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Radiation noise suppression and dose information extraction method

based on FPGA

XU Shoulong, HOU Zhixiong, WEI Cuiyue,ZOU Shuliang
(School of Resources Environment and Safety Engineering, University of South China,
Hengyang Hunan 421001, China)

Abstract; In order to improve and advance the nuclear radiation detection and monitoring integrated
technology based on pixel sensors, a radiation noise suppression and nuclear detection method leveraging
the parallel advantages of FPGA was proposed, with corresponding programs developed. By analyzing the
characteristics of radiation noise signals, radiation noise suppression and two-dimensional wavelet transform
programs based on FPGA were developed to output clear radiation field images. The images were
decomposed into horizontal, vertical, and diagonal components, and the results of linear fitting statistics
for each component were investigated to identify the component with the best linear fit. The research results
demonstrate that the FPGA program modules effectively execute radiation noise suppression and nuclear
detection functions in images. After noise reduction, the peak signal-to-noise ratio( PSNR) of the images
is improved by approximately 11 dB. The diagonal component is shown to best characterize the radiation
response information of the images, achieving a linearity of 0.99624 in linear fitting for different dose

rates.

* S :1003-3033(2025)03-0085-07; Wk H1.2024-10-14; &5 H 111 .2024-12-22



SL IO S I 355
- 86 - China  Safety Science Journal 20254F
Keywords: field programmable gate array ( FPGA); radiated noise; noise suppression ;

dose information extraction ;

two-dimensional wavelet transform

0 3| &

PEEEE LR 2 BOR B K SR | 1% 2% 4 ] R BOR B
ZENE, H AR BB PO A LR TR S
ST, ] S W DR, DR TR AR AL PR
B BOR AT TR 5 0 T ER 4 A AR
54K ( Complementary Metal Oxide Semiconductor,
CMOS) Gz A% s HAT DARAR T SE 1k it R
SO AL, XoF FRL S R R T D D RA e
EE 0] 98 2 1] B4 1) ( Field Programmable Gate
Array , FPGA) i £ W UR = & , v] 85 53 4 i RN 42 1
TR YRR AL, RE RS SN Ak RO S Bl , I PR w1 45 e
FESt S, CMOS 5 FPGA [4h £ Xt A% 4 G H i i
I — A H AR R SR B T B2 AT REME

UEAF A, B AR S 0 e S RS 00 R s P e
CLAC— A2 RS 4 . CMOS B BEAIG Y
JRAS AN = Y PERE , 2 N T 25 Pl R
5 F T R S s AR 4 1) 3 B AR AR5 3 R A A
U AT o B 20 AR g T i — e 8 o HL
SRR R 45 A CMOS 1R Rl
TRV 225 060 245 118 8 S35 M 000 7 v A — AT T B AF S
L 4R T A 2R A FRE L Sy — T,
T FHBE TR SR A A R N 22 7 24 1 ey ik, ]
R MR Bl AL A M Bh S
BEA N TR RERY K e , 70 55 A6 PR T MR 7 Ak LAY
WFFE A A TR B 27 ~F A B 12 A A HE A 7 g e
HREAR R Tz O AT AR ST
BT 00 S R P A A A D B AE S B — RO R AT
QLSR5 , A MR PR A S A o R, e — 4
AN AR T BT 5o 1207k AT A T WA ) o A
PG S92 s 00 A 5] o 3 AR Rk 0 B2 2
A 4 = PR AR BAT AR TS A R s 114
S EERE S B E FPGA BRI AE S AR
W e, ZEAZ B 5 T ) o FH Ok B 2 T
R IFATIR K LR AL BRRE 7, 78 ve0kG PRI o 45 s
RAET EEAEN A8 TR A M Re
AR SRR )2 T4 FOIG s ARk b 22 48
AR R T RE T A R R I R R
H T FPGA AR BLAS Fm] s P | 3l ok 45 8 I T AR
REFSRARI LT A% S IV 28 0 1) 225 i R R ] 1A

complementary metal oxide semiconductor ( CMOS) ;

FR ) 454 FPGA FI CMOS FAE IR 28 ] T 4%
ST MG, 7853 ) FH AT B AS 0 53 7T S () AR
J& H AT 5% B 22 A0 A% 4 SR 00 Fn W il R 4562
SR, B O AZ S S R 00 0 s 0 25 5 1 Wi & J LAk
6%, R ETE R et O MER R ISR S A 5 B L
Ko oh T4 5 5 58 T BORMGE W BE AR, T A X 2L AR
5 1 R 55 AR B A R0R S

A WFFE AR R TR MG LM E AR (EA4TS
FAAESR R 2 o RS (5 B R A R 77
TEMR L LS R, 55 F b, B R 4R — A LT
FPGA HYME RS FIH] 5 5 56 7 A5 B4R O 2%, et
R AR I 2 2 1 SIS A B T 363 B B AR S s

1 ETFFPGA WMIEENH 55848

B %

1.1 ETF FPGA HiESHA M &

AR FPGA R H4% 6~ 150 K #4570
A1 6.3 Mb ik AZUAFEff 4, 8 A B & 2%, 7T 42
HE 3. 125 Gbps MY%E 3l ) A7 S L 1 AT
S, IRGCSLBEEREH] 174 BT CMOS A g 1L
TS AR E ISR 649 H x 489 V, ffi ] Quartus
I AR TR P A ] 5 4 SR I P A RS e 5 | A O
B FPGA JFR A, A3 P L B 45 5 | I STk
WAERTEIML, IFAE FPGA TF &R a7+,

Bl 14 FPGA iR50 R4 T/ERRE, REIEE
1%k FPGA 2§ EAHL 3 4%, BARPLREE B
FEJGEA FPGA b FE2% v JE 17 P b B, K
Mg F5 1) P A5 2ok T I I % i 31 2 LR B 3
i EAE AL A G PR AN s TRl 78 FPGA 32
AT 4/ N R AR e v S R 7 TR il S oK
- T AL 3 A BUR R EIHRAFAE LAIHL
Hi, FPGA B2 CMOS A 15 2 % B iR 4 1Y [
AR B AR Set e A HORE CMOS AR A 1
{55 AR , A TACRDAE MG T I M Ak 31 K — 4
AN AR R I RMIT BMSCRE s A ik 2 B2 |, B
T IE AL 1 RS AN 3 Ao AL i 1) A bl
SRR I E 250 42 dB, B TR N 1/25 s,
1.2 EHREEGSREAFR

Bl 2 iR R g8 S, 5 R A B AR Co



PRSP IS T FPGA R S M P 1 i 5570415 B 4R HOT 5 - 87 -

%3 M
BAHRG RGBS
Y
RCHHE CRC %%
CMOS

B | B 0

FIFO ik IP Ri%

FPGA U’DP&&

HIFRSES \ |+;mz&

EArL

YR AE B HL % (Inter-Integrated Circuit, 12C) 5 55 ASEH BAF ( First
Input First Output, FIFO) ; fEF TUAFE K ( Cyclic Redundancy Check ,
CRC) ; B FREMY (Internet Protocol , IP) 5 F P &4k #i 3 ( User
Datagram Protocol , UDP) ; fii AL A4l 7.3 1T ( Reduced Media
Independent Interface, RMII)

1 FPGA R RF TIERTE
Fig.1 FPGA test system workflow

v SPERBCSTIR  FRAEBE L4300 A 1. 17 Fl 1. 33 Mev,
G R 3.33x10™ Bq, A 7E = RIS N kAT,
WEEREE N 22 C . & 24> FPGA JFEMCH—4,—
NE NI EUG R ERRIT , 75— A5 A M il
P, 43 BB 2 A3 56 1 B A6 PN 5 34 e Do 28 I v U
28,0 2 ISR BN 50 5 = A T AR S 1 HGR)
HARTE 51, 6~265. 22 Gy/h 15 A ST it
FPGA Sl % i SR 45 B 1 M 7 RG24 7 o Mg Ao 2 e
AN AR B BIF T EAGR ) R M R R i, B AR Sk
S st Pl 5 3k T I I 2 B o 310 7 AL, R
ICSE I RS MU
1.3 EGREELER %

SR FH 320 25 K6 D 530 2 W (£ M HE ( Peak Signal
to Noise Ratio, PSNR )2 A 5 e 0P A 4 1) [ g
B ML /N A AR 4 BT AR B 1 7K 3 BRI
ALk 3 AT RGETHE, XF LIRS 3 N bk
PIA B B 4, Lo i R A FE S R R E R
TR I A0 A S W 75 G T P B A0 LR i S g e
RS %05 H . PSNR 2 814 25 M f5e 3 5
(PEAS FE AR, PSNR A9 {ELEE R, 158 BH IR 2 sl SR ik
U, WA AR N,

PSNR = 10 x g(ﬁj (1)

#H MSE ( Mean-Square Error) 4G R K E(HAY
S, HitE AR,

1 G/ . 2
MSE—WEI(X(L) - X(i)) (2)

2, X(i) R ER (R ZMAEEY)  X(i) R
BRI S S B R 0 R R 15 A bR 4R

r

TP 4

i
|

&

|

(a) REFFHE

IR

(b) ARG
B2 {EHFERRGELY

Fig.2 Experimental environment and physical

system diagram
(A8 .
fdi 1] Haar /N AT /N A2 4 | Haar /)N i1 722 46
JEWERAE B 28 B IR | R T30 748 46 w75 31
Sta—FER RS, Haar /NI AT 2R84

1
1 0=t<—,

2
zp(t):_l %St<1, (3)
0 HAth
A, (1) A Haar /N AR 3 0 B pRES; ¢ R BT (]
AR

LT Haar /NI BORCH B 15, 1 1P 14
KPS XL 3 A, 8 T A A SR A B
A



hoE e B o

- 88 - China  Safety

Science

H35%
20254F

Journal

1.4 REHEFEING SEENF ER FPGA X

Sy BT PR T A5 AT RIS o ) B G M s
FEAL, TEAE R P SR 5 R B R BRGNS T AR 2L %
PGB L 8 BRI R AE R — it 32 B R 55 e 1)
REARMARR , AR /DA A [R5 28 7 B 1) 224 34 252 o v )
B AEAE Mg | DRt 2 ) v B 08 O 1 e 7 2 AR
I 9 E FPGA 1015,

AR 7 A PR A B B e A PG, I 2 A T M
T I 5 R A R A R AE IR AT AL B TR RS D o A
Hh ) Kb 3 MR S M s AL 1 e ot SR e
ANEVG L B A (8 T SRR R ke
B — BB | 43 ) FL X n ot oo 45 €6 38 38 1Y) K
JEERE I S R R 450 B I iR IME R (E L, A5 2 Y

PMRAE R | g — R 251 B ad TE A T R (R DB 5 K
WAL B i ) 4% 08 T R R I 21 1SR B9 15
i W2 2 B AL T R o AR AR B
AR ECn WS RS UGS AT i) R RS 1) A
FIFFAEER A, 20 Haar /N A 050 FEUS 9 17
[y NS ) i, THRAR R AR E A2, B R o
fift K- TR AR LR 3 Aol R [ 43
RS B O, MR BE e i 1 2
FORBRPHE S  7EA B BRI [T 15 rb 4 S I P Y
[ A A P 45 Ak B, S5 B0 S 000 R M 40 o
A AT AR B, ZRATT AT L0 P 5% 4 [ P R A7 790 o
BP0 3 B S e R A S5 R R I FPGA
o

| MM I |

¥ ¥
‘ BB BRI T R EBFF 0 B R ET ‘ ‘ 5 FISDRAME: MR ER B (¥ K L5 B3 I8 ATRD_data

]

Y

\ AR ARSI P9

KR BRI S A=A BRI

Y

1]

‘ FUH MR B E R ZE T E

REANrE R R MERE I

¥

¥

\ %mm$\£ﬁﬂﬁﬁ%ﬁ§.ﬁﬁﬂﬁ%ﬁﬁ%ﬁﬁ‘

¥

[]

\ .

FEFPGA PR F Fp (BB BT B R kAT 3k — 20 =

]

¥

\ SREKAT P F AR R (S B B

IR R \
SRR A T DA FPGA ] (b \

T P R R R R R

B3 wHREMSESZEN FPGA B

Fig.3 FPGA logic flowchart for radiation noise suppression and nuclear detection
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