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We have investi?ated schemes for novel construction schemes of sequence sets

having a zero-correlation zone, so-called ZCZ sequence sets consisting of subsets. The correlation
function of the sequences pair of different subsets has a ZCZ with a greater width than that of the
correlation function of sequences of the same subset. The width of the ZCZ of the inter-subset is
designed with a particular structure as follows; 1) The subsets of sequence set can be associated
with a perfect binary tree. For a longer distance between the corresponding leaves to the sequences
pair, the ZCZ is wider. 2) The subsets of the proposed sequence set can be associated with a perfect

quad-tree. 3) The width of the ZCZ between a sequence of the j-th subset and one of the k-th subset

of the proposed sequence sets is almost proportional to the |j-k|. We have evaluated the
performance of several applications, including wireless communications, ultrasonic imaging, and
visible secret sharing.



“ " (ZCz )

ZCz
ZCz
3
( 5 ) (CRAN)
Massive MIMO
L N N n( 2)
0<jj Z ( ) 0
0<jj Z 0
o<t | =z 0 (z
>2)
Cz n=1 (Zero
Corrleation Zone Sequence) ZCz
ZCz
ZCz
ZCz 1 2
13 ” 1
1
CZ (n>1;z>2
(121 )
ZCz
(41 )
0
(B )
“ " 2-3 ZCz
2 ZCz 1
(@) ZCZ 3
ZCz L L ZCZ
LM(Z+1)
2-3 ZCZ
ZCZ “ ”
ZCZ
{s0; S1; S S5} 4
sl s2 1 s1 s3 2

) 2Cz



A4

" CZ C7 " C7
2 M
(@) C7 (b) zCz
@ 2Cz
C7
V)
2 3 C7
2 Multi Input Multi
Output (MIMO) Massive MIMO
2016
2016
+ n
n {4m} + 2" {m+1} @'m -1) n2/m
2°m
2"\m-1 n {4m} + 2" {m+1} ©Q"m -1)

n~{4m} n/(n+2)



I+

2017
2017

n 0

m 2'm2(n + 1)0 2n0

2"m-1 0 i k

2" {m+1} 0| j-k|
4 n
m 4 8 m@+1)+2m (4"'m-1) /3) 2°{2m+13n
2"m-1 4"m m
3.k
4
8
ZCZ ZCz
2018
2018
+ n
8(8"m (n+ 1) +2”m (4"m -1)/3)
n 4 m 2 m-1
n/(n+(4/3))
4
S/N
8
8
ZCZ



o

Thanh V. Pham, Takafumi Hayashi and Anh T. Pham, "Artificial-Noise-Aided
Precoding Design for Multi-User Visible Light Communication Channels," in IEEE
Access. doi: 10.1109/ACCESS.2018.2889119

Takafumi Hayashi, Takao Maeda, Anh T. Pham Shinya Matsufuji, "A Novel Class of
Structured Zero-Correlation Zone Sequence Sets,” IEICE Transactions on
Fundamentals of Electronics, Communications and Computer Sciences, Vol.E100-A,
No.10, pp.953-960, Oct. 2017, DOI: 10.4236/ait.2017.74009

Takafumi Hayashi, Yodai Watanabe, Takao Maeda, Shinya Matsufuji, "A Novel
Construction of Tree-Structured Zero-Correlation Zone Sequence Sets,” IEICE
Transactions on Fundamentals of Electronics, Communications and Computer
Sciences, Vol.E100-A, No.10, pp.953-960, Oct. 2017, DOI: 10.4236/ait.2017.74009

Takafumi Hayashi, Yodai Watanabe, Toshiaki Miyazaki, Anh Pham, Takao Maeda,
Shinya Matsufuji, "A Novel Class of Quadriphase Zero-Correlation Zone Sequence
Sets," IEICE Transactions on Fundamentals of Electronics, Communications and
Computer Sciences, Vol.E100-A, No.4, pp.953-960, 2017.

Zhenni Li, Shuxue Ding and Takafumi Hayashi, "Analysis Dictionary Learning using
Coordinate descent with Proximal Operators, " Neurrocomputing, Volume 239, 24 May
2017, pp. 165-180, http://dx.doi.org/10.1016/j.neucom.2017.02.014

Zhenni Li, Takafumi Hayashi, Shuxue Ding and Yujie Li, "Dictionary Learning with
L1/2-regularizer and the Coherence Penalty and Its Convergence Analysis,"
International Journal of Machine Learning and Cybernetics, pp.1-14, 2017,
https://doi.org/10.1007/s13042-017-0649-9

Zhenn Li, Shuxue Ding, Takafumi Hayashi, Yujie Li., "Incoherent dictionary learning
with log-regularizer based on proximal operators,” Digital Signal Processing: A Review
Journal, 63, pp. 86-99. , 2017 , https://doi.org/10.1016/j.dsp.2016.12.014

2

Takafumi Hayashi, Anh T. Pham, Kensaku Kawauchi, Yoshinobu Tanno, Shinya
Matsufuji, Takao Maeda, "A Novel Construction of Quadtree-Structured
Zero-Correlation Zone Sequence Sets,", ISITA 2018, pp,476-480, Singapore, Oct., 2018,

Thanh V. Pham, Takafumi Hayashi, and Anh T. Pham. Artificial-Noise-Aided
Precoding Design for Multi-User Visible Light Communication Channels, In the Proc.
of the 2018 IEEE International Conference on Communications (ICC'18), WS on OWC.
Kansas City, USA. May, 2018.

0



Takao Maeda

8 00264565

Yodai Watanabe

8 70360675

@



