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Abstract; In consideration of the lower imaging Signal to Noise Ratio(SNR) and serious mixed noise of
a micro-focus X-ray inspector, a denoising method was proposed for the images corrupted with mixed
multiplicative noise and additive noise. Firstly, an image model was established to represent the
micro-focus X-ray images with mixed multiplicative and additive noises. Then, to remove the mixed
noises, the objective functions were proposed based on the principle of total variation and sparse

representation. Finally, the multiplicative noise and the additive noise were removed by explicit
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difference method and gradient projection in steps. Experiment results show that the proposed method
enhances the Mean to Standard deviation Ratio(MSR) of the images by 10. 9% in smooth areas, the
Laplacian Sum (LS) by 15. 6% in detail areas as compared with total variation algorithm for the
additive noise model. The experiments demonstrate that the proposed method not only removes the
mixed noises in X-ray image but also retains the details of the image edge. It meets the requirements
of integrated circuit detection for image smoothness and detail definition.

Key words: micro-focus X-ray detection; X-ray image; total variation model; sparse representation;

mixed denoising
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Fig.1 Micro-focus X-ray images polluted by mixed noise
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Fig. 2 Experiment results of capacitor image

o6 M R B 2 Ca) BB R X SR A KR
T MRS DL R F BAS SO $R R 1 5 At 4 A
FOETE EBRE S X LB M S Rt A
SCRE L 2 v 45 Tl A T T DXJORT A8 T DX 8 ) AH ) 5
F AT R B R 37 R Canny 1 2% 46 1) A1 3h 2%
SR R G T SF AR B AR ) A T R AR DR B RE L 4
St 3 FE 4 s, B 3(D Canny #1246l

(a) fRALHLE S

(a) Unprocessed image

(b) BB %
(b) Average filter method

(1 45 2R TR, AS SO VA TE B BR IR 45 M P 1 TR I, fiE
B 3 O B O G RRAE L o2 BE ARG I Y T R A S
%, EL4Ch) ~ (1) By 321 G5 B A I 1810, 2
L U D2 R o 30 D 04 B 12 P A BRUIR BB M L T
SR JBE 58 SR G 25 P MR PR R AR G 2 SR M IR 7R
S B (Y 100 2 58 B WS RS T AR ORI LRI A
MOPETEAR L G X AP e 2 1 T4

(o) i HT B ik

(¢) Gaussian filter method



5114 LR A L R AT X R BRI R R TR ) 2 B 3105

(d) B o e 75 B30k (o) AR5y 2 3fe M e 7 33 (O ACH 3
(d) TV algorithm for additive (e) TV algorithm for multiplicative (f) Proposed algorithm
noise model noise model

(g) (a) ) Canny i Z& 4 I & (h) (b)Y Canny 1 Z& £ 0 & (1) (o) Canny 3 Z& K5
(g) Canny edge detection of (a) (h) Canny edge detection of (b) (1) Canny edge detection of (c¢)

() (D W) Canny 321 2% K 1 [K (k) (e) i) Canny 321 Z& 4  [&] (D (DK Canny 31 246 &
(j) Canny edge detection of (d) (k) Canny edge detection of (e) (1) Canny edge detection of (f)

K3 LA BT XU B R

Fig. 3 Local images of capacitor in smooth area

(a) Fphb 2R (b) HIHIE I HEE CONN=E: /-3 A= RS
(a) Unprocessed image (b) Average filter method (¢) Gaussian filter method

1 1 |

f,
i.
Il
{ {

(d) SR 3 5 fin P e 7 B3k () BB 43 2 Tt I 7 Bk (D AL
(d) TV algorithm for additive (e) TV algorithm for multiplicative (f) Proposed algorithm

noise model noise model



3106 e KRR 5522 %

(g) (a) MY 30 25 55 5 A6 ) & (h) (b)) 300 2 5 B G 1 (D (o) I 2 Sk o B A Il &1
(g) Edge strength image of (a) (h) Edge strength image of (b) (1) Edge strength image of (¢)

G () B3 Zonm 3 e ) %] (k) Ce) fY 70 25 i 2 A ) 141 (D (D Y37 Sk A I &
(j) Edge strength image of (d) (k) Edge strength image of (e) (1) Edge strength image of (f)
B4 AR AN X R R R E
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Fig. 5 Experiment results of the first IC component
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Tab.1 MSR results of capacitor’s local image in smooth area
Algorithm
Image Original ~ Average  Gaussian Denoising additive  Denoising multiplicative Proposed
image filter filter noise TV method noise TV method algorithm
Capacitor image 21.668 8 25.504 0 24.641 5 25.958 5 25.959 0 26.143 1
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Tab. 2 Evaluation results of capacitor’s local image in detail area
Algorithm LS GMG ACM El
Original image 18.326 2 3.665 0 20,484 0 0.027 4
Average filter 3.579 6 1.145 8 20,255 7 0.012 6
Gaussian filter 6.187 4 1.628 2 20.271 3 0.015 8
TV algorithm for the additive noise model 8.2250 1.625 6 20.310 8 0.019 0
TV algorithm for the multiplicative noise model 8.210 3 1.616 5 20.310 6 0.018 8
Proposed algorithm 9.359 3 1.736 9 20. 314 4 0.019 3
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Tab. 3 Objective evaluation results of different kinds of Micro-focus X-ray images in IC
TV algorithm for the additive noise model Proposed algorithm
Image
MSR LS MSR LS

Image 1 25.958 5 8.2250 26.143 1 9.359 3

Image 2 49.414 9 6.457 5 63.526 6 6.681 7

Image 3 54.423 8 3.612 3 59.218 1 3.7397

Image 4 43.402 4 8.523 7 49.995 4 9.457 2

Image 5 41.219 9 4.901 0 47.277 2 5.766 7

Image 6 45.565 8 5.629 2 55.587 1 6.542 9

Image 7 49.599 1 8.767 4 54,497 2 10. 376 6

Image 8 53.303 1 3.469 9 59.207 6 4.142 4

Image 9 49.043 8 7.553 7 56.476 9 9.102 8

Image 10 41.385 6 4.466 8 44. 468 0 4.814 9

Image 11 24.125 2 22.1910 24,3111 22.750 8

Image 12 69.300 9 2.199 2 80.676 3 2.711°7

Image 13 43.756 1 3.620 5 45.699 3 4.994 9

Image 14 61,346 2 2.427 2 74.869 0 2.908 2

Image 15 35.407 5 3.750 5 40. 581 4 5.552 3

Image 16 32.737 6 4.015 2 34.025 7 4.701 5
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