
1  Introduction

The Engineering Test Satellite VIII (ETS-
VIII) will be equipped with devices to switch
communication signal routes, enabling single-
hop connection (i.e., bypassing the base sta-
tion) between users within the same beam or
across different beams.  Two types of onboard
switching devices have been developed, fea-
turing different transmission rates and meth-
ods.  One type consists of signal-processing
equipment for voice communication (OBP) [1]
[2], while the other involves the use of an
onboard packet-switching device for mobile
data communication (PKT) [3] [4].  The dia-
gram in Fig.1 shows an overview of satellite
communication systems based on these two
types of onboard signal-switching devices.

These two onboard signal-switching
devices have been developed for completely
independent purposes and have no mutual sig-
nal connections.  The respective radio inter-
faces and communication protocols also differ
significantly.  One device must be switched
off while the other is in operation, due to
restrictions in the power resources of the satel-
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A developmental trial was carried out of a communication terminal to be used for satel-
lite communication experiments using the signal-processing (OBP) and packet-switching
(PKT) equipment onboard ETS-VIII.  The OBP and the PKT are the satellite voice-communi-
cation equipment and data-communication equipment, respectively, for mobile satellite
communications.  They have different transmitting speeds and communication protocols
from each other.  The terminal developed has two functions: (1) to operate as a communica-
tion terminal for the OBP, and (2) to act as a terminal for the PKT.  To accomplish these two
different functions using the same terminal, digital signal processing techniques were adapt-
ed from the area of modulation and demodulation processing in the base-band to the
process of frequency conversion between the base-band and inter-medium frequency band.
These signal-processing techniques were performed using integrated-circuit semiconduc-
tors for digital frequency conversions and software signal processing with a high-speed dig-
ital signal processor.  This trial showed that it is feasible to build a unique, compact commu-
nication terminal (A4 size without the RF sections) that can be operated for both types of
communication systems.
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lite and relay signal routes.  Thus it is general-
ly assumed that OBP and PKT communication
terminals must be developed and used sepa-
rately.  

However, recent advances in digital sig-
nal-processing techniques have enhanced soft-
ware-based processing of various communica-
tion signals.  These techniques have enabled
the construction of a communication terminal
prototype capable of treating both OBP and
PKT data.  This terminal applies digital signal
processing to the full extent possible to adapt
common hardware to different transmission
rates and communication protocols.  Such a
device can operate as an OBP or PKT commu-
nication terminal through software switching
via external interface.  

This report presents a communication ter-
minal prototype developed with both OBP and
PKT communication functions (the OBP/PKT
communication terminal).  This communica-
tion terminal employs IF-band (140 MHz)
input and output signals.  Applying the latest
high-performance LSI (large scale integrated
circuit) for digital signal processing, the dual-
communication terminal is relatively compact
(corresponding approximately to A4 size).
Simply connecting the terminal through a
LAN to a personal computer (PC) provided
with a general-purpose browser also enables
terminal control (terminal start up, parameter
modification, call-in and -out requests in OBP
mode, etc.).  The same PC can run general
applications at the same time, including Inter-
net connection in PKT mode.  In section 2 of
this report we discuss the hardware require-
ments for common functions; in Section 3 we
will outline required equipment configura-
tions, and Section 4 will present a review of
signal processing for modulation/demodula-
tion and communication control.

2  Hardware requirements

Table 1 lists the major OBP and PKT spec-
ifications side-by-side to clarify the required
characteristics of a prototype OBP/PKT com-
munication terminal.  Both have the same

basic function: to select a route within a beam
or across beams according to user request via
onboard computer.  Here, OBP is for voice
communication between portable terminals
and uses multi-carrier TDMA (time division
multiple access) with a low information rate of
5.6 kbps per channel due to the limitations in
transmission and reception capabilities of the
portable terminals.  On the other hand, PKT is
for relatively rapid data communication with
mobile terminals, such as those installed in
automobiles, using the packet transmission
method (with a transmission rate of 1.024
Mbps per carrier).

Based on these specifications for the sig-
nal-switching devices, the required character-
istics of an OBP/PKT communication terminal
are as follows.
(1) Support for different channel frequencies

and different channel spacing (50-kHz
spacing in OBP mode and 1.5-MHz spac-
ing in PKT mode)

(2) Support for different transmission rates (70
kbps in OBP mode and 1024 kbps in PKT
mode) and different access methods
(multi-carrier TDMA in OBP mode and
slotted ALOHA in PKT mode).  OBP
mode should support simultaneous recep-
tion in two signal channels at different fre-
quencies, for separate reference and com-
munication signals.

(3) Support for different connection control
protocols

(4) Support for different uses (voice communi-
cation in OBP mode and data communica-
tion in PKT mode)
On the other hand, the following radio

parameters are common to both OBP and PKT
modes.
• Modulation/demodulation methods are the

same (π/4-shift-QPSK and coherent detec-
tion).

• Both receive burst signals with an unmod-
ulated preamble signal header (The lengths
of the preambles are different for OBP and
PKT modes.).

• Both use the same error-correction method
(Convolutional coding with a rate of 1/2 and
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constraint length of 7).
• The roll-off factor of the transmission and

reception root Nyquist filter is 0.5 for both.
The hardware configuration of the

OBP/PKT communication terminal prototype
must take all of these features into considera-
tion.  As the respective signal-switching
devices aboard the ETS-VIII will never oper-
ate simultaneously, the communication termi-
nal is not required to perform the two func-
tions simultaneously.  The input and output
frequencies for this terminal are set in the IF
band (140-MHz band).  Satellite communica-
tion with this terminal requires that the termi-
nal be connected to a separate portable earth
station; specifically, a general-purpose earth
station equipped with frequency-conversion
functions for the 140-MHz and S-band, trans-
mission and reception functions for RF sig-

nals, and an antenna.

3  Basic configuration

Fig.2 shows the basic configuration of the
OBP/PKT communication terminal designed
based on the requirements discussed in the
previous section.  Table 2 shows the specifica-
tions of the terminal.  Fig.3 shows the external
appearance of the terminal.  Broadly speaking,
the terminal consists of an analog processing
unit, a digital processing unit, and equipment
for external connection.  These functions are
discussed below.

3.1  Analog processing unit
The analog processing unit converts the

140-MHz IF to a second IF using an ordinary
mixer.  Here, bandpass filters for the required
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bands are inserted before and after the mixer
to remove spurious signals and to limit receiv-
er noise.  Level adjustment is also conducted
using an attenuator (ATT) that can be external-
ly controlled.  As the transmission bandwidths
differ between the OBP and PKT modes
(OBP: 35 ksps, PKT: 512 ksps), custom band-
pass filters are prepared for each; an analog

switch is used to toggle between them.  To
provide for the different frequencies and chan-
nel spacing discussed in (1) of the previous
section, the frequency of the local oscillator is
controlled to establish the necessary channel
frequency.  This local oscillator uses a 12.8-
MHz TCXO (temperature controlled crystal
oscillator) as the original oscillator and fea-
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tures a PLL (phase lock loop) to control the
oscillation frequency externally in 10-kHz
steps.  The analog and digital processing units
are connected with A/D or D/A converted sig-
nals (A: Analog, D: Digital) in the second IF
band.

3.2  Digital processing unit
The main components of the digital pro-

cessing unit are a digital up converter (DUC),
a digital down converter (DDC), a digital sig-

nal processor (DSP), a built-in host computer
(CPU), a voice codec unit, a field programma-
ble gate array (FPGA) constituting the periph-
eral circuits for the DSP and CPU, and clock
oscillators for the various LSIs.  The follow-
ing discusses the functions of each component
and the handling of requirements (2)–(4) indi-
cated in the previous section.
(1) DUC

The DUC (AD9857 Digital Up Converter
LSI, Analog Devices, or “AD”) conducts the
required over-sampling and quadrature modu-
lation of the N sample/symbol (N=16 in OBP
mode and N=4 in PKT mode) transmission
digital baseband signals that are generated in
the DSP and processed through an output fil-
ter.  The DUC then outputs D/A converted fre-
quency signals in the second IF band.  Over-
sampling of the second IF signals (51.76
MHz) in OBP and PKT modes is conducted as
described below.  A single LSI conducts quad-
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rature modulation and frequency conversion
of the modulation signals at different trans-
mission rates by switching the over-sampling
rates in the DUC between the OBP and PKT
modes.

OBP: 16 samples/symbol (560 kHz)×240
= second IF sampling frequency (134.4 MHz)

PKT: 4 samples/symbol (2048 kHz)×64 =
second IF sampling frequency (131.072 MHz)
(2) DDC

The DDC (AD6620 Digital Down Con-
verter LSI, AD) conducts pseudo-quadrature
detection, reception filtering (root cosine roll-
off with a roll-off factor of 0.5), and sampling
decimation (up to 4 samples/symbol) for the
A/D converted second IF digital signals
received (OBP: 10.52 MHz and 10.7 MHz;
PKT: 10.7 MHz).  The ratio of sampling deci-
mation in the DDC is set as follows for the
OBP and PKT modes:

OBP: second IF sampling frequency (32.7
MHz)/234 = 140 kHz (4 samples/symbol)

PKT: second IF sampling frequency
(32.768 MHz)/16 = 2048 kHz (4 samp-
les/symbol)
(3) DSP

The DSP (TMS320C6416 digital signal
processor, Texas Instruments, or “TI”) gener-
ates the digital baseband signals to be trans-
mitted to the DUC and demodulates the digital
baseband signals received from the DDC.
This 32-bit fixed-point processor can conduct
a maximum of eight operations simultaneous-
ly using two sets of four types of built-in arith-
metic registers, and features 3200-MIPS per-
formance (when operating at a clock frequen-
cy of 400 MHz).

Both OBP and PKT modes useπ/4-shift-
QPSK for modulation/demodulation, coherent
detection of burst signals for demodulation,
and Convolutional coding for error-correction
coding.  These common modulation and
demodulation processes can apply the same
techniques for the signal processing algorithm
if the sampling rates per symbol are the same,
even though the transmission rates may be dif-
ferent.  Thus, the DSP software codes for the
OBP and PKT modes have much in common,

simplifying software development.  Further,
the Viterbi decoding DSP hardware function is
used for Convolutional coding error correc-
tion, which also reduces the software process-
ing load.
(4) Built-in host computer

The host computer is a general-purpose
PC module (PCM-3350 F by Advantech, with
a National Semiconductor (NS) onboard CPU:
GX1-300 MHz; 128 MB of SDRAM system
memory).  The OS is Linux.  This built-in host
computer transfers the signal-processing soft-
ware code to the DSP, controls the DSP opera-
tion modes, sends transmission data to the
DSP, acquires demodulation data from the
DSP, processes the radio control protocol cor-
responding to the onboard signal switching
equipment, provides network processing to
transmit the Internet protocol to the satellite
network (bridge function), and processes the
external interfaces.  This host computer is also
equipped with flash memory for storage of the
control software.
(5) Voice codec

Voice communication in the OBP mode
uses the PSI-CELP voice codec board (MPD-
200, Japan Kyastem, with TI’s onboard DSP
TMS320 VC 5420 for voice coding and
decoding).  This board transports the coded
voice data to the DSP and decodes the voice
data demodulated in the DSP.
(6) Peripheral circuits

The A/D converter, DUC, DDC, and other
devices described above require different driv-
ing clocks at frequencies that also differ
between OBP and PKT modes.  Thus, several
direct digital synthesizer LSIs with variable
oscillating frequencies (DDS: AD9851, AD)
generate the necessary clock frequencies for
each LSI.  The FPGA, which processes signals
between the DSP and DUC or DDC, also pro-
vides further functions, including additional
filtering.  

3.3  Externally connected equipment
To use the OBP/PKT communication ter-

minal, the user must have a PC with installed
browser software.  The built-in host computer

Journal of the National Institute of Information and Communications Technology Vol.50 Nos.3/4   2003



is assigned an exclusive IP address and func-
tions as a server.  When the user accesses the
host computer, the browser displays buttons
permitting control of the OBP/PKT terminal.
Terminal control includes switching between
the OBP and PKT modes, modification of
parameters for each mode, dialing of the tele-
phone number in the OBP mode, and loading
software to the onboard signal switching
equipment in administrator mode.

When the OBP/PKT communication ter-
minal is used as a mobile station in PKT
mode, the user PC is also used to operate gen-
eral-purpose applications (e.g., Internet con-
nection and sending and receiving of email).
Here, another OBP/PKT communication ter-
minal connected to a PC with server functions
or to a router connected to a LAN is assumed
to be used at the other end of the communica-
tion link.

4  Outline of signal processing

4.1  Demodulation processing by DSP
The radio signals used for OBP and PKT

are burstπ/4-shift-QPSK signals, with unmod-
ulated and clock patterns added to the header.
The receiver demodulates the signals by
coherent detection.  Coherent detection for
these signals requires high-speed carrier-
recovery and clock-recovery processes.  Gen-
erally, there are two types of digital signal pro-
cessing: storage-type signal processing that
stores one burst of sample signals before
demodulation, and real-time processing, in
which the received signals are successively
demodulated.  Storage-type signal processing
enables complex operations that cannot be
performed with real-time processing, such as
FFT and time reversal.  However, this type of
processing has certain disadvantages: it
requires significant memory and entails
marked processing delays in voice communi-
cation.  On the other hand, real-time process-
ing allows for signal demodulation with limit-
ed memory and minimal processing delay,
reducing the signal-processing delay in voice
communications in OBP mode.  Real-time

processing has thus been adopted in the proto-
type terminal.

Rapid carrier recovery based on the LERF
method is available for real-time processing
[5], enabling detection and high-speed carrier
recovery of input signals with large frequency
offsets and low C/N (carrier to noise) ratios.
This method integrates adaptive filtering using
an infinite impulse response filter into an
inverse-modulation feed-forward carrier
recovery circuit.  Fig.4 shows the configura-
tion of this circuit.  This method also has a
capability of timing detection of the incoming
preamble part of OBP or PKT signals and
completes carrier recovery processing during
the course of the preamble part.  The computer
simulation in reference [5] results in carrier
recovery that is complete within several tens
of symbols at a C/N of 6 dB for a signal with a
frequency offset that is 5% of the symbol rate.  

4.2  Communication control protocol
processing

The OBP/PKT communication terminal
conducts communication control processing
based on the communication protocol and
control specifications [6] [7] of the OBP and
PKT onboard signal switching equipment,
with the host computer controlling the periph-
eral circuits, including the DSP.  The various
communication controls are outlined below.
(1) OBP communication control

Directly after startup, the terminal receives
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a BCCH signal (the OBP frame reference sig-
nal) from the satellite and performs frame syn-
chronization.  Next, the terminal conducts
subscriber registration (registration of the sub-
scriber’s area code and telephone number in
the onboard signal-switching device) and posi-
tioning registration (registration at the satellite
of the subscriber’s position corresponding to a
satellite beam area to prepare for ordinary
telephone call requests.  In response to a call
request from a user (caller process) or from
the satellite (calee process), the terminal estab-
lishes the satellite link according to the fol-
lowing procedure and enters voice-communi-
cation mode.
• Establishment of a link channel

The terminal establishes a link to
exchange control information between the
onboard signal switching equipment and the
terminal using a specific slot in the specified
frequency channel of the OBP frame.  Here
the transmission timing is adjusted based on
the transmission timing information included
in the BCCH.  
• Establishment of a service channel

The onboard signal switching equipment
allocates a service channel for voice commu-
nication through the established link channel.
• Call phase 

The terminal conducts point-to-point com-
munication with a remote station using the
service channel.  OBP operates in non-genera-
tive mode when used for communication
between a mobile terminal and the base sta-
tion.  In this mode, the terminal and the base
station are directly connected to each other
and are synchronized to the OBP frame.  On
the other hand, OBP operates in generative
mode when used for communication between
two mobile terminals connected via an S-band
service link.  In this mode, the remote station
connected to each terminal is in fact the
onboard satellite modem.
• Call termination phase

The terminal re-establishes the link chan-
nel and notifies the onboard signal switching
equipment of disconnection after termination
of the call.

Additional modes are available: adminis-
trator mode, for modifying the parameters of
the onboard signal switching equipment and
for loading network control software, and
fixed-test mode, in which the connection sta-
tus is fixed.
(2) PKT communication control

Network control is simpler in PKT mode
than in OBP mode, as the PKT mode employs
slotted ALOHA packet communication.  First,
the terminal receives the reference signal
transmitted periodically from PKT and syn-
chronizes the PKT frames.  The terminal can
then transmit data to the address of the remote
station.  Here the address corresponds to the
MAC (Media Access Control) address exclu-
sively designed for the PKT system and attrib-
uted to each terminal.  The onboard signal
switching equipment features an onboard
mapping table including the MAC address and
the user beam port, to perform switching
between the beams.  This function corre-
sponds to that of bridges used in LANs on the
ground.  On the other hand, Internet applica-
tions in the general-purpose PC connected to
the terminal perform communication based on
the IP address.  Thus, the OBP/PKT communi-
cation terminal needs to feature a conversion
routine between the MAC and the IP address-
es (bridge function) or it must function as a
gateway (router function).  The device devel-
oped in the current study features the bridge
function.

The user can choose between random or
reserved modes when using the satellite link.
• Random mode

The random mode sends the packet signal
to an arbitrary slot in the random slot area.
When the packet signal collides with another
packet signal, necessary measures are taken.
(When the satellite receives the signal normal-
ly, this is confirmed through reception of the
partial echo signal.) 
• Reserved mode

Reserved mode communication entails the
attribution of a specific slot to each minor or
major PKT frame.  This mode avoids packet
collision.  When the user earth station
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employs the reserved mode, the terminal sends
a reservation request packet before transmit-
ting data, confirms the reservation information
from PKT, and initiates communication.

The choice between random or reserved
mode is currently the user’s.  However, specif-
ic criteria for selection has yet to be estab-
lished; accordingly, we need to consider a
method of selecting the optimal mode accord-
ing to the specific application.

5  Summary

A communication terminal has been devel-

oped for OBP and PKT aboard the ETS-VIII.
This terminal adopts digital signal processing
for all signal processing at or below the IF.
The terminal features dual communication
functions in its approximately A4-sized body.
Performance tests will be conducted.  After
the launch of the ETS-VIII, this terminal will
be used in outdoor communication experi-
ments for the onboard signal-switching equip-
ment.  

As a final note, we would like to express
our gratitude to Spectra Co-op for their assis-
tance in the construction of this terminal.
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