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Abstract 
Walsh functions are widely used in many areas such as signal and image processing, digital communication etc. Walsh function system is 
orthogonal and completed. Among many methods to generate Walsh functions, Swick's copy theory is famous. This method takes Walsh 
function's order numbers as the copy information and can generate an arbitrary function given certain order number, which in fact is the 
vector processing method and is not applicable for such 2D signal processing applications as fast transforms. Walsh function system can be 
expressed by Walsh matrix Wk. In this paper, row copy and block copy methods are put forward based on Wk. Copy operators are 
designed based on symmetries and a new ordering is discovered (named Walsh-Like ordering). After the iterative formulas of 6 ordering 
Walsh matrices are deduced by Kronecker product, the computer images of these matrices are illustrated. It is proved that the proposed 
method is more advanced than the former. The later can achieve higher performance and is applicable to the fast transforms designing. 
The fourth symmetric ordering of Walsh function system is discovered (Walsh-Like ordering), and the conjecture that the new ordering is 
likely to be the reverse form of Walsh ordering is made by analyzing and comparing with these images. 
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摘要 
Walsh函数在信号处理、图像处理、通信等众多领域有着广泛的应用.Walsh函数系是一个正交而完备的函数系,可以通过多种方法生成这一函

数系.其中,Swick提出的复制方法应用最为广泛,该方法以Walsh函数的序码作为复制信息,可以复制出任意给定序数的Walsh函数.其本质是基于

向量的处理,不适于类似快速变换等二维信号的处理.Walsh函数系可用Walsh方阵Wk表示.提出了基于Wk的行复制和块复制方法.基于对称性引

入复制算子,并发现了一种新序(类Walsh序).利用Kronecker积推导了6种序的Walsh方阵的递推公式并绘制了它们的计算机图像,发现这些图像

具有分形意义上的自相似结构.结果表明,基于矩阵的复制是比基于序码的复制更先进的复制方法.前者性能更优,适于快速变换的设计.而且,利
用它发现了Walsh函数系的第4种对称的序:类Walsh序.通过分析和比较各种序的计算机图像,得出类Walsh序更适合作为Walsh序的逆反形式的

猜想.  

基金项目：本文为2005年中国计算机大会推荐优秀论文.Supported by the National Natural Science Foundation of China under Grant 
No.60473015 (国家自然科学基金) 
References:   
[1] Wang NC. The mathematical beauty of Walsh functions (I), (II). Journal of Yunnan University (Natural Science), 1997, 19
(Supplement):306-323 (in Chinese with English abstract). 

P.O.Box 8718, Beijing 100080, China Journal of Software,  May  2006,17(5):1241-1250

E-mail: jos@iscas.ac.cn ISSN 1000-9825,  CODEN RUXUEW,  CN 11-2560/TP

http://www.jos.org.cn  Copyright © 2006 by Journal of Software



[2] Swick DA. Walsh function generation. IEEE Trans. on Information Theory, 1969,IT-15(1):167-167. 
[3] Li ZH, Zhang QS. Ordering of Walsh function. IEEE Trans. on Electromagnetic Compatibility, 1983,EMC-25(2):115-119. 
[4] Wang NC. Bisection techniques of synchronous parallel algorithms design. Science in China (Series A), 1995,25(2):207-211 (in Chinese 
with English abstract). 
[5] Wang NC. Walsh functions generated with evolution. China Journal of Image and Graphics, 1996,1(3):225-231 (in Chinese with English 
abstract). 
[6] Lu XP, He NZ, Wang NC. The reverse forms of Gray-code. Journal of Yunnan University (Natural Science), 1997,19(Supplement): 297-
299 (in Chinese with English abstract). 
[7] Zhang QS. Signal's Copy Theory and Its Applications. Beijing: People's Posts & Telecommunications Publishing House, 2001 (in 
Chinese). 
[8] Guo WB, Wang NC, Shi BC. Fast algorithms for the Walsh transform in M-ordering. Mini-Micro System, 2003,24(2):295-298 (in Chinese 
with English abstract). 
[9] Li Q, Zhou ML, Shi BC, Wang NC. Fast algorithms for the Walsh transform in contrary Walsh-ordering. Science General Journal, 1998,43
(5):482-488 (in Chinese with English abstract). 
[10] Qi DX. Fractal and its Computer Generation. Beijing: Science Press, 1996 (in Chinese). 
[11] Wolfram S. A New Kind of Science. Champaign: Wolfram Media, Inc., 2002. 
附中文参考文献: 
[1] 王能超.Walsh函数的数学美(I)、(II).云南大学学报(自然科学版),1997,19(增刊):306-323. 
[4] 王能超.同步并行算法设计的二分技术.中国科学(A辑),1995,25(2):207-211. 
[5] 王能超.Walsh函数的演化生成.中国图像图形学报,1996,1(3):225-231. 
[6] 陆晓朋,何南忠,王能超.Gray码的逆反形式.云南大学学报(自然科学版),1997,19(增刊):297-299. 
[7] 张其善.信号的复制生成理论及应用.北京:人民邮电出版社,2001. 
[8] 郭卫斌,王能超,施保昌.M序Walsh变换的快速算法设计.小型微型计算机系统,2003,24(2):295-298. 
[9] 李青,周美莲,施保昌,王能超.反Walsh序Walsh变换的快速算法设计.科学通报,1998,43(5):482-488. 
[10] 齐东旭.分形及其计算机生成.北京:科学出版社,1996. 


