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Digital shaping methods for nuclear pulse signal based on cosine function
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Abstract  [Background] Cosine function shaping (or cos shaping) is used to digitally shape nuclear pulse signals,
as the shaping method is simple and has high operability and flexibility. [Purpose] This study aims to explore
different cosine shaping methods of nuclear pulse signals, and evaluate their effect. [Methods] Firstly, based on the
single exponential decay signal and cosine pulse signal, transfer functions and cascade formulas of three different
cosine shaping methods in the Z-domain were derived. The influence of the parameter selection on the shaping effect
in the cosine shaping algorithm was analyzed. Then, the cosine shaping methods were developed for the simulated
nuclear signals and the actual sampled nuclear signals, and the cosine shaping, amplitude extraction, and energy
spectrum construction of the digital nuclear signals were implemented in the field programmable gate array (FPGA)

system. Finally, the gamma (y) energy spectrum of *’Cs (Nal(Tl) detector) was evaluated using the different cosine
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shaping methods. [Results] The results of y energy spectrum from 'Cs (Nal(Tl) detector) demonstrate the

satisfactory performance of all three digital cosine shaping algorithms in terms of energy resolution and counting.

The symmetric zero-area cosine shaping performance index is improved relative to conventional methods.

[Conclusions] The three kinds of digital cosine shaping methods all achieve accurate cosine shaping for simulated

and real nuclear signals. The three cosine shaping methods proposed in this study may be applied to shape functions

in other research areas.

Key words Digital cosine shaping, Digital nuclear pulse signal, Energy resolution

TR ZIEAL R G b KIS 5 B DB
BOEEEAR — BAE NSRS, N T & R4
(A M EL 35 A2 5 B e il ) B oK, A kR =
BEATHCF S W BT (AT BUR AL FES s SCHRk(3-
41HET T BT i B T AE I S R AE DG R B Z 8
HH P A 328 BRI E, 70 A 17 v 20 ROTES AE SUER £ i i
fie A A e SRy PR s SC R L5 ] A Multisim Al
MATLAB B¢ T a7 % v, Sl 1 SERR i AS 5
(AT T O AR B s SCERL 6 143 A 1 AN IR S 200t
CR-(RO)" B R 720, H TR F R & 5y
PR T RIS H SCERL7-8 14 T
Sallen-Key (SKO 8 J¥ 1 i HEEE LAY, 018 1 FERH
R P 50 Yo 0 Y 4 vt JoiE R0 4B L A A A S P
S, R T B SK IR I B AL 2 Hak BUE I
SCHRLOIH CR-(RCOO™ FIl SK T 34 B AN, $EH T
CR-SK & JE W AT A BB T kb5 5 8y
e O s SCERL10 T 32 4k 1 A% 15 = Bk it 4
PR, JF AR L Y W 9 AR 3 4 1 BE 51 (Field
Programmable Gate Array, FPGA) H SZ 3L B T2 1% T
SO SCBRL 111248 8 1 ik oh 15 5 86 8 JOE
G, 0 T BRI SOk % SO0 13 1R B
TETE IR, BIN T SHRIETTVE AL T BRI %
BEE R B 7 Bk E R B s T5 AN, SCERL 14—
15 R T ARTBUE (B 4 57 20, RS 5 S
THFRIEIE s CHRL16JSLBL T 145 5 AR TR
T HERRARIN 5 73 55 IR B 4R B, 6 38 SR 0 o B
[EEESHOIAT TP ; STIRL17 142 1 T sin R
R S , FLAEAMHIR 75 B TE 75 451 D HERR
Vi S3 FE MR v e B 0 R U T A BRI AL 3
SCERLI8 1R H 1 25 T 2 G B By bk o
B 502 2 5 AT AE m vH R T 3RS = R A
B CHRL19 IR T A Z0AH V1 P B 1) A T B 55 A%
B T I B I AR R R BT
ZEE BT T SEIL T R] A R ) e 4 A B
(MO IER A« FE T b, A SCHEH T 40F cos
BOYJ7 8, VEARHE S T =M cos L TE A% 34 R 250AN
Kb e 2, SR T AR T M SE PR R AS
ST cos FUTE , 2 T FPGA R A TT R cos R TE 1)

PRGN AT ML B A5 5 34T T cos BUE AL HE
573 Hr.

1 cosZIRIE

1.1 X% cos B

FEBLAR AT SR a5 R RZ ik o 5 5 220
BB B E FTAL 1 1) BT B SR B I
ikt v, (o, Hempgirh g ik SRR (D Fror

Val) =L (M
b O AR 2% 77 A i S AR s CRI R 23 BT B
TR 2% P Js2 ot B2 0 2 5k HL BHL , 38 0k o $ r=RC o

FRAE A 5% B B 2R 0 15 1 (o) fros , FL R R ik
AR .

V(t)= Vmcos(nlt)u(z) ©)

1O sz v (DML v, (o Fixk =
(GO,
T
V(1) = Vmcos[n—s (t=0.5¢)u(r) G)
Vy(t) =V, (t-1t)
22 cos I K 8 58 BE s V7, 9 cos FIE ik ()
B KIERE, V. =0/Ciu(t) NN RIS 5 .
1(d) N ELAE cos TE Bk M5 5, FLE 3k (1)
R (DR,
Vs (1) = V1 (1) + V(1) 4)
XT DA R (D AT Z A8 e v 15 8% k(5 5 A
cos k5 5 78 Z 38 19 8 2, 43 90 4n 5 (5) A 58
(6)F7R s

z

Vi(z) = sz_a (5)
V(o) = 7, 220220 ©)

Hor s g=exp (- T/1) , b=sin (n/n.) , c=2cos (n/n.) , n=
t/Ts T 915 548 # %% (Analog-to-digital Converter,
ADC) FRIRAF A 1 o

H 20 (5 (6D AT 15, X FR cos B IE A% 346 B 4L
H,..(2), (D FiR,

100402-2



BB BT RERBEIRZIKTE 5 507 BOE AT

A®

. /

A@

>

A®

t 2t 3t

s s

-

I
I
I
I
I
I
A © I
I
I
I
|

i /

s

I I
I I
I I
I I
' T3t
2 135
I I
I I
| |
I 1

I
; \
o \
2 \
K \
i 5
7 \
2 \
H \
A \
N7
i
i
;
i

<

e

- «
-
5
i
H
\
-

——

W)

~

.

1 #ZkihE 5 (), cos 15 5 (b~c)Fl cos IS 5 (d)
Fig.1 (a) A nuclear pulse signal, (b~c) cosine signal, and (d) cosine-shaped signals
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