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Abstract: Aimed at the problem of automatic focus and image system quality evaluation in microscopy imaging, a
micro-image definition evaluation method is presented by combining multi-scale decomposition tools and absolute
gradient operators. The multiscale and multidirectional non-subsampled Shearlet transform is utilized to decompose
the input micro image into a low frequency sub-band image and a number of high frequency sub-band images.
Combined with the anti-noise threshold setting, the gradient absolute sum values of each sub-band image were
calculated. By using the different effects of image sharpness on the low-frequency and high-frequency sub-band
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coefficients, the ratio of the high-frequency to low-frequency gradient absolute value operator was taken as the final
evaluation value of the microscopic image sharpness. The simulation experiment and actual experiments were car-
ried out and the experimental results illustrated that the proposed approach has good monotonicity and anti-noise
characteristics. Compared with other classic evaluation algorithms, the presented method obtained superior per-
formance on sensitivity, stability and robustness. It has very good practical application values.

Keywords: micro-images; image definition evaluation; non-subsampled Shearlet transform (NSST); gradient abso-
lute value
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Fig. 2 Micro-image definition evaluation method using multi-scale decomposition and gradient absolute value
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Fig. 3 Simulation results for microscopic images of different image blur. (a) Sharp image; (b) Gaussian blurred image o =1; (c) Gaus-

sian blurred image o =2; (d) Gaussian blurred image o =3; (e) Gaussian blurred image o =4; (f) Gaussian blurred image o =5
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Table 1  Evaluation results for simulated microscopic image sequence of several compared methods

Tenengrad EOG LS GMG AG Proposed
=0 3.749x10° 87.43 9.257 2111 3.771 1.749x10™
o=1 2.484x10° 42.48 3.536 1.472 2.585 1.065x10™"
o=2 1.598x10° 25.67 1.753 1.144 2.228 5.082x102
o=3 1.189x10° 18.82 1.163 0.9793 2.107 1.823x1072
o=4 1.014x10° 15.97 0.9316 0.9022 2.059 4.705x10°
=5 9.356x10? 14.72 0.8342 0.8661 2.037 1.148x1073
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Table 2 Comparisons of sensitivity parameter for several definition evaluation methods

Tenengrad EOG LS GMG AG Proposed
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Fig. 4 The schematic diagram of noisy microscopic image sequences with different sharpness
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Fig. 5 Normalized evaluation value curves for noisy microscopic image sequences
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Fig. 6 Actual micro-image samples. (a) Plant cell mitosis image; (b) Onion scale epidermal cell image
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Table 3 Evaluation results of plant cell mitosis image

Tenengrad EOG LS GMG AG Proposed
1 122.9 3.717 4.720 0.4354 2.410 2.147x10°®
2 235.4 5.925 5.227 0.5497 2.891 4.465x10°
3 358.5 8.412 5.706 0.6549 3.386 1.368x10
4 658.1 14.56 6.719 0.8618 4.455 2.166x10?
5 1246 27.40 8.824 1.1820 5.860 4.892x1072
6 1493 33.30 10.04 1.3031 5.749 5.367x10
7 664.9 14.97 7.062 0.8736 4.066 1.530x102
8 393.3 9.239 5.968 0.6864 3.369 7.278x10°3
9 255.0 6.388 5.370 0.5708 2,916 5.278x10®
10 183.1 4.926 5.026 0.5012 2.641 2.070x10®
11 136.7 4.000 4.806 0.4516 2.443 2.061x10°
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Table 4 Evaluation results of onion scale epidermal cell image

Tenengrad EOG LS GMG AG Proposed
1 299.0 7.304 5.494 0.6103 4.862 2.438x10°°
2 477.9 11.00 6.198 0.7489 5.245 5.652x1073
3 587.6 13.36 6.642 0.8255 5.627 1.137x102
4 767.2 17.37 7.347 0.9411 6.169 3.526x1072
5 919.7 20.99 8.023 1.035 6.551 4.223x107
6 732.7 16.89 7.368 0.9279 6.001 3.263x1072
7 539.7 12.60 6.604 0.8017 5.379 1.764x107
8 381.5 9.156 5.936 0.6832 4.816 6.008x10°
9 300.5 7.470 5.588 0.6172 4.493 2.877x10°
10 231.7 6.027 5.276 0.5544 4.178 1.896x10°
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Fig. 7 Normalized evaluation value curves for actual micro-image samples. (a) Plant cell mitosis image; (b) Onion scale
epidermal cell image
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Table 5 Comparisons of sensitivity parameter for several definition evaluation methods of actual micro-images
Tenengrad EOG LS GMG AG Proposed
0.918 0.889 0.530 0.666 0.589 0.958
0.748 0.713 0.342 0.464 0.362 0.955
~
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Micro-image definition evaluation method using multi-scale decomposition and gradient absolute value

Overview: As an important instrument for observing the micro world, optical microscope has been widely used in
medical health, biological detection, industrial production and other related fields. The evaluation and determination of
micro-image clarity has a direct impact on the accuracy of microscopy autofocus and has become an important index to
measure the imaging quality of microscopy system. With the development of multimedia technology and digital image,
the requirements for automation of microscopic instrument and equipment have been gradually improved, and more
and more attention has been paid to the image process-based image sharpness evaluation algorithm, which is of great
significance for realizing rapid and accurate microscopic autofocus and imaging system performance evaluation.

In this paper, a micro-image definition evaluation method is presented by combining multi-scale decomposition tools
and absolute gradient operators. The non-subsampled Shearlet transform (NSST) is utilized to decompose the input
micro image into a low frequency sub-band image and a number of high frequency sub-band images. NSST is a very
effective image multi-scale decomposition tool proposed in recent years. Its mathematical structure is simple and has
the characteristics of parabola scale, stronger directional sensitivity and optimal sparse. It can better express the image
contour, edge, texture and other detail, which is suitable for image feature extraction and can provide more judgment
information for the sharpness evaluation algorithm. Meanwhile, combined with the anti-noise threshold setting, the
sum of gradient absolute (SAG) values of each sub-band image was calculated. The SAG operator replaces the square
operator in the energy gradient function with absolute value calculation, which reduces the complexity of the calculation
and improves the operation efficiency while representing the edge clarity of the image. At last, by using the different
effects of image sharpness on the low-frequency and high-frequency sub-band coefficients, the ratio of the
high-frequency to low-frequency gradient absolute value operator was taken as the final evaluation value of the micro-
scopic image sharpness. In order to verify the performance of the algorithm, the simulation experiment and actual expe-
riments were carried out. Image sequences with different degrees of blur were simulated and captured and several com-
pared image sharpness evaluation methods were used to give out objective evaluation index values for these image se-
quences. The experimental results illustrated that the proposed approach has good monotonicity and anti-noise charac-
teristics. Compared with other classic evaluation algorithms, the presented method obtained superior performance on
sensitivity, stability and robustness. It has very good practical application values.

Citation: Cui G M, Zhang K Q, Mao L, et al. Micro-image definition evaluation using multi-scale decomposition and
gradient absolute value[J]. Opto-Electronic Engineering, 2019, 46(6): 180531
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