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Wavelet
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小波变换效果测试

High SNR Low SNR

200 220 240 260 280 300 320 340 360 380 400
-5

0

5
104

Original
denoised

200 220 240 260 280 300 320 340 360 380 400
-5

0

5
104

Mix
denoised

200 220 240 260 280 300 320 340 360 380 400
-5000

0

5000
Original
denoised

200 220 240 260 280 300 320 340 360 380 400
-6000

-4000

-2000

0

2000

4000

6000 Mix
denoised

Wavelet based denoise：



Wavelet based denoise：
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Do we need to transform 1024bit data ?  Can we run this in FPGA



Up sample based correlations and T1 trigger time calibration：
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Up sample based correlations and T1 trigger time calibration：
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Time and frequency co-analyze from wavelet：
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CNN based data process：

10

Plane
Transformer

shower

Core
Xmax/direction

Energy

More information！



Contents

（1）Wavelet and correlation based
data preprocess.

（2）Classification of event. 

（3）Tigger algorithm.

（4）Parameter's optimization

Pengxiong Chao zhang

Jolan

Not only for fun but also for application



Interfere sources around us：electrostatic of plane and pulse from HPAC Transformer 
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大气簇射产生射电辐射Radiation (Xidian)



大气簇射产生射电辐射Compare 

u Obvious increase in broadband spectrum.
u Wider pulse in time domain
u Location on the trajectory(track correlation)
u Polarization is unstable

VS

EAS candidateAirplane Event

u Non-Obvious increase in broadband spectrum.
u Pulse—width is smaller than 100ns
u Separated from the trajectory(track correlation)
u Polarization is B*V



Tracing



CNN based data process：
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Trigger algorithm

Parameters Function Related parameters

T1 The main threshold,

which determines the

detection sensitivity at

the start of the pulse

T2、Tprev、Tper

T2 secondary thresholds

to verify pulse

persistence

T1、Tper、NCmin/NCmax

Tprev Quiet period to ensure

that there are no

other triggers before

T1 is triggered

T1、Tper

Tper The trigger window

limits the time range

of T2 detection

T1、T2、TCmax

NCmin/NCm

ax

T2 triggers are limited

to filter pulses that are

too short or too long

Tper、TCmax

TCmax Maximum T2 trigger

interval ensures pulse

continuity

Tper、NCmin/NCmax



Trigger algorithm
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First, the other parameters are relaxed to limit the T1 range

When T1 is 15000μv 
(the estimated high 
value), the correct 
event trigger rate is 
54.77%

Gradually lower 
T1 to 8000μV, 
and the correct 
event trigger rate 
rises to 95.84%

Algorithm implementation and parameter optimization

Statistics on the number of times each event is triggered 
and the distribution of the number of units

Statistics on the number of times each event is triggered 
and the distribution of the number of units

Detection rate statistics

Detection rate statistics



At this time, changing the value of Tprev found that there was a large correlation with the accuracy of 
the first type of interference event, and when another pulse was added to the first type of interference 
phase event, Tprev could exclude the first type of error data, and the accuracy of the first type of 
interference event began to decrease when it was adjusted below 360ns, and the lower limit of Tprev was 
about 360ns. At this time, the correct event trigger rate is still 95%, and then the value of Tprev starts to 
increase from 400ns, and when the value of Tprev is greater than 500ns, the correct event recognition rate 
begins to decrease, so the upper limit is around 500ns

Algorithm implementation and parameter optimization

Statistics on the number of times each event is triggered 
and the distribution of the number of units

Detection rate statistics
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Since T2 is closely related to NC, the two are jointly debugged during parameter tuning. 
Combined with the comprehensive detection accuracy to adjust the NC range, when T2 is 6000, 
NCmax is 19, and NCmin is 2, the highest comprehensive detection rate is 94.93%.

Algorithm implementation and parameter optimization

Statistics on the number of times each event is triggered 
and the distribution of the number of units

Detection rate statistics



The initial value of Tper in the time window is 1000ns, and when the Tper value is increased, the correct 
detection rate does not change significantly, and when the Tper value is decreased, the trigger rate decreases, 
for example, when the Tper is 300ns, the correct detection rate drops to 88.64% as shown in the figure below. 
Therefore, the value of Tper can be assumed to be around 1000ns.

Algorithm implementation and parameter optimization

Detection rate statistics
Statistics on the number of times each event is triggered 
and the distribution of the number of units



Then the value of TCmax is changed, and 
when the TCmax is 200ns, the recognition 
rate is 94.97%

When the Tcmax is reduced to 100ns, the 
recognition rate reaches a high value of 
95.04%

Algorithm implementation and parameter optimization

Statistics on the number of times each event is triggered 
and the distribution of the number of units

Statistics on the number of times each event is triggered 
and the distribution of the number of units

Detection rate statistics

Detection rate statistics
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GA /PSO /DA

Begin

Initialize the 
population

Fitness 
assessment

Choose option

Cross optionMutate option

Whether the 
termination 
conditions are met

End

Output the 
optimal solution



Genetic algorithm parameter optimization results

When the number of iterations is set to 100 and the population size is set to 50, the iteration effect is as shown in the following figure, 
and the iteration results achieve the expected effect in about 60 generations. The analysis shows that the parameters obtained by the 
genetic algorithm are more similar to those obtained by manual adjustment above, the parameter range is relatively close, and the 
accuracy of the parameters obtained by the genetic algorithm reaches 96.7%, which is higher than that of the traditional method.

GA /PSO /DA



Conclusion：
1、A fast 、low cost denoise algorithm is employed to do the preprocess of data;
2、The time frequency domain picture of signal is generated to be used in ML based data 
process；
3、The event classification is done based on polarization、spectrum、tracing、direction；
4、The trigger parameters optimization is done based on GA 


