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Research on Optimization of Internal Imaging Quality of Industrial

Parts Based on y—photons
MA Bolin, YAO Min, WANG Ming, LIU Ming, CHEN Shuyi
(College of Automation Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract : In order to solve the problems of low spatial resolution and blurred edges of the images used in the internal imaging of
industrial parts by y —photons, this paper proposes an EP —MLEM reconstruction algorithm based on the traditional MLEM
algorithm, which can improve the image quality by optimizing each iteration of the reconstruction. A set of industrial multi—tube
simulation models is designed and simulated, and the image quality of the reconstructed image is evaluated by the traditional
MLEM algorithm and the improved EP-MLEM algorithm respectively. The simulation results show that the PSNR and SSIM of
the image reconstructed by EP—~MLEM algorithm increase from 21.143 4 and 0.615 8 to 23.138 3 and 0.719 8 respectively,
among which EP-MLEM algorithm is better than traditional one in edge performance.

Keywords : y—photons ; non—destructive testing; software design; image processing; quality optimization

ARBY KR HAT R,

0 315 Feis oy Je T AT R s o, AR R

385 AT F A PR TS T R TE A RS I Tl SR —
ANXE L, 1F HL - A& S B 2 BUAR (positron emission
tomography , PET) 7R K[ 8 FH 1 HL F I B 2K
I A 08 AT R 28 Ty DG X AT R
N T —FRGF AR TT %E . PET Rl B ARAE g —
PR ARG F-Be, By St 7S, JF
HEAWSRA AN, BT IR Z Y 0
TR 3 R 5 1 4 Jm Ah AT i S ek i A
PET BURBARAE Ty FCA A5 0 7 T 52 2R 20 4 1)
PR, T H. y SC TR T TP RS 25 55T AR BE
8 %8 455 o AR A PNV AT v ARG T R 3 T LA S
PRSI PET AR5 AR A 8oy K
T T 4B T A1 G I A5 F) 9 BT, o S bt AG Y

TEAE IR AR PGS 18] 3 B AR AR LA B i 2 B b
SRR, AR SO — et A PR A R ABLAR 2B
i KA (edge preservation maximum likelihood
expectation maximization, EP—MLEM ) , F] H i 1%
R ZUGE AR R X g R AT A A
T 4 e o R ) 5 ) 0 9 A L B e i o T
BRI G BNE

1 MLEM &%

B RARLSR I B8 f K545 ( maximum  likelihood
expectation maximization, MLEM ) /& {14~ v Y& 1k,
PGH AR I Ry B T —Fh R B BRI 2
PRI v 600 At i TR 204, B

EE&TB . FHEAHRFERE T LW H (62071229) ; iz Bl2#5E 401 H (2020Z060052001) 5 B 504 A R K F 58 AR

-5 S ERATHT I H (xexjh20220331)

E—EBEB N DHR(1996—) 5B ) PR AT BT T A IE L TR S AR IS | 15078973664@ 163.com,,

7.



- HUHIE -

LM, F - AT y AT T M ARG R ZHRAARL

J
y;, ~ Poisson( Eai,-x,), j=1,2,,] (1)
i=1

Sty FOR S | AR SR A P F
Bl o JRE | MRE IR IE 0, JORAER |
MR EAREE A v T B | AL
B BB, LR SRS A T L)
PRIy T RO B LR SR

W OGBS
I J
L(x)=InP(ylx) = Z [y,In( Z ai}‘xj) -

J
Iny, ! - 2 (]’z:ij] (3)

j=1

U Iny, U J2— N0 BT, DR IR e 25
ISP AR A AR o KA 1 T 5 s [ o8 ) LA 4
N (4) TR AR,

r?;z%(L(x) (4)
Kt MLEM 35326 i B AR R B0k
9_c=arg111238<L(x) (5)

A B BSR4 L () WS e RAR Y I
WG o B R H AT R I 45 2R
i FHIY) 22 4 K AE 7 (expectation maximization ,
EM) 475K A%, EM B2 ARSI &S |y, | A5
SMRIE BT A B 2, 5
ARG | R R LRI BN T4 § MR R R R
PRy ETFHATy, = 3 5,0 s, WA
P, BRI
z,;~Poisson(ax;) (6)

I, 58 28R S RS 2 A Ry
I
P(zlx)=HHP(zij|x,¢j) (7)

i=1 j=1

EM Bk py b B E S R B 24
{y VEE, SR G AR R B 4 |, |, O A B fiff
InP(zlx) BIHIERME R, HRBGSFE W] 7 P>
AR R AR R R, N R E R
RSB RAREIE,

W R FR 7RSS LI B PR 42 v 7E56 £ K
AR R AG Z AR e B LT, TSR pR R
XTSI EE

Q(x1x")=E((InP(zlx) ly) ,x") (8)

KA A Q(x1x") BREL

Q(x1x")=E[ (InP(zlx)ly),x"]=

1 #j
Y Y (e “Zf{) j (9)
Ao S5 A MO s T Rty 6 T I
a,x!
z;=E(z;l%,5) =y, e (10)
Zai.x’.“

A

HETeRAz R, A (9) il LUy
o
Q(x1x") = Z‘ 2 [ —ax; +z;In (au;) ]

(11)
FE (1) 5k — Bl 5, 364 30 F 0,
A S SN

J
5 ’ 21 i
J— lx.) =- .+ = =0
ijQ(x xj) zz::l K x;
= (12) 8 MLEM 2B A RN

xt

1
v Yi
2 aijh 2 aijle‘c
i=1 j=1
2ol il 3 ) 3R T RS AE IR ARNER kv 1 IR
Nk IRIEER

(12)

(13)

2 EP-MLEM R &&E %

EF X% 58 MLEM B #8587 L AE A8 1Y ) 3, %o (%]
& B (3 5 DL SO A G R ek B AS T
2, BT EaRE N, 48— r) EP -MLEM
ARG AT KL e i MLEM B35 5 g0 Bk
SiETE—E,

B 1 JRoR TIZEE RS . B SRR
A EB—AME R S, W 2 i, R 2R
AR ZR SR AL TE AT A TR BT C— A K 5 A, B
FERNE ROy 2F+ 1, i A TETTRERY O,
FEAEJTHE R B INI T AE , RUARRIAE | s e K Ry
2u+1 , FE RIS RHEP IR B IrA KN 20 B9/
MERY LA ( RIAERURELZE KA RAE h 2 4b R 3, 10 5%
ARARIAE HH Lo s AR KR ) 5 RBARABURE 9 Fhvas 508 A
B, A5 T A5 A T R AR SR 8032, JF HoImAC=
WAz AR 2 B AU, XA AT D3 — A
A R AE IR £ A S S I LIACE IS
fIAH .

1
ki (x,y) =k () + (14)

(2i+1)?
Afiie [1,2f]5ky =050 e [1,/-i+1] HEAUK
B AR RMET XS A A S BT A 2t Z00GE
Ktk (o, y) Ja, AT LATHSRAS 20007 A9 i 3%, 1]



- HUHIE -

LM, F - AT y AT T M ARG R ZHRAARL

FIRER .
k,,(x,y)

p=q=f

S 2k (2)

P 1

(mmane e ——( waesnnmeno: ——{ mAmsie )
(mmmren  f—{ smanmxs )

1 HiEnE

kmiﬂﬂ(x,y>: (15)

2t

2f+1

A BER AT RAE

B2 #HRESHEUE

A R3N85 o s Y S AN
[ X e Y 52 0 /N AN ) T L v 8 A% B A
FAE 1, BT O H— 7, FR XA
AR R ANTT -4, 45 21 A9 0l 2 5 > AR BLAE Y
HUG LB X TR A BB, T3S A R R TA
S B, AR 5 R R A (T — i i e
B2 1 OE eI G R

r=q=f

d= Y &, (x,9) (W, = W,)°

p=q=1

(16)

d

w=e t (17)
AT W R, 2 T i b 80 P 48 2 e 7
£ RUHE A5 ¢ 19— B0 5 d R R A
B, AT w LR IR R b A
R T A HO AR, BRSO w
e AE O~ 1 Z MM, AEA—L T, BRHR
5 0 0 R 1 A 45 AR B B R BE (3 7T L)
P IEBR A SIRBEEY, (2,y) -

X(x,y) « 2w+ X,(xy) - w,,

wmax + 2 w

Y,(x,y) =

(18)

G (ERDP-— WNE YL AR e W il

Mo AnRZ s A G 2R w O O, U2 A5 K B2
AL,

i AE AR MLEM 3 A5 38 s s 1 38 5

APBR, AT L7 O B i RS A O A B 1 L

R IR A RS R B — X 2 Ei s A A R

FrFm A B AR

TESEATA AR Z 5, ] LS B f 4 0 E
HEE,
3 ZEMKERBHER

BEH T -5 2050 R 0 5 47
P, B3 IR RL R Tl b i) — b 2230
. F H geant4 application tomographic emission
(GATE) f/ BCF- S48 -2 ¥ PET #R0U PR 528 PET
M. GATE i KA SHANE 1 s,

B3 fiE&ER

#R 1 GATE (FEZFRNRSH

2 Ky
PR/ mm 212
Al ] K/ mm 110.6
EERZNTLEN 5 v 312
rm R R T (K xFEx ) /mm 2.07x2.07x10
B R] A%/ ps 100
RETR T/ keV 350~ 650

15 BARMIF 2402 B R A B 1Y Trans-PET £
IMER DS, A IR R 2 PRI BR rh i A
e, (FESEE IR 2 i,

*2 SEEEBEGHESH
R FEEHK/s WEEE/Bq MERE HUH
ZilE 15 1 000

Water i

2230 45 1 AU )5 BT R A B AR G R
Kl 4R, B 4(a) 28 EEREGY) FE,
Kl 4(b) FIE 4(c) 3 R4S L 5 MLEM 5 #5
P25 EP-MLEM o 2 8 kb B S i i 2 A
15, MAEE 4 AT LR B B 4 (b) BARBURAE,
UGB AR R I g ] G O SR, B AGRECR 2K
FLR L AR UG o PR IR, U AR D S0
D7 i V2% 5 B 4( ¢ ) WTEUR A R S 2R 32 L
] 4(b) 4f, UG i SR [ RRCR s

.9.



- HUHIE -

LM, F - AT y AT T M ARG R ZHRAARL

() Z I Ry

(b)MLEMH FE T 3

B4 SEEHELERE

(c)EP-MLEME & E

3 R T X PR R B 5 T B A
G ZERAH L (structural similarity, SSIM) Flig
{E {5 M kb (peak signal —to —noise ratio, PSNR) 8§
Bl MRAER 3 LUK B, 200 EP-MLEM g
SLALFR T 1 R A T 4 5 58 MLEM & £
S Ab B3 Y B4 e SSIM L PSNR | #5 45 JiF
P,

R3 SEERBFESH

LSLiyry PSNR SSIM
MLEM 21.143 4 0.615 8
EP-MLEM 23.138 3 0.719 8

WE S [, oA T 5 G b g R R
) I FLAR B B A il 5 A B (%) AR B o T
HEBR AL S R R KL H 2, w]
DL PRAE G i EP-MLEM B #54 pehb B (1) =1
PRI 4 A6 D 25 B4 B R B 4, 7 U 0t 2 30 o
AT, U6 I SRS B MR PR T
JEHIEN G R BUAGAR R 5 (A TR BRI AH G
BEIMIEWIVER) o
4 ZHiE

PET ARG AFAE 3 HEAIR T G A50R 45 [
R AR GE) MLEM J8 A5 5032 ot (R AR M v I 3k
TR R AL B, DR, AR SCHRE T — ki i
EP-MLEM RS RIS R b 2 0GE Y
TR, 0 R T LA B i Tk 2

- 10 -

B LS s IR T IR, &5 R WoR . ik
JA B EP-MLEM AU 4 5 T R 1 25 [A]
Oy PR IE HA T A R g

250

EP-MLEMETE
F MR AE
200| IEFRILH T

B FAie L

""" MLEM
—EP-MLEM

150+

JEAE

* 100} i
BT
BREAATE |
oo BT ERE

100

o
Bs5 Ed4daagEsaE

S

[1] GNINENKO S N,KRASNIKOV N V,MATVEEV V A,
et al.Some aspects of positronium physics[ J ].Physics of
Particles and Nuclei,2006,37(3) :321-346.

[2] WALKER M D,MATTHEWS J C,ASSELIN M C,et al.
Optimization of the injected activity in dynamic 3D PET:
a generalized approach using patient —specific NECs as
demonstrated by a series of 150—H,0 scans[ J].Journal
of Nuclear Medicine: Official Publication, Society of
Nuclear Medicine,2009,50(9) :1409-1417.

[3] XIAO H,ZHAO M,LIU J T,et al.A study on scattering
correction for y—photon 3D imaging test method[ J].AIP
Advances,2018,8(3) :035315.

(4] Wk, B0 o, B B, A 2 2% A5 R R 9 Gk B A
MLI] AR 24, 2020,41(10) :213-220.

[5] SHEPP L A, VARDI likelihood
reconstruction for emission tomography [ J |. IEEE
Transactions on Medical Imaging,1982,1(2) :113-122.

[6] ZHANG L,ZHANG L,MOU X Q,et al.FSIM: a feature

similarity index for image quality assessment[J].IEEE

Y. Maximum

Transactions on Image Processing, 2011, 20 ( 8 ).
2378-2386.

%5 HH7 2023 - 06 — 28





