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Abstract. Aiming at the poor effect of medical image feature recognition and detail judgment,
three-dimensional visualization modeling of medical image is needed. A three-dimensional (3D)
visualization modeling algorithm of medical image based on machine learning and edge contour
feature detection is proposed. Firstly, the distribution matrix of three-dimensional visual gray-
scale pixels is constructed for medical images. According to the distribution of pixels, the
blurred areas in medical images are de-noised and separated to extract their edge contour
features and avoid noise interference. Secondly, the image edge contour features are visually
decomposed to construct the three-dimensional contour of medical images. Finally, the machine
learning method is used to reconstruct the three-dimensional contour visually, and the three-
dimensional visualization model of medical images is established to realize the three-
dimensional visualization modeling algorithm design of medical images based on machine
learning. The simulation results show that the method has better feature resolution, higher
accuracy of detail feature extraction and better effect of three-dimensional reconstruction, and
improves the effect of feature recognition and detail judgment of medical images.
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1 Introduction

3D reconstruction of medical image is an advanced medical image processing technology. With the
development of medical image processing technology, 3D reconstruction of medical image using image
processing technology can not only reconstruct the 3D surface of the object, but also reflect its internal
structure, providing realistic display for doctors. Using medical images to judge pathological features can
improve the ability of identification and diagnosis of pathological features, which plays a very important
auxiliary role in disease diagnosis and treatment [1-2]. It can be seen from this. Combining the three-
dimensional visual feature reconstruction method to realize the three-dimensional feature detection of
medical images, and researching the three-dimensional visual reconstruction methods of medical images
is of great significance in the analysis and processing of medical images [3].

The existing medical image reconstruction technology is often a knowledge-based expert system, which is
subjective to a certain extent. Machine learning is a widely used image processing technology, which is highly
active in the field of artificial intelligence and has become a hot topic in medical image processing. In Literature[4],
machine learning algorithm is applied to neuromuscular disease image recognition research, and four machine
learning algorithms are used to test the subjects respectively. The results show that deep neural network has better
image processing technology. In Literature [5], image segmentation is based on machine learning, convolution
neural network is analyzed, and network model is constructed for image segmentation, and the results show that the
effect is better good.

In this paper, machine learning is used for 3D visualization modeling of medical images, and the performance of
the algorithm is verified by experiments. The results show that the proposed algorithm has good 3D reconstruction
effect. The main contributions are as follows:

(1) The method of region feature reconstruction is used to decompose the 3D visualization features of medical
images, and the 3D contour distribution model of medical images is constructed to provide the basis for medical
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image processing; (2) According to the pixel distribution, the fuzzy areas in the medical image are denoised and
separated, and the edge contour features are extracted to avoid noise interference; (3) The machine learning method
is used to detect and reconstruct the 3D visualization of medical images. Combined with the block feature matching
method, the 3D visualization reconstruction and modeling of medical images are realized. The superiority of the
algorithm is verified by multiple indexes.

2 Related Work

At present, the research on 3D visualization modeling technology of medical images has been carried out
by a lot of related scholars. Deng Jianquan [6] et al. studied the three-dimensional visualization modeling
of renal blood vessels in small pigs. A pair of fresh, normal in vitro piglet kidneys were infused into the
abdominal aorta (red) and “titanium oxide epoxy” fillers, and the vena cava (yellow, right renal vein
ligation) was infused. Two-dimensional images were acquired with a 128-slice spiral CT thin-layer scan.
The 3D visualization model was successfully reconstructed with the software MIMICS19.0. Cai [7] et al.
used a medical image three-dimensional visualization system to accurately predict liver volume after
liver resection. Between January 2010 and June 2016, 69 patients with liver cancer underwent MI-3DVS-
based liver resection, and all patients underwent CT scans 5 days before and 5 days after surgery. CT
images were reconstructed with MI-3DVS and assisted hepatectomy. Simple linear regression, intra-class
correlation coefficient (ICC), and Bland-Altman analysis were used to evaluate the relationship and
consistency between actual liver resection volumes (AELV) and predicted liver resection volume (PELV).
Peng et al [8] discussed a highly dynamic image algorithm based on the layering of the guide filter image.
First, the image of the guide filter was decomposed into two parts of infrared images. Then the image
details are preserved and re-synthesized, which improves the calculation efficiency and maintains the
detail enhancement ability in the subjective and objective evaluation of the human eye. However, the
limitation of the above algorithm lies in the uncertainty of the degree of detail retention when
decomposing the infrared image, which causes a slight error in the image synthesis.

This paper proposes a 3D visualization modeling algorithm for medical images based on machine learning. First,
the edge contour features of medical images are taken to construct a three-dimensional contour line visualization
distribution model, and machine learning methods are used to visually reconstruct the three-dimensional contour.
The results show that the proposed algorithm feature resolution is good, the detailed features can be accurately
extracted, and the medical image reconstruction effect is good.

3 Three Dimensional Contour Distribution of Medical Images

3.1 Extract Edge Contour Features of Medical Images

Construct a three-dimensional visual gray-scale pixel distribution matrix for medical images, and
perform noise reduction and separation processing on blurred areas in medical images based on the pixel
distribution to extract the edge contour feature amounts to avoid noise interference. In order to realize the
three-dimensional visualization modeling of medical images, the visual distribution analysis of edge
contour features of medical images needs to be performed first, and the extraction of edge contour
features is the basis of visual analysis [9]. Therefore, let the spatial matrix of the gray pixel distribution
sequence D of the three-dimensional medical image be:

5 { I’ [XIV} O
= 2'

11, I
Where, /. and [ , represent gray pixels of medical image.

According to the pixel distribution, the blurred area in the medical image is extracted, and the blurred area
E (Tn) can be expressed as:

1 & 2
E(Tn)=ﬁ§||p,- ~T,(g)| +7-®(T,)1.1, )

Where, (D(T ) is the fuzzy pixel integration vector. p, is the pixel blur vector of medical imag. N is the

n
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pixel sequence value. 7 is the blur coefficients of gray pixels in medical image [10-11]. Combine the fuzzy
information fusion method to obtain the fuzzy weighting function of medical image f(g,) as:

w 0. N, -
F(g)=aE(T )2y L [ ®
j=0 ‘U,.j‘ +&/ j=0 ‘Uij +&

Where, ¢ E is the specific fuzzy area, and ‘5:/‘ is the image information’s absolute value from i to ;.

Zi is the fusion coefficient, p; is the weight matrix, & is the pixel variance. In order to avoid noise

interference in the process of extracting features of medical images, noise reduction and separation
processing is performed on the blurred areas of medical image images [12]. The processing conditions
are as follows.

s() “@

Where, H is the confusion area’s noise reduction threshold range, and & is the specific value. Based
on the noise reduction process, the edge contour features of the medical image are extracted as follows:

f(G,)=q, +a2x+a3y+a4z+zyiU(g;’pi)

i=0

g(G,)=b +bx+by+bz+> 0U(g.p,)

i=0
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Where, f(G,) and g(G,) represent the overall edge contour and internal contour of the medical

image, respectively. a and b represent different pixel noise reduction coefficients, respectively.

According to the above model construction, the 3D visual decomposition of medical images is
performed using the envelope contour detection method, and the 3D visual modeling of medical images
is performed to improve the 3D visual reconstruction and feature resolution capabilities of medical
images [13-14].

3.2 Construction of 3D Contour Visualization Model for Medical Imaging

Extract the edge contour features of medical images and construct the function of the edge contour
features of medical images. It is shown in formula (6).

Accuracy = =——— (6)

Where
n @)

Where, o () refers to the eigenvalue cardinality of medical images, k& is the characteristic
compensation coefficient. f, refers to the edge grey feature value of the medical image at r,, L(x, y, o)
refers to the smoothing operator for medical images, and G(x, y, o) is the contour fitting coefficients for
medical images, which is calculated as:

P

e 20 8)

G(x,y,0)=
(x,0) 276

Where, e is the contour value of medical image, o is the mapping value of 3D space feature.
Determine the edge detail information of the medical image, perform image reconstruction and

hierarchical decomposition according to the distribution distance F (d(x, y)) of the edge detail feature

points of the medical image.
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(a,b,) €)
Where, F, is the edge feature of 3D visualization F, and F, are the edge scale of the damaged
medical image at (x,y). The distribution feature quantity of the edge detail grid surface of medical

images is d (x, y). Suppose noise of hypothetical medical images N, and 7 are the three-dimensional
contour threshold value. The 3D contour line visualization distribution model of the medical image is:

1 1=0,L

N, = 10
! {27{><I;dxsin77/li I=1,..,L-1 (10)

Where, / is the sequence combination of contour points.

Based on the above analysis, a visual distribution model of the three-dimensional contour lines of
medical images is constructed, and the three-dimensional contours are visually reconstructed using
machine learning methods, and the three-dimensional visual imaging processing of medical image
images is performed [15]. According to the image reconstruction results, 3D visualization is performed to
construct a 3D visualization modeling analysis of medical images.

4 Three Dimensional Visualization Modeling of Medical Images

4.1 Three Dimensional Visualization Reconstruction of Medical Images

Based on the fuzzy filtering and noise reduction of the adaptive filtering detection method for the 3D
reconstructed image of medical images [14], the 3D visualization modeling of medical images is
proposed. This paper proposes a 3D visualization modeling method of medical images based on machine
learning and edge contour feature detection. The method based on machine learning is used to reconstruct
features of 3D reconstructed images of medical images from algorithms, models and evaluations.
Machine learning methods use feature selection and feature item weight calculation to extract the edge
contour features of medical images [16-17]. A three-dimensional contour line distribution model of a
medical image is constructed, and the edge information feature components of the medical image are:

Bx,y) =28 a1
V)

Where, M, is the fuzzy operator for 3D visualization reconstruction of medical images, and C; refers

to the featured component of the image edge information in C, .
The continuous reconstruction feature components at the (a,b,) point of the reconstructed medical
image surface are:

|M||M, A C|

L(a,b,)=log |M”C ‘
i~y

(12)
Assume that the 3D visual feature distribution pixel set of the medical image is / (x, y), in high-

resolution imaging areas, the edge contour feature distribution of medical image images satisfies the
Jacobian matrix J (x, y,a) . Perform continuous feature extraction on medical images, that is:

Lab)= 3 X MG,

viere oo M| e (13)

The three-dimensional visual feature reconstruction method is used to reconstruct the medical image,
and the fuzzy information enhancement method is used to perform feature enhancement processing on
the blurred point information of the medical image, thereby obtaining an approximate solution of the
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differential feature quantity of the medical image:
V¢ (14)

Where, x,, x,, X;,..., X, is the feature sub-sample of each sub-block, S is the time window function for
3D visualization reconstruction of medical images. The statistical shape model of the medical image is
established, and the adjacent pixel set of 3D visualization reconstruction of the medical image is obtained
as:

F=ﬁ(x,y)=p(x,y)(%) X3 (15)
Where
B y) =) (16)
V)

Where, v(x)zzyk(x, »), v(x) and L, (x, y,O') represent the adjacent number of 3D visualization
reconstruction of medical image at x and y respectively. p(x,y) is the statistical shape model.
M (x, v, 0') is the visual optimization model of statistical shape model. The neighborhood search

method is used to enhance the information of medical images, and the 3D visualization reconstruction of
medical images is obtained.

1 2 2
E(vi)ZEF(|d—|Vi—Vz—1|| +|Vi-1+2Vi+Vi+| ) amn

1 & ) .
Where, d=—Z|v,~—vH , vi refers to the feature number in the image, and v.-: refers to the
ni=o

neighborhood values of characteristic values in the image. According to the above processing, 3D
visualization detection and reconstruction of medical images are performed, and 3D visualization
modeling and analysis of medical images are performed according to feature detection and reconstruction
results.

4.2 Three Dimensional Visualization Model of Medical Image

Machine learning is used for 3D visual reconstruction and visualization modeling of medical images, and
area feature reconstruction methods are used for 3D visual feature decomposition of medical images. Set
the medical image vector quantization feature [18-19], and extract the gray pheromone of the medical

image, and the pre k dimensional feature module of the medical image is described as:

k()= I%k(|v¢|)2dx—E<w-) (18)

Where, V¢ is the local template matches for medical images. The sparse linear segmentation method is used to

enhance the details of the medical image. The reference template matching function of the medical image is:

P(x,y,d(x,y)) = k(¢) ‘u(x - d(x),y) —zl(x,y)‘2 (19)

Where, # is the module function of the medical image, and u refers to the image to be reconstructed.
d (x, y) is the contour feature components of medical imaging images.

Machine learning algorithms are used to perform 3D visualization modeling and adaptive optimization
of medical images. The 3D visual feature distribution model of medical images is:
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OP
a 1 0 Lx(x5y’0)

Jene)=| ‘Lo L (x00) h
dy

Multiple feature decomposition is performed on the medical image Lx(x, y,O') , and the three-dimensional

visual feature set of the output medical image is:

1+Li (x,y,c)') L (x,y,a)Ly (x,y,a)) 1)

H =
(x.5,0) J(x’y’a)[Lx(x,y,O')Ly(x,y,O') 1+ L (x,5,0)

Template matching for medical images with morphological segmentation [20]. In summary, the 3D
visualization modeling output of medical image M (x, v, 0') can be expressed as:

R S R
v o ay | | (00L(xy.0) N (0.0.Ly(x3.0))-N
= 0P > PP~ N (OOL (x K]) 0.0.L .»
N 25N 0.L,,(x,,0) ,0,L, (x,7,0))-N
ooy o ’ ( v ) (22)
= L"x(x’y’o-) ny(X,y,O')
ny(x,y,a) L},y(x’y,tf)

The edge contour information of the medical image is reset, and the contour features of the medical
image are extracted and reconstructed. The 3D visualization modeling expression of the medical image is:

. . k
> (Ml+‘]+(1—M)(¢)]
JjeN~(i) 2 2
. . k
LY [M”M(l—M)wj
A/'ENJ'(i) 2 2
The machine learning method is used for 3D visualization detection and reconstruction of medical

images, and the block feature matching method is used to realize 3D visualization reconstruction and
modeling of medical images.

23

s
~—
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4.3 Steps of 3D Visualization Modeling Algorithm

In summary, the specific steps of visual modeling are as follows:

(1) Perform reconstruction of 3D reconstructed images of medical images;

(2) Perform 3D visualization reconstruction of medical image features, extract edge contour feature
quantities of medical images, and output edge information feature components of medical images;

(3) Decompose the 3D visualization features of medical images, enhance the details of medical images,
and obtain the reference template matching function of medical images; input the corresponding
functions for 3D visualization modeling and adaptive optimization of medical images, and output 3D
visualization feature sets;

(4) Template matching for medical images combined with morphological segmentation methods;

(5) Extract and reconstruct the contour features of the medical image in the 3D visualization feature set,
and obtain the 3D visualization modeling expression of the medical image;

(6) Realize 3D visualization reconstruction and modeling of medical images.

Through the above process, three-dimensional visualization modeling of medical images is realized,
which provides effective image support for medical diagnosis.
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5 Experiment and Result Analysis

In order to verify whether the method can accurately judge the details of the picture, the application
performance in realizing the three-dimensional visual modeling of medical images is tested
experimentally.

5.1 Experimental Environment

The simulation tool for 3D visualization modeling of medical images in the experiment is Matlab
Simulink, and the graphics processing software for 3D visualization modeling is 3DStudio MAX. The
spatial distribution frequency of medical image visual information sampling is 24KHz, and the fusion
vector distribution set of spatial pixels is 300 * 300.

5.2 Experimental Indicators
5.2.1 Feature Resolution Accuracy

The visual distribution analysis of the edge contour features of medical images is a key part of 3D
visualization of medical images, and the extraction of edge contour features is the basis of visual analysis.
Among them, extracting detailed features requires testing the feature resolution accuracy, so the feature
resolution accuracy is set as one of the indicators, and the specific calculation formula is as follows:

E, .
Acc=3d><smg/l’><100% 24)
Where, ¢ is the overall edge of the feature and /' is detail feature resolution angle.

5.2.2 Feature Matching Accuracy

Feature matching is one of the basic principles of information retrieval. It compares and matches the
differences between the two parties and outputs completely or partially matching information. The
accuracy of feature matching reflects the degree of matching of medical images, so it is used as the
second evaluation indicator.

5.2.3 Three Dimensional Reconstruction Effect
The medical image feature recognition ability and detail processing effect are finally reflected in the
reconstruction of medical images. The specific formula is shown below.

(25)

Where, Rec is the overall effect of medical image reconstruction, Ext is the feature matching degree,
and mat is the reconstruction error. The error coefficient of the formed image is scaled according to
Wiener filtering, and whether the final effect is optimized by judging the value of the three-dimensional
matrix and the scale strength is verified.

5.3 Experiment Datasets
Select the type of page in FOVIA (http://fovia.com/) for 3D visualization of medical image data entry.

The cross-compilation method is used for medical image feature recognition and visual reconstruction to
obtain the original medical image sampling results. It is shown in Fig. 1.
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Fig. 1. CT image of original medical image
5.4 Results
5.4.1 Comparison of Feature Resolution Accuracy
The adaptive filtering detection method is used for medical image 3D reconstructed image to perform

fuzzy noise reduction and separation, to extract the edge contour features of medical image, to achieve
information enhancement, and obtain enhanced results. It is shown in Fig. 2.

Fig. 2. Enhancement of medical image

A three-dimensional contour line distribution model of medical images is constructed, and machine
learning methods are used to perform three-dimensional visual detection and reconstruction of medical
images. Combining the block feature matching method to realize 3D visualization reconstruction and
modeling of medical images, the methods in this paper and the methods in Literature [6], Literature [7]
and Literature [8] were used to obtain the final 3D visualization modeling output. It is shown in Fig. 3.

Fig. 3. 3D visual modeling output of medical image

Analysis of Fig. 3 and Fig. 4 shows that the method used in this paper for medical image 3D
visualization modeling has strong feature resolution ability and high reconstruction accuracy.

64



Journal of Computers Vol. 32 No. 3, 2021

Bl Theproposedalgorithm [ [jterature{6jalgorithm IIT Literature(7jaigorithm [ ILiterature{8jalgorithm

100

80

60

Feature resolution

40

20

v

0 4 8 12 16 20
Detail features

Fig. 4. Comparison results of visual resolution accuracy

5.4.2 Comparison of Feature Matching Accuracy

The method of this paper and the methods of Literature [6], Literature [7], and Literature [8] were used to
perform a comparative test on the feature matching capabilities of 3D visualization modeling of medical
images. It is shown in Tablel.

Table 1. Comparison of 3D visual modeling feature matching accuracy

Iteration number  improvement method literature [6] literature [7] literature [8]
100 0.945 0.424 0.418 0.415
200 0.967 0.516 0.453 0.603
300 0.987 0.632 0.542 0.665
400 0.998 0.684 0.597 0.745

According to the analysis of Table 1, compared with the visual modeling in Literature [6], Literature
[7], and Literature [8], the matching data of the feature matching ability of the improved method is much
higher than the other three sets of data. This shows that the details of the image are accurately judged,
and a better image effect can be presented. Therefore, the method used in this paper for 3D visualization
modeling of medical images has good feature matching performance, strong visual expression ability, 3D
visualization modeling with good overall performance and good quality.

5.4.3 Comparison of 3D Reconstruction Effects

To test the reconstruction effect of medical images, the methods in this paper and the methods in
Literature [6], Literature [7], and Literature [8] were used to compare the image reconstruction effects of
3D visualization modeling of medical images.

From Fig. 5, the method in this paper has the least number of errors in the feature matching process.
The comparison result of the 3D reconstruction effect is shown in Fig. 6.
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Fig. 5. Comparison of3D reconstruction error coefficients

(a) Literature [6] (b) Literature [7]

(c) Literature [8] (d) The proposed algorithm

Fig. 6. Comparison results of image reconstruction effects of 3D visual modeling

From Fig. 6, the image effect in Literature [6] has weak color contrast and low image quality; The
image effect of Literature [7] does not highlight the bright spots, which is not conducive to interpretation,
interpretation and recording; the image effect of the method of Literature [8] is fuzzy, and it is impossible
to select the area in accordance with the actual situation of patients. Compared with the above three
methods, the method in this paper has clear images with prominent highlights and good three-
dimensional effects, which can achieve higher quality effects of three-dimensional visualized medical
images.
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6 Conclusions

In order to improve the ability of medical image feature recognition and detail processing, a three-
dimensional visualization modeling algorithm for medical images based on machine learning is proposed.
The image processing technology is used to reconstruct the three-dimensional medical image, and the
three-dimensional feature recognition of medical images is performed to improve the recognition and
detection capabilities of medical images. The 3D reconstructed image of medical image is separated by
noise reduction, and the edge contour feature of medical image is extracted. Perform 3D visual feature
reconstruction and 3D visual imaging processing on medical images, perform 3D visual detection and
reconstruction of medical images, and realize 3D visual reconstruction and modeling of medical images.

The analysis shows that the method used in this paper for 3D visualization modeling of medical
images has better feature resolution ability, strong feature recognition ability, good detail processing
effect, and higher accuracy. The feature matching performance is good, and the quality of 3D
visualization modeling is high. However, the research of machine learning in this study is not deep and
specific enough. In the next step, we will analyze the image processing technology of different methods
in machine learning in detail, and further improve the application of machine learning in medical imaging,
so0 as to obtain more accurate reconstruction results, provide the basis for medical imaging research, and
promote the progress of medical technology.

Acknowledgments

This work is supported by Heilongjiang Provincial Department of Education Natural Science Research
Project (NO. 2016-KYYWF-0560) and the surface scientific and research projects of jiamusi university
(NO. L2012-075).

References

[1] RJ. Cai, D.P. Li, F.Y. Qin, J.J. Huang, X.Y. Yang, L.P. Ma, Auto recognizing critical values from medical image
examination reports by using regular expressions, Journal of Practical Radiology (3)(2018) 444-446.

[2] X. Lu, S.B. Zheng, H.Y. Peng, Hemorrhage detection in fundus images based on convolutional neural networks, Video
Engineering 43(1)(2019) 89-94.

[3] Y.M Li, H. Zhang, HDR imaging based on low rank matrix filling and total variation constraints, Computer Engineering
45(4)(2019) 262-266.

[4] Y. Chen, M.H. Zhang, Y. Shen, Comparative study on the performance of machine learning algorithms in neuromuscular
disease image recognition, Computer and digital engineering 47(7)(2019) 1776-1782.

[5] Y. Liu, R. Dong, B. Li, Research on image segmentation algorithm based on machine learning, TV technology (11)(2017)
32-39.

[6] J.Q. Deng, H.L. Huang, 3D visualization modeling and significance of renal vessels in small pigs, Chinese Journal of
comparative medicine 28(12)(2018) 30-34.

[71 W.Cai, Y. Fan, H. Hu, N. Xiang, C. Fang, F. Jia, Postoperative liver volume was accurately predicted by a medical image
three dimensional visualization system in hepatectomy for liver cancer, Surgical Oncology-oxford 26(2)(2017) 188-194.

[8] P.Ge,B. Yang, Q. Han, P. Liu, S. Chen, H.U. Douming, Q. Zhang, An infrared image detail enhancement algorithm based
on guided filtering image layering, Infrared technology (12)(2018) 1161-1169.

[9] J.X. Liu, Y. Wei, Sparse recognition method of scene dictionary based on visible near infrared HSV image fusion.

Computer application 38(12)(2018) 3355-3359.

67



Three Dimensional Visualization Modeling Algorithm for Medical Images Based on Machine Learning

[10] J. Liu, M. Gong, J. Zhao, H. Li, L. Jiao, Difference representation learning using stacked restricted Boltzmann machines for
change detection in SAR image, Soft Computing 20(12)(2016) 4645-4657.

[11] D. Liu, D.M. Zhou, R.C. Nie, R.C. Hou, Multi-focus image fusion based on phase congruency motivate pulse coupled
neural network-based in NSCT domain, Journal of Computer Applications 38(10)(2018) 3006-3012.

[12] C.H. Fang, Expert consensus of precise diagnosis and treatment for pancreatic head cancer using three-dimensional
visualization technology, Chinese Journal of Surgery 55(12)(2017) 107-111.

[13] Q.L. Zhang, D.C. Zhao, X. Bin, Review for Deep Learning Based on Medical Imaging Diagnosis, Computer Science
(S2)(2017) 11-17.

[14] G.Y. Zheng, X.B. Liu, G.H. Han, Survey on Medical Image Computer Aided Detection and Diagnosis Systems, Journal of
Software 29(5)(2018) 299-342.

[15] D. Lv, Z. Jia, J. Yang, N. Kasabov, Remote sensing image enhancement based on the combination of nonsubsampled
shearlet transform and guided filtering, Optical Engineering 55(10)(2016) 103-104.

[16] F. Zhou, Z.H. Jia, J. Yang, N. Kasabov, Medical image enhancement algorithm based on improved gamma correction in
shear wave domain, Photoelectron laser 28(5)(2017) 566-572.

[17] K.S. Xing, Y. Z. Ling, M.Y. Chen, Mismatching point elimination algorithm for ORB feature matching, Journal of
Electronic Measurement and Instrumentation 30(8)(2016) 1255-1262.

[18] Y. Gu, Y. Zhou, G. Ren, Q. Feng, G. Lu, Image stitching by combining optimal seam and multi-resolution fusion, Journal
of Image and Graphics 22(6)(2017) 842-851.

[19] K H. Strobl, E. Mair, T. Bodenmiiller, S. Kielhfer, T. Wiisthoff, M. Suppa, Portable 3-D modeling using visual pose
tracking, Computers in Industry 99(2018) 53-68.

[20] D. Gola, B. Singh, P. K. Tiwari, Subthreshold Modeling of Tri-Gate Junctionless Transistors With Variable Channel Edges

and Substrate Bias Effects, IEEE Transactions on Electron Devices 99(2018) 1-9.

68




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF005b683964da300c9ad86a94002851fa8840002b89d27dda0029300d005d0020005b683964da300c8f3851fa0033003000300064002851fa88400029300d005d00204f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9.354330
      /MarksWeight 0.141730
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


