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1.   Introduction

Broadband mobile satellite communications ser-
vices are already being offered to passengers on 
trains, airplanes, and vessels via the Ku band [1], [2]. 
However, the earth stations (ESs) are still expensive 
because they need a highly accurate auto-tracking 
directional antenna. This antenna must track not only 
satellite direction but also polarization precisely to 
avoid interference from other satellite users and/or 
other polarization users. This requirement means that 
ESs for mobile satellite communications are expen-
sive.

Insufficient polarization tracking leads to harmful 
cross-polarization interference and degrades frequen-
cy utilization efficiency. To solve these problems, we 
introduced a novel Ku-band broadband mobile satel-
lite communications system with a simple satellite-
tracking antenna called the adaptive polarization 

division multiplexing (APDM) system. It allows each 
user ES to freely utilize both polarization and fre-
quency resources. This article overviews the concept 
of the APDM system, introduces the technologies 
that make the system possible, and presents the 
results of satellite experiments.

2.   System overview

To achieve an attractive Ku-band broadband mobile 
satellite communications system, we aim to use a 
polarization-tracking-free antenna at the ES and 
improve the spectrum efficiency by using dual-polar-
ization satellite transponders.

To eliminate the polarization tracking mechanism 
from the ES without creating harmful interference at 
other ESs, our approach is to utilize vertical-polariza-
tion (V-pol.) and horizontal-polarization (H-pol.) 
resources simultaneously. The signal transmission 
model of the APDM system is shown in Fig. 1. The 
ES creates and transmits two polarized signals. Since 
the ES of the APDM system does not track the 
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polarization status, the quality of received signals is 
degraded because of the existence of cross-polariza-
tion interference. However, since both signals have 
the same frequency, which is unique to each ES, the 
cross-polarization interference never harms other 
ESs. Moreover, since the cross-polarization signal is 
originally the user’s own signal, it can be simply 
detected and removed by the interference canceller in 
the receiver [3]. The APDM system prevents any sig-
nificant quality degradation even though it has no 
polarization tracking device.

We also use multicarrier decomposition/composi-
tion, as shown in Fig. 1, to improve the frequency 
utilization efficiency [4]. A typical Ku-band satellite 
communications system uses demand assign multiple 
access as the access method. Since each ES releases 
assigned frequency slots after disconnection, the sat-
ellite’s unused frequency slots, which may not be 
wide enough to reallocate to other ESs, are fragment-
ed. An example of transponder frequency allocation 
is shown in Fig. 2. To fully utilize these slots, the trans-
mitter splits the signal into multicarrier signals corre-
sponding to the transponder’s available frequency 
slots. These split signals are converted into the assigned 
frequency slots by the frequency multiplexer.

3.   Developed technology

For the APDM system shown in Fig. 1, we have 

developed an APDM modem and a channel control 
unit (CCU); these are the key components of this 
system. The most important function of the APDM 
modem is to cancel cross-polarization. Since conven-
tional satellite communications system users are 
assigned only a single polarization channel (either 
V-pol. or H-pol.), the satellite transponder frequen-
cies for V-pol. and H-pol. may be asynchronous. 
Therefore, the interference canceller must work prop-
erly under the condition of asynchronous V/H fre-
quency conversion. A block diagram of our interfer-
ence canceller [3] is shown in Fig. 3. It eliminates 
asynchronous V/H frequency offsets as well as cross-
polarization interference in a hybrid manner. In 
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practice, cross-polarization is cancelled at the V/H 
interference canceller by using the received unique 
word.

To support multicarrier systems, the APDM modem 
has a flexible frequency multiplexer/demultiplexer 
that exploits frequency domain signal processing [5]. 
A photograph of the APDM modem is shown in 
Fig. 4 and its main specifications are listed in 
Table 1.

Because the APDM system must use V/H polariza-
tion resources simultaneously, it obviously cannot 
use the conventional channel access method that uses 
only a single polarization. Our solution was to devel-
op a novel channel assignment algorithm and a CCU 
for the APDM system [6]. The channel assignment 
algorithm optimizes the bandwidth and number of 
carriers as well as the modulation schemes for the 
required connection mode (APDM mode or conven-
tional mode) and transmission rate under V/H polar-
ization usage.

4.   Satellite experiments and results

To confirm the feasibility of the APDM system, 
satellite experiments were carried out. The experi-
mental setup is shown in Fig. 5. Three ESs—a base 
station (BS), fixed station (FS), and simulated mobile 
station (MS)—were set at different locations. The 
simulated mobile station utilized a ship motion simu-
lator that mechanically imposed three kinds of 
dynamic ship motion (forward ship movement in low 
waves and high waves and circular ship movement) 
on the auto-tracking satellite directional antenna. 
Each motion was based on field measurement. Cir-
cling motion has the biggest impact on the change in 
polarization angle.

Examples of the constellation before and after 
interference cancellation are shown in Figs. 6(a) and 
(b), respectively. As shown in Fig. 6(a), the transmit-
ted V/H signals were mixed and rotated owing to 
cross-polarization interference and V/H asynchronous 
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Fig. 3.   Block diagram of cross-polarization interference canceller.

Fig. 4.   APDM modem.

Modulation

Number of carriers

Number of users

Carrier frequency separation

Bitrate

Forward error correcting

BPSK, QPSK, and 16QAM

0–128/polarization

0–25

100 kHz (minimum)

80 kbit/s to 5.12 Mbit/s

Turbo product code (encoding rate: 0.66)

Table 1.   Main specifications of APDM modem.
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frequency offsets. After interference cancellation, 
however, the transmitted V/H signals were demodu-
lated individually without any cross-polarization 
interference; the frequency offsets are shown in 
Fig. 6(b).

Examples of the bit error rate performance mea-
sured in the BS-to-FS and BS-to-MS links are shown 
in Fig. 7. The polarization angle in the BS-to-FS link 
was adjusted to act as a reference. The degradation in 
the required ratio of the energy per bit to noise power 
spectral density (Eb/N0) was about 0.8 dB compared 
with computer simulation regardless of the ship 

motion.
Finally, we verified the CCU-based channel man-

agement. The spectrum of the satellite transponder 
after the assignment of the channels listed in Table 2 
is shown in Fig. 8 as an example. As each carrier’s 
transmission rate was about 80 kbit/s, it was also con-
firmed that channel assignment was carried out as 
intended. Note that the carrier on the left (V-pol.) is a 
CCU control channel.
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5.   Conclusion

This article described the APDM satellite commu-
nications system and feasibility evaluation experi-
ments conducted on a polarization-tracking-free Ku-
band broadband mobile satellite communications 
system. Satellite experiments confirmed that a polar-
ization-tracking-free Ku-band system can be achieved 
by raising the link margin by 0.8 dB.
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Table 2.   Channel parameters and assigned carrier number by CCU.
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