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Lie Group Fuzzy C-means Clustering Algorithm for Image Segmentation

SUN Hao-Cheng, LIU Li, LI Fan-Zhang
(School of Computer Science and Technology, Soochow University, Suzhou 215006, China)

Abstract: Fuzzy C-means (FCM) clustering algorithm has become one of the commonly used image segmentation techniques with its low
learning cost and algorithm overhead. However, the conventional FCM clustering algorithm is sensitive to noise in images. Recently, many
of improved FCM algorithms have been proposed to improve the noise robustness of the conventional FCM clustering algorithm, but often
at a cost of detail loss on the image. This study presents an improved FCM clustering algorithm based on Lie group theory and applies it
to image segmentation. The proposed algorithm constructs matrix Lie group features for the pixels of an image, which summarizes the low-
level image features of each pixel and its relationship with other pixels in the neighborhood window. By doing this, the proposed method
transforms the clustering problem of measuring the Euclidean distances between pixels into calculating the geodesic distances between Lie
group features of pixels on the Lie group manifold. Aiming at the problem of updating the clustering center and fuzzy membership matrix
on the Lie group manifold, the proposed method uses an adaptive fuzzy weighted objective function, which improves the generalization
and stability of the algorithm. The effectiveness of the proposed method is verified by comparing with conventional FCM and several
classic improved algorithms on the experiments of three types of medical images.

Key words: image segmentation; fuzzy clustering; Lie group
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A FCM FLUEMUIE NG 3 A7 TR, A SO T BB HUR S oy b ¢ (NSRS (EBUEG b, ASCREE L Sk
C PEREANI, 200 G0 535, AR 0 5 KB % A AR L LI P S 7 50 475
I B DA A 2 S A2 R S R R R 4 b, A SS9 B RSO T 505 d, 3
A T8 SR 10 o AR (P AP ST, JE KA, S0 d (0D BURE RE BE AR T 500 b 55
5 o A F TR B U T S A B, FE R MEATAL S HOB L T 2

K6 HHEBX MR BB BI45 R S4 REL

= R7R EFHERAL AEMEEGER  MHAER IR REEAR  HEIR Tnngg 4%
FCM x x x 0.944 0.825
Hika d x x 0.951 0.875
Hikb N N x 0.955 0.896
Hike \/ x N 0.961 0.907
Hikd x N \/ 0.954 0.891
KL v v v 0.961 0.931

5 RESRE
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TN 44 (CT) B IRIREE, IR G FIS R 5 48 FCM HEE LUK LR WL FCM Sudk 5kl AT
TRPEG. SO IS ZR B A5 SO AN IR 73 FUREIE, SA AR B 22 AN IR A A0 TN L. SR 45
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[ 8 23 R~ TR AR B e Al i — ANV Ry [ RIS, AT DU o — S AR ), A SRR Y R T VA T R e A R
Tt Bt SRR R IE S SRR O 2 IR B S, FURT T 2R BRI S22k, A7 B 13w BB h AN TR SRR 1K T
PE; dweJi, AR SO R ARG DA T MBS Ak mh A DB (L DR A5 B A bR 50 (1 1 38 1 AR S
JE LA, DAt T A a5 B AR, A5 3 ve SA O 58 0 1) ) I S 0 M PR B UG A0 5, Pt T SR el
JEABAT—3RI, 3D A SR i 4 75 i S DR 23 A AT AR B, x4 B 1432 ] 58 42T DUHE) - 22 LA
T R T 2 B AR O3 B S, S n iR A 2 8] PRI R NI TR A B ] PR B A DG SR I R g, IX
WA R AKIATIITU Iy 72—

JUEAEARTCIN 3 AN P HRBL I AL T H A A PE BE, 20 FCM SA AR ] 21 B4 70 517 T SR 4746 A
N 3 TR SR R 1 S SR BT 78 23 R B AT S RA AR A B S PR B R R 2R L. UASCER 3.3 BT
IR, SRS ASOR S L KA T BB LB AR, AR5 25 T IR SR 2 . 5 R 2 HAR L ML 4, 226
S5 R G 2 BIYIARAE IR SE A, AN A3 )36 SRS vl g BURSR G R L sl RIS R SRS . R R IRAT%
JERI TR B e vk B B R, 2535 e P K — 2807 ik, SO IE FOM SRERIAIAGRAL 7. T3 50, A SCRARAR
TIAS ] R 2 AT B AR A4 3 5 2t OR (1R 5 Wi, 3K T REXS BE— DR TH AR 2 1] _EREASIK m] 2347 B ). AWK
5 3 AR B BEA BRI [ 1R B B S A PR 2 B G R, H TSR S BRI — A =
BrBRZ. LBP Al Gabor 51 JFANRELRAEXS HTAT BIE IK) 23 FIAE 55 #8038 F B Sme L. B0 AN [ (0 BB 2 s AN )
PG 2 TS5, ] 3 O 5 1) B GR JZ R AR A FRAT TR RN 55— ARy 1. R ez ob, FATIAE SE 56 & 8L, A
PRI TR B R O 2 R T L 1R S5t WS 1 MR R b, AR D0 T mT USSR 20 B K 2



18

R, AR A FATAKI—AWFFTT 1)

References:

(1]

(2]

[3]

[4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Bezdek JC, Ehrlich R, Full W. FCM: The fuzzy C-means clustering algorithm. Computers & Geosciences, 1984, 10(2-3): 191-203. [doi:
10.1016/0098-3004(84)90020-7]

Lan BS, Han HW. The algorithm of the segmentation of MRI image based on dictionary noise reduction to improve fuzzy clustering.
China Digital Medicine, 2018, 13(10): 49-51 (in Chinese with English abstract). [doi: 10.3969/j.issn.1673-7571.2018.10.017]

Xiao J, Tong YF. Research of brain MRI image segmentation algorithm based on FCM and SVM. In: Proc. of the 26th Chinese Control
and Decision Conf. Changsha: IEEE, 2014. 1712—1716. [doi: 10.1109/ccdc.2014.6852445]

Chuang KS, Tzeng HL, Chen S, Wu J, Chen TJ. Fuzzy C-means clustering with spatial information for image segmentation.
Computerized Medical Imaging and Graphics, 2006, 30(1): 9-15. [doi: 10.1016/j.compmedimag.2005.10.001]

Ahmed MN, Yamany SM, Mohamed N, Farag AA, Moriarty T. A modified fuzzy C-means algorithm for bias field estimation and
segmentation of MRI data. IEEE Trans. on Medical Imaging, 2002, 21(3): 193-199. [doi: 10.1109/42.996338]

Chen S, Zhang D. Robust image segmentation using FCM with spatial constraints based on new kernel-induced distance measure. IEEE
Trans. on Systems, Man, and Cybernetics, Part B (Cybernetics), 2004, 34(4): 1907-1916. [doi: 10.1109/tsmcb.2004.831165]

Zhang DQ, Chen SC. Fuzzy clustering using kernel method. In: Proc. of the 2002 Int’l Conf. on Control and Automation. Xiamen: IEEE,
2002. 162-163. [doi: 10.1109/icca.2002.1229535]

Yan C, Li FZ, Zou P. Multiply connected Lie group covering learning algorithm for image classification. Journal of Frontiers of
Computer Science and Technology, 2014, 8(9): 1101-1112 (in Chinese with English abstract). [doi: 10.3778/j.issn.1673-9418.1403
055]

Li YY, Lu RQ. Locality preserving projection on SPD matrix Lie group: Algorithm and analysis. Science China Information Sciences,
2018, 61(9): 092104. [doi: 10.1007/s11432-017-9233-4]

Dubbelman G, Browning B. COP-SLAM: Closed-form online pose-chain optimization for visual SLAM. IEEE Trans. on Robotics, 2015,
31(5): 1194-1213. [doi: 10.1109/tr0.2015.2473455]

Wang HW, Liang YY, Wang ZH. Otsu image threshold segmentation method based on new genetic algorithm. Laser Technology, 2014,
38(3): 364-367 (in Chinese with English abstract). [doi: 10.7510/jgjs.issn.1001-3806.2014.03.017]

Sa J, Sun XS, Zhang TT, Li H, Zeng HL. Improved Otsu segmentation based on Sobel operator. In: Proc. of the 3rd Int’l Conf. on
Systems and Informatics (ICSAI). Shanghai: IEEE, 2016. 886—890. [doi: 10.1109/icsai.2016.7811076]

Zhang Y, Han XY, Zhang H, Zhao LM. Edge detection algorithm of image fusion based on improved Sobel operator. In: Proc. of the 3rd
IEEE Information Technology and Mechatronics Engineering Conf. (ITOEC). Chonggqing: IEEE, 2017. 457-461. [doi: 10.1109/ITOEC.
2017.8122336]

Shi W, Zhang SQ. Application of edge-based image segmentation in cow body measurement. Digital Technology and Application, 2020,
38(2): 48-51 (in Chinese with English abstract). [doi: 10.19695/j.cnki.cn12-1369.2020.02.28]

Zhang XD, Jia FC, Luo SH, Liu GY, Hu QM. A marker-based watershed method for X-ray image segmentation. Computer Methods and
Programs in Biomedicine, 2014, 113(3): 894-903. [doi: 10.1016/j.cmpb.2013.12.025]

Cong L, Ding SF, Wang LJ, Zhang AJ, Jia WK. Image segmentation algorithm based on superpixel clustering. IET Image Processing,
2018, 12(11): 2030-2035. [doi: 10.1049/iet-ipr.2018.5439]

Ma GR, Ma YL, Jiang MZ. Combinational color histogram and LBP textural features for remote sensing image segmentation. Remote
Sensing for Natural Resources, 2017, 29(3): 32-40 (in Chinese with English abstract). [doi: 10.6046/gtzyyg.2017.03.05]

Dhanachandra N, Manglem K, Chanu YJ. Image segmentation using K-means clustering algorithm and subtractive clustering algorithm.
Procedia Computer Science, 2015, 54: 764—771. [doi: 10.1016/j.procs.2015.06.090]

Zhang X, Xu HM, Mo H, Tan JC, Yang C, Wang L, Ren WQ. DCNAS: Densely connected neural architecture search for semantic image
segmentation. In: Proc. of the 2021 IEEE/CVF Conf. on Computer Vision and Pattern Recognition. Nashville: IEEE, 2021. 13951-13962.
[doi: 10.1109/CVPR46437.2021.01374]

Huang ZL, Wang XG, Huang LC, Huang C, Wei YC, Liu WY. CCNet: Criss-cross attention for semantic segmentation. In: Proc. of the
2019 IEEE/CVF Int’l Conf. on Computer Vision. Seoul: IEEE, 2019. 603—612. [doi: 10.1109/iccv.2019.00069]

Xie EZ, Sun PZ, Song XG, Wang WH, Liu XB, Liang D, Shen CH, Luo P. PolarMask: Single shot instance segmentation with polar
representation. In: Proc. of the 2020 IEEE/CVF Conf. on Computer Vision and Pattern Recognition. Seattle: IEEE, 2020. 12190-12199.
[doi: 10.1109/cvprd2600.2020.01221]

Lee Y, Park J. CenterMask: Real-time anchor-free instance segmentation. In: Proc. of the 2020 IEEE/CVF Conf. on Computer Vision and


https://doi.org/10.1016/0098-3004(84)90020-7
https://doi.org/10.3969/j.issn.1673-7571.2018.10.017
https://doi.org/10.1109/ccdc.2014.6852445
https://doi.org/10.1016/j.compmedimag.2005.10.001
https://doi.org/10.1109/42.996338
https://doi.org/10.1109/tsmcb.2004.831165
https://doi.org/10.1109/icca.2002.1229535
https://doi.org/10.3778/j.issn.1673-9418.1403055
https://doi.org/10.3778/j.issn.1673-9418.1403055
https://doi.org/10.1007/s11432-017-9233-4
https://doi.org/10.1109/tro.2015.2473455
https://doi.org/10.7510/jgjs.issn.1001-3806.2014.03.017
https://doi.org/10.1109/icsai.2016.7811076
https://doi.org/10.1109/ITOEC.2017.8122336
https://doi.org/10.1109/ITOEC.2017.8122336
https://doi.org/10.19695/j.cnki.cn12-1369.2020.02.28
https://doi.org/10.1016/j.cmpb.2013.12.025
https://doi.org/10.1049/iet-ipr.2018.5439
https://doi.org/10.6046/gtzyyg.2017.03.05
https://doi.org/10.1016/j.procs.2015.06.090
https://doi.org/10.1109/CVPR46437.2021.01374
https://doi.org/10.1109/iccv.2019.00069
https://doi.org/10.1109/cvpr42600.2020.01221

FNARAR S AR C MR E B S k 19

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Pattern Recognition. Seattle: IEEE, 2020. 13903-13912. [doi: 10.1109/cvpr42600.2020.01392]

Cheng BW, Collins MD, Zhu YK, Liu T, Huang TS, Adam H, Chen LC. Panoptic-DeepLab: A simple, strong, and fast baseline for
bottom-up panoptic segmentation. In: Proc. of the 2020 IEEE/CVF Conf. on Computer Vision and Pattern Recognition. Seattle: IEEE,
2020. 12472-12482. [doi: 10.1109/cvpr42600.2020.01249]

Xiong YW, Liao RJ, Zhao HS, Hu R, Bai M, Yumer E, Urtasun R. UPSNet: A unified panoptic segmentation network. In: Proc. of the
2019 IEEE/CVF Conf. on Computer Vision and Pattern Recognition. Long Beach: IEEE, 2019. 8810—8818. [doi: 10.1109/cvpr.2019.
00902]

Khan AR, Khan S, Harouni M, Abbasi R, Igbal S, Mehmood Z. Brain tumor segmentation using K-means clustering and deep learning
with synthetic data augmentation for classification. Microscopy Research and Technique, 2021, 84(7): 1389-1399. [doi: 10.1002/jemt.
23694]

Gong RK, Liu J. Maize leaf disease image segmentation based on improved K-means algorithm. Modern Electronics Technique, 2021,
44(22): 131-134 (in Chinese with English abstract). [doi: 10.16652/].issn.1004-373x.2021.22.027]

Zhao QY, Pang B, Xu X, Wei B. SAR image segmentation method combining non-local information and fuzzy clustering. Software
Guide, 2022, 21(3): 181-187 (in Chinese with English abstract). [doi: 10.11907/rjdk.211486]

Heil J, Héring V, Marschner B, Stumpe B. Advantages of fuzzy K-means over K-means clustering in the classification of diffuse
reflectance soil spectra: A case study with West African soils. Geoderma, 2019, 337: 11-21. [doi: 10.1016/j.geoderma.2018.09.004]
Szilagyi L, Benyo Z, Szilagyi SM, Adam HS. MR brain image segmentation using an enhanced fuzzy C-means algorithm. In: Proc. of the
25th Annual Int’l Conf. of the IEEE Engineering in Medicine and Biology Society. Cancun: IEEE, 2003. 724-726. [doi: 10.1109/iembs.
2003.1279866]

Abu A, Diamant R. Enhanced fuzzy-based local information algorithm for sonar image segmentation. IEEE Trans. on Image Processing,
2020, 29: 445-460. [doi: 10.1109/tip.2019.2930148]

Kishorjit SN, Johny SN, Kanan KW. Image classification using SLIC superpixel and FAAGKFCM image segmentation. IET Image
Processing, 2020, 14(3): 487—494. [doi: 10.1049/iet-ipr.2019.0255]

Zhang DQ, Chen SC. A novel kernelized fuzzy C-means algorithm with application in medical image segmentation. Artificial Intelligence
in Medicine, 2004, 32(1): 37-50. [doi: 10.1016/j.artmed.2004.01.012]

Yang MS, Tsai HS. A Gaussian kernel-based fuzzy C-means algorithm with a spatial bias correction. Pattern Recognition Letters, 2008,
29(12): 1713-1725. [doi: 10.1016/j.patrec.2008.04.016]

Gong MG, Liang Y, Shi J, Ma WP, Ma JJ. Fuzzy C-means clustering with local information and kernel metric for image segmentation.
IEEE Trans. on Image Processing, 2013, 22(2): 573-584. [doi: 10.1109/tip.2012.2219547]

Elazab A, Wang CM, Jia FC, Wu JH, Li GL, Hu QM. Segmentation of brain tissues from magnetic resonance images using adaptively
regularized kernel-based fuzzy C-means clustering. Computational and Mathematical Methods in Medicine, 2015: 485495. [doi: 10.1155/
2015/485495]

Song JH, Zhang Z. A modified robust FCM model with spatial constraints for brain MR image segmentation. Information, 2019, 10(2):
74. [doi: 10.3390/info10020074]

Tuzel O, Porikli F, Meer P. Region covariance: A fast descriptor for detection and classification. In: Proc. of the 9th European Conf. on
Computer Vision. Graz: Springer, 2006. 589—-600. [doi: 10.1007/11744047 45]

Chen YM, Lin P, He Y, Xu ZH. Classification of broadleaf weed images using Gabor wavelets and Lie group structure of region
covariance on Riemannian manifolds. Biosystems Engineering, 2011, 109(3): 220-227. [doi: 10.1016/j.biosystemseng.2011.04.003]

Xu CY, Lu CY, Gao JB, Wang TJ, Yan SC. Facial analysis with a Lie group kernel. IEEE Trans. on Circuits & Systems for Video
Technology, 2015, 25(7): 1140-1150. [doi: 10.1109/tcsvt.2014.2365655]

Xu CY, Lu CY, Gao JB, Zheng W, Wang TJ, Yan SC. Discriminative analysis for symmetric positive definite matrices on Lie groups.
IEEE Trans. on Circuits & Systems for Video Technology, 2015, 25(10): 1576-1585. [doi: 10.1109/tcsvt.2015.2392472]

Xu CJ, Zhu GB. Semi-supervised learning algorithm based on linear Lie group for imbalanced multi-class classification. Neural
Processing Letters, 2020, 52(1): 869-889. [doi: 10.1007/s11063-020-10287-8]

Cai LQ, Liu CP, Yuan RD, Ding HE. Human action recognition using Lie group features and convolutional neural networks. Nonlinear
Dynamics, 2020, 99(4): 3253-3263. [doi: 10.1007/s11071-020-05468-y]

Yue HW, Wang HT, Chen HZ, Cai K, Jin YY. Automatic detection of feather defects using Lie group and fuzzy Fisher criterion for
shuttlecock production. Mechanical Systems and Signal Processing, 2020, 141: 106690. [doi: 10.1016/j.ymssp.2020.106690]

Xu CJ, Zhu GB, Shu JQ. A lightweight and robust Lie group-convolutional neural networks joint representation for remote sensing scene
classification. IEEE Trans. on Geoscience and Remote Sensing, 2022, 60: 5501415. [doi: 10.1109/tgrs.2020.3048024]


https://doi.org/10.1109/cvpr42600.2020.01392
https://doi.org/10.1109/cvpr42600.2020.01249
https://doi.org/10.1109/cvpr.2019.00902
https://doi.org/10.1109/cvpr.2019.00902
https://doi.org/10.1002/jemt.23694
https://doi.org/10.1002/jemt.23694
https://doi.org/10.16652/j.issn.1004-373x.2021.22.027
https://doi.org/10.11907/rjdk.211486
https://doi.org/10.1016/j.geoderma.2018.09.004
https://doi.org/10.1109/iembs.2003.1279866
https://doi.org/10.1109/iembs.2003.1279866
https://doi.org/10.1109/tip.2019.2930148
https://doi.org/10.1049/iet-ipr.2019.0255
https://doi.org/10.1016/j.artmed.2004.01.012
https://doi.org/10.1016/j.patrec.2008.04.016
https://doi.org/10.1109/tip.2012.2219547
https://doi.org/10.1155/2015/485495
https://doi.org/10.1155/2015/485495
https://doi.org/10.3390/info10020074
https://doi.org/10.1007/11744047_45
https://doi.org/10.1016/j.biosystemseng.2011.04.003
https://doi.org/10.1109/tcsvt.2014.2365655
https://doi.org/10.1109/tcsvt.2015.2392472
https://doi.org/10.1007/s11063-020-10287-8
https://doi.org/10.1007/s11071-020-05468-y
https://doi.org/10.1016/j.ymssp.2020.106690
https://doi.org/10.1109/tgrs.2020.3048024

20 IRAP AR FHrr IR e K

[45] Cheng G, Yang CY, Yao XW, Guo L, Han JW. When deep learning meets metric learning: Remote sensing image scene classification via
learning discriminative CNNs. IEEE Trans. on Geoscience and Remote Sensing, 2018, 56(5): 2811-2821. [doi: 10.1109/tgrs.2017.278
3902]

[46] Yang NS, Tang H, Sun HQ, Yang X. DropBand: A simple and effective method for promoting the scene classification accuracy of
convolutional neural networks for VHR remote sensing imagery. IEEE Geoscience and Remote Sensing Letters, 2018, 15(2): 257-261.
[doi: 10.1109/1grs.2017.2785261]

[47] Niwattanakul S, Singthongchai J, Naenudorn E, Wanapu S. Using of Jaccard coefficient for keywords similarity. In: Proc. of the 2013 Int’1
Multiconference of Engineers and Computer Scientists. Hong Kong: IMECS, 2013. 380-384.

[48] Liu XL, Deng ZD, Yang YH. Recent progress in semantic image segmentation. Artificial Intelligence Review, 2019, 52(2): 1089-1106.
[doi: 10.1007/s10462-018-9641-3]

[49] Aubert-Broche B, Evans AC, Collins L. A new improved version of the realistic digital brain phantom. NeuroImage, 2006, 32(1):
138-145. [doi: 10.1016/j.neuroimage.2006.03.052]

[S0] Rim B, Lee S, Lee A, Gil HW, Hong M. Semantic cardiac segmentation in chest CT images using K-means clustering and the
mathematical morphology method. Sensors, 2021, 21(8): 2675. [doi: 10.3390/s21082675]

[51] Niemeijer M, Staal J, van Ginneken B, Loog M, Abramoff MD. Comparative study of retinal vessel segmentation methods on a new
publicly available database. In: Proc. of the 2004 Medical Imaging Conf. on Image Processing. San Diego: SPIE, 2004. 648-656. [doi: 10.
1117/12.535349]

[52] Mehidi I, Belkhiat DEC, Jabri D. Comparative analysis of improved FCM algorithms for the segmentation of retinal blood vessels. Soft
Computing, 2023, 27(4): 2109-2123. [doi: 10.1007/s00500-022-07531-9]

Mt e 3255 SR -

[2] ATAHY, BRLUAR. JET 5 SRR g E ORI SR BEMRIE G 4 I 50IE. o 7 BE 2%, 2018, 13(10): 49-51. [doi: 10.3969/j.issn.1673-7571.
2018.10.017]

[8] ™R, ZEFLK, RIS, 2 H M AT o 2 ) VAR R 0 2K BN A TR SRR, 2014, 8(9): 1101-1112. [doi: 10.3778/j.issn.
1673-9418.1403055]

[11] B REE, FER HTPEE 50 Osu G BE 2 %1757 2. WotER, 2014, 38(3): 364-367. [doi: 10.7510/jgjs.issn.1001-
3806.2014.03.017]

[14] i, sk, T3 Sr ity FRUG 43 H1E A8 ¢ RO st g B . B0 BER 5 M HT, 2020, 38(2): 48-51. [doi: 10.19695/j.cnki.cn12-1369.
2020.02.28]

[17] THEEE, S, ILHEE. 455 3 BJ7 EIFILBPEUH 3B iR E 15 0 1. [ L BEURREIRK, 2017, 29(3): 32-40. [doi: 10.6046/gtzyyg.2017.
03.05]

[26] 2=, XA, Bk K-means ST 1) T K 955 3 G 43 IR 50, BUARHL FHOR, 2021, 44(22): 131-134. [doi: 10.16652/j.issn.1004-
373x.2021.22.027]

[27] 4B, e, Ak, T 45 SRR B S B R 28 W SAR MG 4 0 7 v #1511, 2022, 21(3): 181-187. [doi: 10.11907/rjdk.

211486]

FNERSH(1999—), T, WL, CCF 24 iy, F 3 ZERAK1964—), T, tl -+, {1+ FIF, CCF &
WFSTATR A 2= BED LS 27 2, BORML A2 > - o sx By, F I N RN LA >, B
! IBHE, ZhABRIN LA .

XF(1986—), B, L, CCF k4 b, L8
SUATUR A AR DL 27 2, BRORAAIL 3 25% ) FEs vl
AL


https://doi.org/10.1109/tgrs.2017.2783902
https://doi.org/10.1109/tgrs.2017.2783902
https://doi.org/10.1109/lgrs.2017.2785261
https://doi.org/10.1007/s10462-018-9641-3
https://doi.org/10.1016/j.neuroimage.2006.03.052
https://doi.org/10.3390/s21082675
https://doi.org/10.1117/12.535349
https://doi.org/10.1117/12.535349
https://doi.org/10.1007/s00500-022-07531-9
https://doi.org/10.3969/j.issn.1673-7571.2018.10.017
https://doi.org/10.3969/j.issn.1673-7571.2018.10.017
https://doi.org/10.3778/j.issn.1673-9418.1403055
https://doi.org/10.3778/j.issn.1673-9418.1403055
https://doi.org/10.7510/jgjs.issn.1001-3806.2014.03.017
https://doi.org/10.7510/jgjs.issn.1001-3806.2014.03.017
https://doi.org/10.19695/j.cnki.cn12-1369.2020.02.28
https://doi.org/10.19695/j.cnki.cn12-1369.2020.02.28
https://doi.org/10.6046/gtzyyg.2017.03.05
https://doi.org/10.6046/gtzyyg.2017.03.05
https://doi.org/10.16652/j.issn.1004-373x.2021.22.027
https://doi.org/10.16652/j.issn.1004-373x.2021.22.027
https://doi.org/10.11907/rjdk.211486
https://doi.org/10.11907/rjdk.211486

	1 相关工作
	1.1 图像分割算法
	1.2 FCM聚类分析及其改进算法
	1.3 李群理论在机器学习及图像工程上的应用

	2 方法基础
	2.1 FCM聚类分析
	2.2 李群理论基础

	3 本文算法
	3.1 提取图像底层特征
	3.2 构建图像的矩阵李群特征
	3.3 初始化模糊隶属度矩阵与聚类中心
	3.4 在李群流形上计算特征到聚类中心的距离
	3.5 更新聚类中心与模糊隶属度矩阵
	3.6 终止迭代与分割图像

	4 实验与分析
	4.1 实验设置
	4.2 实验数据
	4.3 实验结果
	4.3.1 实验1: 脑部MR图像灰质、白质和脑脊液分割
	4.3.2 实验2: 胸部CT图像3类组织分割
	4.3.3 实验3: 眼底图像血管结构分割

	4.4 算法稳定性分析
	4.5 算法运行速度分析
	4.6 算法有效性分析

	5 总结与展望
	参考文献

