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Abstract

The pulse rise time causes amplitude loss for CR-(RC)" pulse forming based on z transform. In this
paper, based on the basis of deducing the recursion algorithm of real-time operation of CR-(RC)" fil-
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ter in digital nuclear spectrometer system, the CR-(RC)" filter forming simulation with rise time is
carried out for step signal, and the amplitude loss of the output pulse is proportional to the rise time
or the order of the filter. In this algorithm, b is the main parameter affecting the output result. The
algorithm is optimized by eliminating the influence of order n in the output pulse peak time (nt). The
simulation results of the optimized algorithm show that the value of parameter b decreases with the
decrease of the amplitude loss of the output pulse, and the output amplitude loss caused by the rise
time can be compensated by adjusting the size of b.
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Figure 1. CR-(RC)" filter digital recursion algorithm derivation flow
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Tablel. Digital recursion algorithm of CR-(RC)" filter of orders 1~4

52 1. CR-(RC)" B3R 2% 1~4 M By 7 )3 &%

CR-RC y(n) =—a’ (n—2) + 2ay (N — 1) + bTax (N — 1) - bTax (n — 2)
CR-(RC)? y(n) =3ay (n—1) — 3a%y (n— 2) + &’y (n — 3) + (1/2) t;z'l;zz%x (n—1) + (1/2) b*T%® (n — 2) — (1/2) b*T?ax
(n—2) - (1/2) b*Ta*x (h — 3)
CR-(RC)’ y(n) = 4ay (n — 1) — 6a%y (n — 2) + 4a% (n — 3) —ay (n — 4) + (1/6) T3ab%x (n — 1) + (2/3) T%a%bx (n — 2) +

(1/6) T%a%bx (n — 3) — (1/6) T3ab®x (n — 2) — (2/3) T3a%hx (n — 3) — (1/6) T3a’b’x (n — 4)

y(n) =a% (n — 5) — 5a’y (n — 4) + 10a% (n — 3) — 10a% (n — 2) + 5ay (n — 1) + (1/24) T*ab*x (n — 1) +
CR-(RC)*  (11/24) T*a%b*x (n — 2) + (11/24) T*a®b* (n — 3) + (1/24) T*a*b*x (n — 4) — (1/24) T*ab*x (n — 2) — (11/24)
T*a?b*x (n — 3) — (11/24) T*a%*x (n — 4) — (1/24) T*a*b*x (n - 5)

R RFHI b=1RC, a=exp (-T/RC).
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Figure 2. CR-(RC)" filter forming with different orders n
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Figure 3. CR-RC forming with step signals of different rise times
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Figure 4. CR-(RC)" forming output amplitude loss comparison
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Table 2. Digital recursion algorithm of orders 1~4 for CR-(RC)" filter with uniform t value
= 2. %i— v {EM) CR-(RC)"IBIK =R 1~4 MBI FBIAEE

CR-RC y(n) =—a%y (n—2) + 2ay (N — 1) + bTax (n — 1) - bTax (n — 2)

y(n) = 3a%y (n — 1) — 3a’y (n — 2) + & (n — 3) + 2b?T%a% (n — 1) + 2b%T?a* (n — 2) — 2b?T%a? (n - 2) —
2b%T2a’ (n — 3)

CR-(RC)?

y(n) = 4a’y(n — 1) — 6a’y (n — 2) + 4a’ (n — 3) — a?y (n — 4) + (9/2) T*a%b% (n — 1) + 18T3%a%*x (n — 2) +
(9/2) T%a%0%x (n — 3) — (9/2) T3a®b%x (n — 2) — 18T%a%>x (n — 3) — (9/2) T°a°v®x (n — 4)

y(n) = a® (n — 5) — 5a'®y (n — 4) + 10a'?y (n — 3) — 10a% (n — 2) + 5a'y (n — 1) + (32/3) T*a*b*x (n— 1) +

CR-(RC)* (352/3) T*a®b*x (n — 2) + (352/3) T*a'?b*x (n — 3) + (32/3) T*a®b*x (n — 4) — (32/3) T*a*b*x (n — 2) —

(352/3) T*a®*x (n — 3) — (352/3) T*a'?b*x (n — 4) — (32/3) T*a'*b*x (n — 5)
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Figure 5. CR-RC filter forming with different b values
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Table 6. Amplitude loss of CR-RC filter output with different b values

& 6. R b {8 CR-RC JEK40 L HOIBRE IRk
4, &5ig

IS CR-(RC)" I #3385 A SA & B 1, W15 240 b B w] DLAMEAS R b T RN BR A5 = 5 Sk 19
i LR K TR R UL LSRG 45 AR B«
1) %S S EA IR MR IR () 26 0F T 6 tH R B2 B Y B J N T3 oK, B CR-(RC)* B U 1)

DOI: 10.12677/nst.2024.122011 109 MR A


https://doi.org/10.12677/nst.2024.122011

Fit %

LR/, CR-RC BRI A S5 £ K5
2) NS SAEA A BTN RS54 T, CR-(RC)™ g I8 ST i Hh PRI 2 453 2 B A i n F 884 KT 489K
CR-RC JE B MR BE 1 2k foe /N, 10 ELBE S S0 A RO BRAS 5 _ETH I T 60K, oyt A s e 4kt 2038

TR
3) LRI R, IS b IR /NTT DARME b TR ()77 SR AR FE AR 2k, s S 4 2 ) s it 2 it o
b {EAR/NTAE /N
HE&mHE
X B 2R3 4:(12075038)
&E ik

[1] Boli, M. and Drndarevi, V. (2002) Digital Gamma-Ray Spectroscopy Based on FPGA Technology. Nuclear Instruments
and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment, 482,
761-766. https://doi.org/10.1016/S0168-9002(01)01925-8

[2] Mitra, S., Wielopolski, L. and Hendrey, G. (2004) Comparison of a Digital and an Analog Signal Processing System

for Neutron Inelastic Gamma-Ray Spectrometry. Applied Radiation and Isotopes, 61, 1463-1468.
https://doi.org/10.1016/j.apradiso.2004.02.024

[3] Gerardi, G., Abbene, L., La Manna, A., et al. (2007) Digital Filtering and Analysis for a Semiconductor X-Ray Detec-
tor Data Acquisition. Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers,
Detectors and Associated Equipment, 571, 378-380. https://doi.org/10.1016/j.nima.2006.10.113

[4] Yuan, C., Li, Y.P. and Huang, Y.F. (2015) Simulation Study on Digital Processing of Fission Chamber Output Signal.
Nuclear Techniques, 38, Article ID: 010401.

[5] Li, W.N,, Yang, C.W. and Zhou, R. (2015) Baseline Estimation Method of Digital Multi-Channel Pulse Height Ana-
lyzer Based on FPGA. Nuclear Techniques, 38, Article ID: 060403.

[6] Zeng, G., Yang, J., Hu. T., et al. (2017) Baseline Restoration Technique Based on Symmetrical Zero-Area Trapezoidal
Pulse Shaper. Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Spectrometers, Detectors
and Associated Equipment, 858, 57-61. https://doi.org/10.1016/j.nima.2017.03.049

[71 Wang, M., Hong, X., Zhou, J.B., et al. (2018) Rising Time Restoration for Nuclear Pulse Using a Mathematic Model.
Applied Radiation & Isotopes, 137, 280-284. https://doi.org/10.1016/j.apradis0.2018.01.018

[8] k&, W P4, RS, & RS SO Mk SO B 0], T 5IRIECR, 2011, 31(11):
1300-1302. https://doi.org/10.3969/j.issn.0258-0934.2011.11.027

[O1 KRR, TRAE. H:T Multisim s s i 07 B 5 ol [J]. el 7t 54 88, 2020(2): 53-57.
https://doi.org/10.16056/j.2096-7705.2020.02.011

[10] Buzzetti, S., Guazzoni, C. and Longoni, A. (2003) EROIC: A BiCMOS Pseudo-Gaussian Shaping Amplifier for High-
Resolution X-Ray Spectroscopy. Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Spec-
trometers, Detectors and Associated Equipment, 512, 150-156. https://doi.org/10.1016/S0168-9002(03)01889-8

[11] Nakhostin, M. (2011) Recursive Algorithms for Real-Time Digital CR-(RC)" Pulse Shaping. IEEE Transactions on Nuc-
lear Science, 58, 2378-2381. https://doi.org/10.1109/TNS.2011.2164556

[12] # i, dim, . $F CR-(RC)" JEHE A Mk BB HE AW A [I]. 7K, 2022, 36(22): 16-19+42.

DOI: 10.12677/nst.2024.122011 110 MR A


https://doi.org/10.12677/nst.2024.122011
https://doi.org/10.1016/S0168-9002(01)01925-8
https://doi.org/10.1016/j.apradiso.2004.02.024
https://doi.org/10.1016/j.nima.2006.10.113
https://doi.org/10.1016/j.nima.2017.03.049
https://doi.org/10.1016/j.apradiso.2018.01.018
https://doi.org/10.3969/j.issn.0258-0934.2011.11.027
https://doi.org/10.16056/j.2096-7705.2020.02.011
https://doi.org/10.1016/S0168-9002(03)01889-8
https://doi.org/10.1109/TNS.2011.2164556

	上升时间对数字CR-(RC)n成形造成幅度损失的优化方法
	摘  要
	关键词
	Optimization Method of Amplitude Loss Caused by Digital CR-(RC)n Forming on Rise Time
	Abstract
	Keywords
	1. 引言
	2. CR-(RC)n数字化滤波递归算法
	3. 仿真实验
	3.1. 幅度损失
	3.2. 改进算法
	3.3. 解决效果

	4. 结论
	基金项目
	参考文献

