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Abstract—We have recently implemented a poly-polarization multiplexing (PPM) system as a hardware prototype in order to 
demonstrate its high spectral-efficiency in a satellite channel.  The Luise and Reggiannini (L&R) algorithm is one of the frequency 
offset estimation methods suitable for use with the Digital Video Broadcasting - Satellite (DVB-S2) standard, and has also been 
implemented in our PPM receiver.   In order to provide sufficient performance at the lowest SNR of about -2 dB, it is recommended 
to average the correlation estimates over 2048 frames.  In higher SNR regions however, such a large averaging size is unnecessary and 
by reducing the size, the system can be made more responsive to changes in the channel state.  In order to reduce the latency, we 
propose to measure the average noise power and select an efficient frame averaging length using a look-up-table.  We show that the 
benefits of the proposed adaptive architecture can be extended to short UW lengths through increasing the separation of the UW 
symbols.   Performance results show that the size of the averaging window can be substantially reduced whilst maintaining a target 
BER. 

 
 

Keyword—satellite communications, polarization multiplexing, frequency offset estimation, adaptive algorithm, latency reduction, 
performance investigation, hardware implementation. 
 

 
Julian Webber (M’96) received the M.Eng. and Ph.D. degrees from the University of Bristol, UK in 1996 and 2003 respectively. He 
worked on DSP at Texas Instruments from 1996 to 1998.  He was a Research Fellow at Bristol University from 2001-07 and then at 
Hokkaido University, Japan until 2012.   Since 2012 he has been working on Satellite communications at ATR, Kyoto, Japan. 
 
 
 
 
 
 

 
Yofune Masanori received the B.E. and M.S. degrees in systems engineering from Hiroshima City University, Hiroshima, Japan, in 2008 and 2010, respectively. 
In 2010, he joined Mobile Techno Corporation, Kawasaki, Japan, where he has been engaged in research and development on wireless communication systems. 
In 2012, he was assigned to ATR Wave Engineering Laboratories as a researcher and engaged in research and development on advanced techniques for frequency 
efficiency in satellite communication systems. His interest areas are wireless communication systems and digital signal processing. He is a regular member of the 
Institute of Electronics, Information and Communication Engineers (IEICE) of Japan. 
 
Kazuto Yano received a B.E. degree in electrical and electronic engineering, M.S. and Ph.D. degrees in communications and computer engineering from Kyoto 
University in 2000, 2002, and 2005, respectively.  He was a research fellow of the Japan Society for the Promotion Science (JSPS) from 2004 to 2006. In 2006, 
he joined the Advanced Telecommunications Research Institute International (ATR).  Currently, he is a senior research scientist of the Wave Engineering 
Laboratories, ATR. His research interests include space-time signal processing for interference suppression, MIMO transmission, and PHY/MAC cross-layer 
design of cognitive radio for ISM bands. He received the IEEE VTS Japan 2001 Researcher’s Encouragement Award, the IEICE Young Researcher’s Award in 
2007, the Ericsson Young Scientist Award 2007 and the IEICE 2007 Active Research Award in Radio Communication Systems. He also received 2010 Young 
Investigator Award in Software Radio from IEICE Technical Committee on Software Radio. He is a member of IEICE and IEEE. 
 
Hiroshi Ban (M’11) received the B.E., M.E., and D.E. degrees in polymer science and technology from the Tokyo Institute of Technology, Tokyo, Japan, in 1982, 
1984, and 1991, respectively. In 1984, he joined Ibaraki Electrical Communications Laboratories, Nippon Telegraph and Telephone Corporation, and started his 
career in research on photosensitive materials and microlithographic technologies. Since 2001, he has expanded his interest to sensor network systems, 
environmental assessment methodologies, and environmental ICT technologies. He moved to ATR in 2009, and is currently a head of the Department of 
Environment Communications of ATR Wave Engineering Laboratories. He received the Photopolymer Science and Technology Award from the Photopolymer 
Conference in 1998. Dr. Ban is a member of the IEICE of Japan, JSAP, and SPSJ. 
 
Naoya Kukutsu received the B.E., M.E., and Dr. Eng. degrees in electrical engineering from Hokkaido University, Sapporo, Japan, in 1986, 1988, and 1991, 
respectively. His Dr. Eng. Dissertation concerned the time-domain electromagnetic wave numerical analysis method.  In 1991, he joined the Applied 
Electronics Laboratories, Nippon Telegraph and Telephone (NTT) Murashino-shi, Japan. He was a Senior Research Engineer and Supervisor with the NTT 
Microsystem Integration Laboratories, NTT Corporation and is currently Head of the Environmental Communications Group in Wave Engineering Labs, ATR, 
Japan.  His research interests include millimeter-wave radio transmission systems and millimeter-wave imaging systems.  Dr. Kukutsu is a member of the 
IEEE Microwave Theory and Techniques Society (IEEE MTT-S) and the IEEE Communications Society. He is also a member of the Institute of Electronics, 

Adaptive Frequency Offset Estimation for 
Practical Satellite Communication Channels 

Julian Webber*, Masanori Yofune*, Kazuto Yano*, Hiroshi Ban*, Naoya Kukutsu*  
and Kiyoshi Kobayashi* 

*Wave Engineering Laboratories, Advanced Telecommunications Research International, 
2-2-2, Hikaridai, Seika-cho, Kyoto, 619-0288, Japan 

{jwebber, yofune_masanori, kzyano, hban, kukutsu, kobayashi}@atr.jp 



 2 

Information and Communication Engineers (IEICE), Japan. 
 
Kiyoshi Kobayashi received the B.E., M.E. and Ph.D. degrees from Tokyo University of Science, Japan, in 1987, 1989 and 2004, respectively. He joined NTT 
Radio Communication Systems Laboratories in 1989. He was engaged in the R&D on digital modulation / demodulation and synchronization control techniques 
for wireless communication systems and developed commercial devices such as a baseband LSI for PHS, a multi-carrier group modem for satellite 
communications. He received “The Meritorious Award on Radio” from the Association of Radio Industries and Businesses (ARIB) in 2003 and 2006, and “The 
Distinguished Contributions Award” from IEICE in 2007 and 2008. Currently, he is engaged in R&D on advanced technologies for wireless communications. He 
is a member of IEICE, IEEE and AIAA. 
 
 


	Adaptive Frequency Offset Estimation for Practical Satellite Communication Channels Julian Webber*, Masanori Yofune*, Kazuto Yano*, Hiroshi Ban*, Naoya Kukutsu*  and Kiyoshi Kobayashi*

