
 1 

 
 

Abstract—The present paper proposes a new method for constructing mutually orthogonal zero-correlation zone (MO-ZCZ) 
sequence sets using perfect sequences, orthogonal codes, and an interleaving technique. Generally, an MO-ZCZ sequence set is 
composed of several ZCZ sequence sets, and two arbitrary sequences that belong to different ZCZ sequence sets have orthogonality. 
Each ZCZ sequence set included in the proposed MO-ZCZ sequence set is a quasi-optimal ZCZ sequence set. In addition, two 
arbitrary sequences that belong to different ZCZ sequence sets have not only orthogonality but also a zero-correlation zone of which 
the ZCZ length satisfies quasi-optimality. Consequently, the proposed MO-ZCZ sequence set can be regarded as a single quasi-optimal 
ZCZ sequence set. In this sense, the proposed MO-ZCZ sequence set can be regarded as a generalized version of conventional MO-
ZCZ sequence sets. 
 

Keyword— MO-ZCZ sequence sets, Quasi-optimal ZCZ sequence sets, Spreading sequences, AS-CDMA systems, Spread spectrum 
communication 
 
 

Hideyuki Torii received the B.Eng., M.Eng., and Ph.D. degrees from the University of Tsukuba, Tsukuba, Japan in 1995, 1997, and 2000, 
respectively. In 2000, he joined the Department of Network Engineering, Kanagawa Institute of Technology as a Research Associate. He 
is currently an Associate Professor in the Department of Information Network and Communication at the same university. His research 
interests include spreading sequences, CDMA systems, and mobile communication systems. He is a member of IEEE and IEICE. 
 
 
 
 
 
 
 
Masaaki Satoh received the B.Eng. degree from Kanagawa Institute of Technology, Japan in 2011. He is currently a graduate student of 
Kanagawa Institute of Technology. His research interests include CDMA systems and spreading sequences. 
 
 
 
 
 
 
 
 
Takahiro Matsumoto received his B. Eng. and M. Eng. degrees in Information and Computer Science from Kagoshima University, 
Japan, in 1996 and 1998, respectively, and his Ph. D. degree in Engineering from Yamaguchi University, Japan, in 2007. He was a 
Research Associate from 1998 to 2007 and an Assistant Professor from 2007 to 2012 at Yamaguchi University, Japan. Since 2012, he has 
been an Associate Professor of the University Evaluation Department at Yamaguchi University. From 2010 to 2011, he was a visiting 
researcher at the University of Melbourne, Australia. His current research interests include spread spectrum systems and their applications. 
He is a member of IEEE and IEICE. 
 
 

 

Generalized Mutually Orthogonal ZCZ 
Sequence Sets Based on Perfect Sequences and 

Orthogonal Codes 

Hideyuki Torii*, Masaaki Satoh**, Takahiro Matsumoto***, Makoto Nakamura* 
*Department of Information Network and Communication, Kanagawa Institute of Technology, 

1030 Shimo-ogino, Atsugi, Kanagawa, 243--0292, Japan 
**Graduate School of Engineering, Kanagawa Institute of Technology, 

1030 Shimo-ogino, Atsugi, Kanagawa, 243--0292, Japan 
*** University Evaluation Department, Yamaguchi University, 

1677-1 Yoshida, Yamaguchi-shi, 753-8511, Japan 
torii@nw.kanagawa-it.ac.jp, massa220@gmail.com, matugen@yamaguchi-u.ac.jp, 

nakamura@nw.kanagawa-it.ac.jp 



 2 

Makoto Nakamura received the B.E., M.E., and Ph.D. degrees in Communication Engineering from Osaka University, Osaka, Japan, in 
1972, 1974, and 1993, respectively. He joined Toshiba Research and Development Center in 1974, and he engaged in research and 
development of several kinds of communication systems, including mobile communication systems and satellite communication systems. 
From 1997 to 2000, he was a Professor of Electric and Electronics Engineering at Kanagawa Institute of Technology. He is currently a 
Professor in the Department of Information Network and Communication at the same University. His research interests include 
communication theory, mobile communication systems, and error control systems. He is a member of IEEE and a senior member of 
IEICE. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


	Hideyuki Torii*, Masaaki Satoh**, Takahiro Matsumoto***, Makoto Nakamura*

