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Industrial CT image enhancement method based on improved
whale optimization algorithm
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Abstract: In order to solve the problems of foreground occlusion, background noise interference, and low contrast in
industrial CT images, an image enhancement method based on the improved whale optimization algorithm is proposed.
First, tent mapping is used to initialize the population of the whale optimization algorithm, and the global search
capability is improved by making the whale population more widely distributed. Lévy flight is then used to update the
position of individual whales to further improve the local search capability of the algorithm. Finally, the improved
whale optimization method is applied to find the best parameters of CLAHE and achieve the adaptive optimal
Experimental results show that compared with several popular image enhancement

enhancement of the image.

algorithms, the method proposed in this article can better enhance industrial CT images, significantly improve image

quality, and retain more detailed information.
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Fig. 1 Pixel allocation diagram
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Fig. 2 Distribution histogram of four chaotic maps
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LA UL B TEAN 18 A ok 0 Ak IR A5 1 58 9 280 A8 S0k
FEREEBIRECA ) = s = 1ap, = 10,
TLWOA-CLAHE By B4 BT Fiw .
DA T CT BRA T R B LR EE

db 5
H 5o

DV HEAL S BT 8 i Tent W&t k47 15 1L FhBE .
AR (6) ~ (O FIR (15)CFE W Levy 1756 15k
EHALE .

VIHHEALTLWOARY
SHCRFhEE

St A A BB AT I
CLAHEAb

EFETLWOAR
BAFRER

K 3 TLWOA-CLAHE i
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PRI Y g Fen | AL %

S
F.(z) = D)t 100 [—100,100] 0

i=1

Yy ow T
F,(x) = >)10° &% 100 [—200,200] 0
i=1
‘
Fo(x) = 2,100(x,, — a2 + (x, — 1) 100 [—95,95] 0
i=1
. 5.1 ) . ) 5 2
F.(x) = 4—22‘,(1, — 1?1+ 10sin(rz, +1°) + —(x, — 1° 100 [—32,32] 0
b1l bid

N
F.(z) = > iz! 100 [—50,50] 0

i=1

.
Fo(x) = 2,10+ 27 —10cos(2nz,) 100 [—100,100] 0
i=1

E e RIEARUE 500 AR LA 5k A9 A e MU S 100 >
[A] LA S 100 4

3R TN R T ik A R K L i T A
HRE S 9 45 R o, 76 6 Fh s e& 8L PSO 19 TR ROCR
25 AR SCER I 1 TLWOA 19 SRR B df . X T PSO

K, TLWOA FHRB W e/ MERZ AT 13 M5
R AERENRSE. T WOA KL, TLWOA Wik
AR ZHRTE T 2 MEE Y, BUE T A SO 48 W stk or ik
MIRR . LA, TLWOA 7 & AR - 3406 0 22, i
WEBRZ 7 A 2 S AR 5 ek

®3 HEIMER

Table 3 The optimal results of algorithms

B 4 i+ 48 b5 FA PSO ACO WOA TLWOA
EALE 1.571 7X10° 2.044 1X10" 5.140 7X10° 3.743 3X10 8.752 8X10 °
F1 SOl 3.857 1X10° 6.393 9X 10" 5.335 0X10° 1.076 7X10 * 4.101 110"
% 9.692 7X10° 8.050 3 10° 1.573 6X10° 5.401 7X10°° 3.195 9107
RAAE 3.134 0X 10 1.215 8X10° 1.318 9107 4.016 1X10° 1.494 5107
F2 FHIE 5.333 4X10 2.162 4 X 10° 1.578 0X 107 2. 667 4X 10 3.032 1X10°
J5 22 3.797 7X10" 3.003 5X10" 3.128 7X10" 7.030 1X10" 1.789 910
EALE 3. 666 710 3.070 7X10° 5.541 6X10° 5.528 3X10° 5.020 1X10*
F3 -5 {E 1.084 7X10° 1.570 3X10" 6.432 9X10° 7.476 8X10° 6.977 6X10'
% 9.980 1X10" 7.695 810" 2.019 4X10° 6.520 5X 10 3.958 610
wAAE 5.569 610" 7.732 4X10" 3. 467 9X10° 4.910 1X10 3.369 2X10°
F4 FHE 6.897 810 9.972 6X10° 3.730 9X 10 7.333 5X10' 5.308 1X10'
i 2 1.095 3X10° 2.078 7X10° 1.914 8X10° 5.231 2X10° 1.294 9X10°
BALE 1. 021 3X 107 7.053 4X10° 2.651 1X10° 3.618 8X10* 5.371 2X10°*
F5 SOl 3.872 3X10° 1.039 7X10" 2.836 4X10° 2.713 7X10° 3.307 7X10°
% 1.066 910" 8.003 9X 10" 1.267 7X10° 5.107 2X 10" 1.634 0X10°
wAAE 4.507 0X10° 3.288 5X10° 1. 361 2X10° 4.135 8X10° 1.135 610"
F6 5 {E 6. 480 4 10° 6.171 7X10° 1.414 0X10° 1. 057 9X10° 4. 686 310’
i 2 1.355 2X107 3.983 8X10° 7.885 5X10° 2.731 0X10° 6.207 1X10°

B 4 AT SRR T A Bk e R R P ROl I
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Fig. 4 Convergence curves of different optimization algorithms
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EEE- ) 86 FF (average gradient, AG) , {5 B4 (information
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FIPE R R L L3 AT R0 SR I ROR

AG Z—Fs WLy I T4 B B BT R 1 A, B R
KEFEUR TR F K A R AR . I AG 1
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FoREUG B B gy . Bk, AG AT LK
ASTIF T VAl G B T A7 13 D B 1 1) 3 8 B, DT A s 38
FUR AL A BT I R . AG BB AT FiR, 2

M AR B R AE B AR R SR N AR R
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Ay Guj) AR B G L7 1 BB
L 1L N A G Ay GL)?
AC= N 2, EJ 2
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(4 R AN AR (LR B TE i e 19 RS G LA
FHE B SR AE S A B K IE R B TE L T L
B By A5 IR A B 20 My B AR b B e . TE 13t
BT PR b ¢ RoR IKEAF . PG AARIKBE
i BLEHER KD

IE = — D> P(iDlog, P (i) (18)

SD J2 FH kAl 5 G AG 38 K B A8 A8 AL B B 1) — Fh 5 1
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B/ B AR R AT R IR MG Z A . X E B Tt
BARWM TR Hd 0G ) RFEMERFE S IKE 208,
P, GLj) RREABBRE SWIKEEZ R 6 MRR T ikS,
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FAR T BRI 5 B IF B ER B R L B AT 4R
Fh o (845 Bk A A 145 Hp B4 AL A 2R S0 4 B0 AT S5 3 B
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Table 4 Evaluation index results of image enhancement

Bl b RIS J5 I Laplacian HE WT TLWOA-CLAHE
AG 48.413 9 51.597 2 142.228 2 59.930 4 159.141 9
TR 1E 5.999 2 5.991 8 7.016 5 6.236 9 7.480 4
SD 78.866 0 77.056 6 84.432 5 97.478 1 78.957 2
Xt He 56.987 6 87.932°9 565.041 8 86. 189 4 711.959 9
AG 50. 848 5 53.967 4 151. 826 4 62.938 7 162. 696 1
1IE 5.966 0 5.968 0 6.940 9 6.2011 7.488 0
D2
SD 76.705 7 74.769 3 84.733 2 94.787 5 79.382 6
Xt 62.094 2 95.479 6 650. 983 1 93.857 6 727.9727
AG 52.735 3 56. 363 4 159.163 6 65.968 1 169. 092 4
IE 5.929 2 5.942 3 6.954 1 6.177 4 7.477 4
DA
SD 77.138 6 75.125 6 84.695 2 96. 294 4 80.595 5
XF L 67.703 5 105. 388 2 704.914 7 104. 917 0 795.220 6
AG 47.173 4 50.115 1 140. 229 5 59. 267 4 157.275 9
1E 5.975 5 5.974 1 7.008 7 6.2312 7.486 3
P 4
SD 78.920 9 77.202 7 84.499 5 98.979 0 78.449 3
XF L B 53.139 8 79.902 4 539.619 0 83.370 7 677.233 7
AG 48.511 6 51.617 4 138.078 8 60.675 0 157.719 5
1IE 5.966 3 5.969 4 6.946 0 6.215 8 7.499 9
YIRS
SD 79.2855 77.496 3 84.676 3 98.972 9 79.444 6
XF LR 57.935 9 86.176 4 528.052 7 89.861 5 683. 265 2
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