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Abstract. An automatic multilevel thresholding algorithm called histogram-based valley estimation method 
(HVEM) based on a field programmable gate array (FPGA) is presented for segmenting an image into multi-
ple homogeneous regions. The major contributions and benefits of this paper are as follows: (1) the proposed 
method is computationally efficient because it eliminates the expensive computations due to repeated arith-
metic operations such as multiplications and divisions in Otsu’s method, making it much easier to implement 
on an FPGA device; (2) the method is capable of automatically determining the number of clusters by esti-
mating possible valleys in the histogram of real world images; and (3) the accuracy of the method is compa-
rable to that of Otsu’s method in threshold determination, which is achieved by evaluating the mean structur-
al similarity (MSSIM) and uniformity. The synthesis results of the FPGA chip system indicate that the opera-
tion speed can reach up to 191.0 MHz, which is equivalent to the processing rate of 969 frame/s for gray lev-
el images of size 256  256. The performance meets the requirements for a real-time image processing sys-
tem.. 

Keywords: Otsu’s method, multilevel thresholding, image segmentation, filed programmable gate array 
(FPGA) 

Acknowledgement 

This work is partially supported by National Science Council under Grant NSC 100-2221-E-212-020, Taiwan, 
R.O.C. 

References 

[1] S. Arseneau, J.R. Cooperstock, “Real-time Image Segmentation for Action Recognition,” in Proceedings of IEEE 

Pacific Rim Conference on Communications, Computers and Signal Processing, pp. 86-89, 1999. 

[2] A.T. Abak, U. Baris, B. Sankur, “The Performance Evaluation of Thresholding Algorithms for Optical Character 

Recognition,” in Proceedings of IEEE Conference on Document Analysis and Recognition, pp.697-700, 1997. 

[3] H.F. Ng, “Automatic Thresholding for Defect Detection,” Pattern Recognition Letters, Vol. 27, pp.1644-1649, 2006. 

[4] C. Su, A. Amer, “A Real-time Adaptive Thresholding for Video Change Detection,” in Proceedings of IEEE Confer-

ence on Image Processing, pp. 157-160, 2006. 

[5] S.Y. Chien, Y.W. Huang, B.Y. Hsieh, S.Y. Ma, L.G. Chen, “Fast Video Segmentation Algorithm with Shadow Can-

cellation, Global Motion Compensation, and Adaptive Threshold Techniques,” IEEE Transactions on Multimedia, 

Vol. 6, pp. 732-748, 2004. 



Journal of Computers   Vol.23, No.3, October 2012 
 

2 

[6] M.S. Atkins, B.T. Mackiewich, “Fully Automatic Segmentation of the Brain in MRI,” IEEE Transactions on Medical 

Imaging, Vol. 17, pp. 98-107, 1998. 

[7] N. Otsu, “A Threshold Selection Method from Gray-level Histograms,” IEEE Transactions on Systems, Man, and 

Cybernetics, Vol. 9, pp. 62-66, 1979. 

[8] D.Y. Huang, C.H. Wang, “Optimal Multi-level Thresholding Using a Two-stage Otsu Optimization Approach,” Pat-

tern Recognition Letters, Vol. 30, pp. 275-284, 2009. 

[9] L. Dong, G. Yu, P. Ogunbona, W. Li, “An Efficient Iterative Algorithm for Image Thresholding,” Pattern Recognition 

Letters, Vol. 29, pp. 1311-1316, 2008. 

[10] P.S. Liao, T.S. Chen, P.C. Chung, “A fast algorithm for multi-level thresholding,” Journal of Information Science and 

Engineering, Vol. 17, pp. 713-727, 2001. 

[11] M. Sezgin, B. Sankur, “Survey over Image Thresholding Techniques and Quantitative Performance Evaluation,” 

Journal of Electronic Imaging, Vol. 13, pp. 146-165, 2004. 

[12] H. Tian, S.K. Lam, T. Srikanthan, “Implementing Otsu’s Thresholding Process Approximation Unit Using Area-time 

Efficient Logarithmic,” in Proceedings of IEEE Symposium on Circuits and Systems, pp. IV-21-24, 2003. 

[13] J. Wang, C. Yang, M. Zhu, C. Wang, “Implementation of Otsu’s Thresholding Process Based on FPGA,” in Proceed-

ings of IEEE Conference on Industrial Electronics and Applications, pp. 479-483, 2009. 

[14] Z. Wang, A.C. Bovik, H.R. Sheikh, E.P. Simoncelli, “Image Quality Assessment: From Error Visibility to Structural 

SImilarity,” IEEE Transactions on Image Processing, Vol. 13, pp. 600-612, 2004. 

[15] K. Hammouche, M. Diaf, P. Siarry, “A Multilevel Automatic Thresholding Method Based on a Genetic Algorithm for 

a Fast Image Segmentation,” Computer Vision and Image Understanding, Vol. 109, pp. 163-175, 2008. 

[16] W.S. Ng, C.K. Lee, “Comment on Using the Uniformity Measure for Performance Measure in Image Segmentation,” 

IEEE Transactions on Pattern Analysis and Machine Intelligence, Vol. 18, pp. 933-934, 1996. 

[17] D.Y. Huang, T.W. Lin, W.H. Hu, “Automatic Multilevel Thresholding Based On Two-Stage Otsu’s Method with 

Cluster Determination by Valley Estimation,” International Journal of Innovative Computing, Information and Con-

trol, Vol. 7, pp. 1349-4198, 2011. 

 


