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Application of adaptive contrast enhancement algorithm based on particle swarm

optimization in neutron radiography
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Abstract  [Background] Due to the imaging mechanism of neutron radiography and the limitation of neutron
source, neutron radiography images are prone to lack of contrast, and it is a common method to improve image
quality by contrast enhancement algorithm. [Purpose] This study aims to solve the problems related to low contrast
and loss of details in neutron imaging. [Methods] An adaptive contrast enhancement (ACE) algorithm based on the
particle swarm optimization (PSO) was proposed. First of all, the gain factor coefficient was treated as a particle and
initializes a particle swarm. Then, the optimal gain factor coefficient with the PSO algorithm was calculated, and the
contrast of the high frequency part of neutron images was improved through implementing this optimal gain factor
coefficient in ACE algorithm. Finally, several neutron images were processed by this PSO algorithm and compared
with the results of traditional optimization algorithm. [Results] The new algorithm has obvious contrast enhancement
effect for different neutron images, and the parameters such as entropy value, gray average gradient value and

contrast value of the optimized image are improved compared with the traditional optimization algorithm.
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[Conclusions]| This algorithm can enhance the contrast of image stably, which has practical significance for the wide

application of neutron radiography.
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optimization

- IO R & — o B S o B A T 4 R
BT 2 RE )9 Py TP LA R R AR =
TG AL IR AN T ARG X S AR AN 2, 32 3002
KRR AR T T B XS 2R B R AR, B
Hh YRS FH AR e B 5 o IR 48 T I R AT B
FEAS /1 I i@, BR A 1 HLAE /N B A a5 L =4
CT HAR 577 M) I R R AT N, T o %o L 3 PRl A 44 i
FOEAE A A B T BN O R B AT AR B, 2
R FE o3 AT, 2 — Bl oo vp 1 B G L BEAS 22
A R AR TT 58 BEAR T Bt 0] b 7 U5 A BB
WA I AR, B T RO R B B R AT
AT,

H T, [ P o027 35 70 508 Ll R 3 o S 4 a O i
1T 7 RERWE T, Horh B 7 B3 Je H ootk B A
Retinex 515 J H oot R R BN 1219, H AR
F A H 7 B ¥ 1T 4k (Histogram Equalization, HE) .
H & N E 5 K Y T 4k (Adaptive Histogram
Equalization, AHE) " | Retinex & £ | s R &
Retinex % 7% (Single-Scale Retinex, SSR) . % JU /¥
Retinex H.7% (Multi-Scale Retinex, MSR)™/45 . ZR 1]
L7 B8l S 3 Stk A A AT R AR AN [F N
AR ZH, I H 25000 UG G A 3 4R 5
UK, T BN LU FE R 98U AR T IR 22, 52 R A
Gy, T Retinex [ H otk B K 2 4 R 1Y
SR . R REAH R RS T AEAE D R T
P, BB 45 AT A RN R E AR 5 A8 5 {5 5
i 4 JE G 5 5 1 S RN IR TBOKR, 3 8RR 1
SRR A, BB 2GR B EER LR
AL J 8 I A T L R B AR T 3 A - RO B
JEEHG 5, W DA S G K R AR T S5 M A 0 4R T i R )
T4, e Ay 14 T Ak PR AR ) R e MR TR EER AR
WK S HE RN LR E NS HUE.

58 R B R RUFIONT LU BEARAL 5 3R, AR Sk
HU | & BL%F b BE 3G 58 5 % (Adaptive Contrast
Enhancement, ACE) X HF ¥ EE 33 47 X% L EE AL AL
XPPRE AT DL R MARATS s TH. 48RaT
i R EIAG X L PR 38 A B AR SR T R (R A AR 1
], AR SO R e R R 5 B & ROGS LG B R SRR
RS G K FE TR 7 BEOUAL 0 B B0 B 1 5
R, B4 R B UK 58 PR S R 4 R e
i R R EO 7 BUR AT R 1 E od B L R

5o ASSCHL AT DO SR B GG, S GO L
AR E T T ARG R, BBk e
FOEMR G BB A SR i B RIS HUE @R T4
A0 2 Hn A B CR AT R KIS, 1 98 7 SE AL B
RORII R E M

1 HxXxEZX

1.1 BERXHEEEREL

H & B X b B 34 58 (Adaptive Contrast
Enhancement, ACE) B iE" Vi@ 454 FG B S s,
X A B XoF b AR 5 1) PR DX 3R AT 35 /0 bl A 3 i
X A By 6 b R 55 1 MG XSSO R B 3 i . SRV
A G IR IE N BB 53 B 853 AR 3 F1 S AR 5
RIS 43 W 3 ik 35 0 U SR AR A 21, e A 4 m E
i 5 P SARAR A i 2245 20 o ) P 1 7 DR S IR
Pl 45w AT o P 385 5 R TBOK , AT IA 21 15 3 2 1 75
(1) H ), BRI R

Li(ij)=M(ij)+ G((ij)-M(iyj)) (1)
M (i) AUMEE R (6, /) 90 1R A
1(i,j) ABE R, )) MR YIEE FAE s G 3
R 1,6, )) e R EG G R G )) X R R
EXIE

T fE 22 RN 1) 2 BBUE R I A1, R IX
BT E 22 K, W) 2% BH AR S B BRAN 3 5, 5% BU B2
5, R ZAREZE IS, HAR S A RS 50, ) LU FE R 55
Fr LI b e 22 E 3 28 K1 G I3 S BUE TR 25
‘Z#’ﬁﬂﬁ(z):

M
TR @
KA M AERYE ;0 (i,)) NUAR R S, j) RF L
(1) S5 ER AR UE 22 5 o 93 26 PR~ R0, I B (0, DAT =
[l 58 AHL s & DR /IN T 5 00, FH T 2k S D] B0 3 b
HEZNEM FEA AR HHIR (KL 6= 1077,

H R (2O AT LAE Y, E 3 B B B4 5 B30 4
g R B TE B R N i DR R A o TR Y R A
53 T3 55 2 BT, 8 1 25 DR R A o A A I — A
[ 5 22 B, (F 2 IR il 22 25 3G e R Al SR AN FR
P DRI 6E T [ 38 N6 Eb R 3 i S L B E—
A g A3 28 R R o, DA B85 PR IE B 45 7R X6 B
FERRFH AR

070504-2



T A TR RO 1R & RN E FBE 1 5 SRR A o A o i

1.2 RFEMHEE

L A1k 5272 (Particle Swarm Optimization,
PSO)'"* i Kennedy #1 Eberhart $2 H , £ {0 & FELE 58
B R AT T . ﬁ%?L%ﬁ%iZ
BT RIS AR RS, PSO BE B
BIUAAE H R 305 AN Wi 35 AP I 7 i 2 1) v 48 2R i
s . Hoizo BARES: 7 el A Sk, B e
P AR 8] R PR AE B3k ok TR B i

PSO SIEN i BT — M T AL AL 5
B 05 X R G R SR A A JE M Sl A
frE . AR TR ) G, i BAUVR KL 7%
BT IR BEANTC S SR AR 2R 2 ) vh BBl S 4R
B R AR S A8 9 2 AR S5 AR A Cpbest) , BN KL 1
T o (1 AR L S ISR R AR A, AR TR
Hh B A B AN B D 2 AT 4 JR) B 0 AR (gbest) o KL
THEH AR AR 2 AR B A R LA
ANKL TR ) S 1T 4 R RN BIEEE T A O
F I3 FEMIALE L e 28 T A R T sl T s DU L
AN SEIR B A A o

W1 PSO BLiA I » o TS0 8L, HAE AR £kt 3%

Input: Original

B H A AR A BRI LR SR A AL R B R
VERE , H AT 27 B B AL A 28 W0 2 1 25 L BER 2R
G4 1) LA S A 0 A% BR0E A U A ) A R
FIMST. 25 B 2 PSO %A s B AL 7 T AR 4, AC
SCIEHUZ AL T B 0SB R 5 B A 1 2 R
TR a T

2 MERBERNIEEIERECA

$i§%i§%§%§Lfﬁ%ﬁﬁﬁﬁ%
(ACE) 848K B8 7 Jl v IREET 73 ARSI B 73, %+
ARIRGHS [ i AR 73 AT 1 2 v 5 ugﬁfuﬁ
AR #E 22 1F 9 B b ef K, JE 1R B AR AL A
(PSOYIEAARALI 2 & 1K) B 18 2 DA R 5, oK
JIT SR gt 1) 4 JR) e D0 A 2 A 7 R MACON ACE i
BEAT JR) 78 3 X L L3 55, SE AR T ACE SR
[# % F B 28 T S BN AL BERCR AR 8, X T
PR BEAT 1 1 LR B R , e/ 17 KB X
X PRI T A SR R AR 1R R R
ARIFEREARAE WA 1 R

Neutron Image

h 4

Using Average Filter to

4
Initialize: Set the Particle
Swam’s Size, Initial
Position and Initial

Velocity

Find the Low
Frequency Part of

Image

Calculate the Value of the Objective
Function of Each Particle, Find

Every Particle’s Current pbest and

A 4

Calculate the High
Frequency Part of Image

the Whole Particle Swam’s gbest Update Every
Particle’s

Velocity and
Whether Position

the Iteration Termination
Condition Has Been

Met?

Get the Optimal Gain Factor

Coefficient a

Using the Optimal Gain
Factor Coefficient o to
»  Enhance the High

A

Frequency Part of
Image

Output: Tmproved
Neutron Image

1 BT
Fig.1 The flow chart of algorithm

20 BHERFAHIMEIIE

49 8 v 1 5 2R KO K 10 75 R, A SCR
PSO Stk T4 25 1 T R o B AR R, 46025 A

TRBENRLT 8 AR — B E K MR
RECR ARG T — & H 24 DRLT IR THED
FF X RL - R — AR BEAT 38 LA L B B AL

070504-3



% AR

2021, 44: 070504

WG4, BT 1E B — JOE AR # 2 iR B AR s E0T
At B3R 13 BB {H (fitness ), #7 fitness A& f
()24 T AN 4 A A0 Al WU)KS & A7 fi# A pbest, £ fitness
R HT R TR B A R s A, WK E ARG N
gbest, 78 J5 HR 4 pbest Al gbest X % ¥ -3k 47 f7 & Al

RS, HR A XA GO PR
vi™' = wv," + C,random (0,1) (pbest! — x!) +
C,random (0,1) (gbest! — x!) 3)
xl+1_x +vt+1 (4)

i RN AR A 5 e R IERIRE GV R R i A
WL E 5 ¢ R AN R E sl KR 3 i MR AES ¢
RIEARBT AL E . C~C, NI 2, B & N ANk
FHIMEZE AT, GE NIRRT R 25 2R
TLEEAC, = C, =2, T UTEAR G BN & &
FIATHE SN Sl . pbest! R & i NRLTTE S IR
BRI IR A A#  gbest! 7R 56 i MR T-1E 26 tIX
IEARS 14 R B A A
KO o N PER T, R &4/ T e
FIREF RS . 4 0 BORE, 42 7 AL RE 1858,
JaEFRRE 1SS . FREEEEARFHERN o f
Bl TR BE ) 4 R o IS8, T IR Bk 7 B
SEETR T R AMLVE N, SR S8 i BN 1T o 3G 58
JR AR R RE T, 75 B VG B P S IR A A R
fift o DRGSR FH 4 e ek v 1 3 . e % o, FLTH
ARG Fios:
O = Oy

= 0y = 5)

T 2 00 o T 0, 73 79 G AT L 5 AR B /M E 5
L NIRRIEAIEL

T 3 AN W e 32 AR BT, 4 R kAR B A
GEA R BUL B 5 RIEARIKEL 1,0 B &R T ULECT
BRAUE I, RIS 2 K5~ RERAT 1 A0
22 EFTNERE

TEXT Y 25 PR 7 RBCGHAT BT B ) AR
TR R B IR 32 2 e B, AR P AR A
BR BV A A5 21 (1) 38 M AH fitness & VP4 7 1 18
SRR P E B AR, T B B T AR TR AR
RENIBRS), FBER  P R E  AFE K ERX
YT B R Ilkt%;.lﬁﬁtt)#i*ﬁ}zﬁﬁtlﬂ?@{%
L EAG {5 BB R bR AR D EAR SRS
WK BEARE D7 22 AL AR VRAN R B
VERBRA KL B0 B br ek 25, FP O sk =X (6)
JTR :

max

fitness = a, H + o,Std (6)
s o, Moy 73 79 22 A5 SRS ABR A8 22 £E PP Ak o P

i LU, AL o e, 955 T 1/2, Fos HAI Std (5 B
A

HARFREUGE B, £ R G+, G RHER R
sk BEUZ A B e v, AT DR G ok i 2 KM T B
s BRI/, AT LR IR G OK B AR 53 A 1 2R
EEHRFAIE , J05 R I PR 1) K P AL AE — 2 Y ] A
Yo7, RINAERR b5 A2 PRGN bL B OK, MG T =
e, R R D TR

255

H= an logp, (7)

Horp:p, R EUE A K AR n Bt o5 LA

Std 3R EHMG bR 2= , bt 22 R R 12 BE 115
FAA IS 2, AT LA b v 22 18K (1) Ja 350 X 3,
G FEAETRA I T, 0 B R 5 [ 2 s A i 22 B /N 1
Jr R DX 38, AR FRABBRIS) 5, K LU B

Tk MAF B IR FN R A 22 PR N 4 B R it AT VR
i, ¥ 2 H br B B MEHES R iR v 2 B bR A 1 9
JL, M A 3 P 38 25 1R 3R R 8 B KA AR T
GAG BEAE RIS, W 1 5 1 BG40, 1
15 R GO B R K
2.3 BUHEREAERE

o3k 1) O RN b BE A AR A B vk B AR
FEN:

D#IANJE a6+ B .

2438 55 K1 R o B AERL T, W46 A0 1 25 D
FRERIMEEA . RN VoA B
x FHEE B v s B AR B B KAB 55 /M. @ o T 0 13 5 >
Kl C, M1 Cy B RIEAR IR E ¢, 56

DV NN T B2 oo o0l FORE
H HEIRBEARE T 2 Std, 5 BN 25 [ 1 R 8
()38 B FEAE (fitness)

4 FFE A N R U . W TS I iE
N FEAE KT JE AR AR AE pbest, W4 1% 38 25 K+
FHAT B AN 4T B A pbest, T 5 5 HT 5 3
i R R A0E A KT R 4 R s L. gbest, N
Kz 28 K1 S B AE R T4 R s (B R gbest.

5) FIT 2 I8 Bk AT b 254 CRIIE Bk AR K
Bt 00 A AR B T B H R AN 25 DR AR B
S48, Bh R 3) . B R s AT k& B
TE o

O ff FHIE AR A7t R B3 &5 7 R4l
(gbest) X EF 34T ACE Sk 3G s Ab #H

D& FEAE 2 5T EE .

070504-4



T A TR RO 1R & RN E FBE 1 5 SRR A o A o i

3 HRESSMH

N T ISR FIE A S PR BOR , A SO 2 iE T
R RSB B AT DAk I ke e rp B 2 AN 1EL 3 93531
oK B e BB Tl K 2 FRM- S 36 3E 1) 46
B it AT B P B b T IR R B 4 O BT
HINEG JJ 3 #5% b 5 5 R UK 206 1 b AT 496 4 i
PR AR R L 15 Dy b [ R T Be 9 e S it
HE e JEORR 2R AR IR A K ZE R T TR AR I R
AR SCEEAACEE R 5] 5 IR 1B \MSR 5Lk 4L 5t
ACE FA AL G R AT ORI L, I i Fan 715
SR AR T 35106 RE A BB LU FE = T3 L 5

Has .
iI||||I||| '

. —
B © S
/¢ /A
L
\ oS
¥, ~
N £ 7

E2  hRFES TR JE A P (2) JMSR S AL HE P (b)  ACE 573254 1 IR () AR ST B30 A 2 I (d)

3.1 MER¥TEE

NG A Rt E e AL e S
2R, A CUE R GRS AF IR R EIE X, b 41
TBIAG o B 2(b)AF1E i T G B Ak [R) )RR 32
T 5 3 B FEEE SR A A SIS . B 2(0) BAR
ST R R 7 T (A7 77 PR e P TR I S . SR A
A BES R G G e A HE 2 SR g R, TR
ot LU FEE 1 TR ) 4 e 40715 Ab B 45 31 TR S5 O O 4, AL
R E G N, X e AT . SRR R R,
P38 25 R R 55 o 06 B2 1) H b R 0B B AR IR B
SE 2R B LR S 6Ca)) , BRI E K L5 25 1K
IEAR IS ST 85 T B A A BT (o =0.000 102 419, fitness
=2.25552).

Fig.2 Neutron radiography of clock sample's original image (a), image processed by MSR algorithm (b), image processed by ACE
algorithm (c) and image processed by improved adaptive contrast enhancement algorithm (d)
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Fig.3 Neutron radiography of turbine plate's original image (a), image processed by MSR algorithm (b), image processed by ACE
algorithm (c) and image processed by improved adaptive contrast enhancement algorithm (d)
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Fig.4 Neutron radiography of lines and ladder samples' original image (a), image processed by MSR algorithm (b), image
processed by ACE algorithm (c) and image processed by improved adaptive contrast enhancement algorithm (d)
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Fig.5 Neutron radiography of sparkplug's original image (a),
image processed by MSR algorithm (b), image processed by
ACE algorithm (c) and image processed by improved adaptive
contrast enhancement algorithm (d)
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