ


