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Multi-focus image fusion based on properties of local extrema

Yang Da'”, Wang Xiaotong' , Xu Guanlei®, Wu Junbo’
1. Department of Navigation, Dalian Naval Academy, Dalian 116018, China;
2. Department of Military Oceanography, Dalian Naval Academy, Dalian 116018, China;
3. PLA Unit 91550, Dalian 116023, China

Abstract: Objective A key question of multi-focus image fusion is how to decide the clarity of the source images. To solve
this problem, a new focus measure is proposed. Method The new focus measure based on properties of local exirema is
proposed, namely, the normalized structure extrema. We propose a fast image fusion method based on the new focus meas-
ure and a quick estimation of the fusion decision matrix. Result With the new criterion of image clarity and the fusion meth-
od introduced in the paper, multi-focus image fusion yield superior performance than the conventional approaches in terms
of the test results. Conclusion Normalized structure extrema number is a new focus measure that can judge the clarity of a
region effectively and more robustly against pulse noise. Compared with some traditional methods of multi-focus image fu-
sion on both the subjective visual effect and objective evaluation, it indicates that the presented method improves the fused
results and efficiency saliently.

Key words: image fusion; multi-focus image; extrema; clarity of image
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Fig. 1 Examples of structure extrema in reference[ 19 ]
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Fig. 2 Examples of structure extrema in this paper
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Fig. 3 Block extracted from Lena and blurred
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versions with different standard deviations

il 523 [a)45i 3 SF (spatial frequency ) FiI Lapla-
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I VBT LE A 1 PRV He i i 5 R o B S BOR EE R A5 3]
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(a) JR BB (b)c=0.5 (c)o=0.8
NSEN=0.763 7 NSEN=0.619 1 NSEN=0.442 4

(d)o=1 (e)o=1.5
NSEN=0.412 | NSEN=0.383 8

4 M Peppers [EI{5 Pl B P {58 B AN [R] R AR RO 00,
Fig. 4 Block extracted from Peppers and blurred

versions with different standard deviations

%1 Lena BEARESRA/NERT 3 MEIRAFIBT £

Table 1 Accuracy rates of three indexes of Lena blocks in different cases

4 x4 8 x8 16 x 16 32 x32
SF EOL NSEN SF EOL NSEN SF EOL  NSEN SF EOL  NSEN

I, 0.8945 0.9016 0.9465 0.9297 0.9883 0.996 1 0.9453 1 1 0.984 4 1 1
Z; I, 0.9165 0.9355 0.9429 0.9551 0.9961 0.9990 0.964 8 1 1 1 1 1
I L, 0.9277 0.9440 0.964 4 0.9636 0.9941 1 0.976 6 1 1 1 1 1

I, 0.9321 0.9580 0.9771 0.9727 0.997 1 1 0.984 4 1 1 1 1 1
A I, 0.7104 0.7402 0.8569 0.5508 0.5645 0.9521 0.6289 0.6016 1 0.6563 0.6250 1
iﬁl} I, 0.7141 0.7502 0.6870 0.5537 0.5654 0.9561 0.6133 0.6250 1 0.6250 0.6563 1
;ﬁ% I; 0.7295 0.7612 0.7434 0.5771 0.5752 0.968 8 0.6055 0.5781 1 0.6719 0.609 4 1
& 1, 0.7400 0.7742 0.7981 0.5879 0.6016 0.9834 0.6523 0.5938 1 0.6406 0.5625 1

%2 Peppers EEARESRK/NERT 3 ANHEARAH] i A # E
Table 2 Accuracy rates of three indexes of Peppers blocks in different cases
4 x4 8 x8 16 x 16 32 x32
SF EOL NSEN SF EOL NSEN SF EOL ~ NSEN SF EOL  NSEN

I, 0.9882 0.9649 0.9591 0.9973 0.9946 0.9980 0.996 1 1 1 1 1 1
I?E I, 0.9684 0.9786 0.9897 0.9788 0.9966 0.9993 0.976 6 1 1 1 1 1
S
7 I, 0.9646 0.9825 0.9901 0.9761 0.9976 0.9995 0.9756 1 1 1 1 1

I, 0.9623 0.9852 0.9914 0.9709 0.9980 0.999 8 0.9727 1 1 1 1 1
H I, 0.7579 0.7873 0.9236 0.5686 0.5981 0.9934 0.5547 0.5234 1 0.5820 0.5469 1
E} I, 0.7591 0.7977 0.8174 0.5793 0.6072 0.996 6 0.5313 0.5017 1 0.5703 0.5469 1
@ L, 0.7550 0.7976 0.8754 0.5840 0.6064 0.9973 0.5615 0.5449 1 0.5625 0.5234 1
ol 0.7497 0.7956 0.9254 0.5925 0.6062 0.9978 0.5527 0.5205 1 0.6445 0.5859 1
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Fig. 5 Clear and different focused images of Barbara
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(a) M5

(b) ILAL SRS

(c) WAL R R

[§1 6  Peppers ¥ Bt 15 KA ) 58 £ (1R
Fig. 6 Clear and different focused images of Peppers
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Table 3 The effects of different fusion parameters on efficiency and quality for Barbara

HREHRN REGE NN HRHRN TR RN
(RN 4 x4) (SR 8 x8) (PR 16 x16) (M HR/INA 32 x32)
4 x4 4 x4 6 x6 8 x8 4 x4 6 x6 8 x8 6 x6 8§x8 16 x16
[EIES VS 0.426 0.123  0.147 0.187 0.047 0.050 0.059 0.024 0.027 0.045
RMSE 0.8504 0.8197 0.5752 0.5752 0.8073 0.7080 0.6774  0.82 0.82 0.82
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Table 4 The effects of different fusion parameters on efficiency and quality for Peppers

HEHRN BRI/ HEHRAN TR RN
(IR 4 x4) (IR 8 x8) (ITPRIF/NHg 16 x16) (7PHR/INA 32 x32)
4 x4 4 x4 6 x6 8 x8 4 x4 6 x6 8 x8 6 x6 8§x8 16x16
Bl At a]/s 0.429 0.120  0.147 0.186 0.044 0.049 0.060 0.025 0.026 0.047
RMSE 0.644 1 0.8209 0.7735 0.7809 1.1947 1.1498 1.1153 2.1348 2.1348 2.2251
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Fig. 7 Fusion results of different methods for Barbara
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Fig. 8 Fusion results of different methods for Peppers
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Fig. 9 Details of fusion results of different methods for Barbara
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Fig. 10 Details of fusion results of different methods for Peppers
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Table 5 Performance comparisons of fusion results for Barbara
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Table 6 Performance comparisons of fusion results for Peppers

SCHRE2 ] SCHRL6 ) SCHk[ 14 ] SCHR(8 | ASCR %

SCHRE2] SCRR6 ] SCHRE 141 SCRR(8 | ASCR %

FEi&BTE)/s 0.272 168.706 2.363  0.221  0.148

RMSE
0"

2.1678 0.9293 0.7089 0.6092 0.5752
0.776 6 0.7969 0.8037 0.8035 0.8040

Eh&BTEl/s 0.269  166.900 2.219  0.222  0.147

RMSE
0"

2.4133 0.8401 1.3353 1.0078 0.7735

0.6782 0.7207 0.7205 0.7227 0.7239
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Comparisons of fusion results for Barbara with added salt and pepper noise
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Fig. 12 Comparisons of fusion results for Peppers with added salt and pepper noise
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Table 7 Performance comparisons of fusion results for

Barbara with added salt and pepper noise
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Table 8 Performance comparisons of fusion results for

Peppers with added salt and pepper noise

SCHR[2] SCHk[6] Sc#k[14] SCmk[8] ASCHEM: SCHk[2] Scmk[6] SCER[14] SCEk[8] A SCEE

RMSE 3.9819 5.5565 1.3857 2.1532 1.2733 RMSE 3.7568 4.8795 1.8676 2.3517 1.3456
QAB/F 0.6815 0.5349 0.7291 0.7053 0.7296 QWF 0.6320 0.5108 0.6468 0.6267 0.6500
W ) 328 H LT NSEN 1 £2 3% £ &% o o il

4 & & Frid o A SO N TR B B T e fy R

ARG B SRR B AE SC, B T — 1k
LSRR AEL R H NSEN A 15 Fil 5 11 15005 22 1) 41

AR T RSB A ROR , 18 i S5 B 80 42 4
(CREUE & RFE Y SRR g 8= N R NI 4 3
PRSI Y O 32, - EL R PR M 7 ) 5 e

© [ K G BT AR AU A



0019

E19%5 /518 /2014F1 8 ik, TEE, #EE, RER / AABBRERFENSREEGRERS

T i > 2 [ ¥
(c) Peppers {4 fili £ 45 (d) (c)Xf I RS RE B
13 i T AL (R
S5 SR N (4 il DR 3

Fig. 13 Comparisons of fusion results for Peppers

with added white Gaussian noise
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