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(54) MODULATION SCHEME SWITCHING TYPE COMMUNICATION DEVICE AND MODULATION 
SCHEME SWITCHING METHOD

(57) To adaptively switch a modulation mode accord-
ing to an operation form of quality-priority and capacity-
priority in a multi-value applicable radio device having an
active/standby configuration. The comparison unit 28a
compares a reception monitoring signal c1 of an active
transmission line with a lower-limit threshold LS and an
upper-limit threshold HS, while the comparison unit 28b
compares a reception monitoring signal c2 of a standby
transmission line with the lower-limit threshold and the
upper-limit threshold. Then, they output their respective
results to a determination unit 28c. The determination
unit 28c has therein a low-level flag and a high-level flag
that are set/reset based on comparison results in the
comparison units 28a and 28b. Conditions for the set/
reset are different depending on the operation form. The
determination unit 28c determines a modulation mode
based on comparison results in the comparison units 28a
and 28b and the states of the low-level flags and high-
level flags, and outputs modulation mode switching con-
trol information e1 and e2.
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Description

Technical Field

[0001] The present invention relates to modulation
mode switching, in particular to a modulation mode
switching type communication device and a modulation
mode switching method in a point-to-point radio commu-
nication system in which the radio transmission line has
a redundant configuration of an active system and a
standby system.

Background Art

[0002] An example of a conventional radio transmis-
sion system having a 1+0 configuration, i.e., having no
redundant configuration of an active system and a stand-
by system (which does not relates to inventions that are
disclosed in known publications) is explained hereinafter
with reference to Fig. 10. This system is an example in
which modulation mode change control is possible. How-
ever, since the radio transmission line has no redundan-
cy, no relief can be given against the fading by the switch-
ing between the active and standby transmission lines.
[0003] Fig. 10 shows the reception side of a conven-
tional modulation mode switching type communication
device. An opposed radio communication device has
identical functions and performance, though the illustra-
tion is omitted. An antenna 31 receives one type of radio
frequency and outputs the received radio frequency to a
receiving circuit 32. The receiving circuit 32 extracts a
radio frequency from the received signal a, converts the
extracted radio frequency into an intermediate frequen-
cy, and outputs the IF signal b to a demodulation circuit
33. Further, the receiving circuit 32 detects the reception
level that fluctuates in a fraction of a second due to effects
such as rainfall and fading in an analog fashion, and out-
puts a reception monitoring signal c that is obtained by
performing an A/D (analog/digital) conversion without
performing any other processing including averaging to
a control circuit 35.
[0004] If the reception level is averaged, a delay occurs
before the determination of the modulation mode is com-
pleted. As a result, in a radio system in which continuous
signals are transmitted, fluctuations in the reception level
caused by the effects such as rainfall and fading cannot
be followed without causing delay, and consequently in-
creasing the possibility that bit errors could occur. There-
fore, the averaging of the reception level is not performed.
[0005] The reception monitoring signal c input to the
control circuit 35 is compared with a lower-limit threshold
and an upper-limit threshold. As a result of these com-
parisons, if the reception monitoring signal c is equal to
or lower than the lower-limit threshold, the control circuit
35 changes the modulation multi-valued number to a low
multi-value so that the system gain is led to the increasing
direction. Further, if the reception monitoring signal c is
larger than the upper-limit threshold, it changes the mod-

ulation multi-valued number to a high multi-value so that
the system gain is led to the decreasing direction.
[0006] The instruction for this modulation mode
change is output as modulation mode switching control
information e1 by the control circuit 35 based on the
above-described comparison determination result be-
tween the reception level and the thresholds, and also
transmitted to an opposed station (not shown). In this
way, after the matching of the modulation mode switching
control information e1 between the opposed stations is
confirmed, the modulation mode of the demodulation cir-
cuit 33 of the own station and that of a modulation circuit
(not show) in the transmission-side device 2A are
changed.
[0007] The demodulation circuit 33 reproduces a base-
band signal d by demodulating the IF signal b of the re-
ceiving circuit 32. This baseband signal d is output after
being converted into a bipolar signal, an optical signal,
and/or the like in a baseband signal processing circuit
34. The demodulation is performed in a demodulation
mode corresponding to the modulation mode based on
the above-described modulation mode switching control
information e.
[0008] Further, as a modulation mode switching com-
munication technique of this kind, other techniques are
known in which: the line quality is monitored in the de-
modulation side: the modulation mode control is switched
in synchronization with a frame pulse such that the mod-
ulation multi-valued number is decreased when the line
quality is deteriorated due to the effects such as rainfall
attenuation and fading, whereas the modulation multi-
valued number is increased when the line quality is im-
proved; and by doing so, the opposed modulation and
demodulation are changed to the same modulation mode
so that the signal passage can be realized (for example,
see Patent document 1).
[0009] Further, other techniques are also known in
which, when different frequencies are used between the
upward transmission line and the downward transmis-
sion and thus there is an asymmetry between them as
in the case of the FDD (Frequency Division Duplex) sys-
tem, the state of the transmission line having a broader
transmission band between those transmission lines is
preferentially selected, and the modulation mode is de-
termined according to the state of this transmission line
(for example, see Patent document 2).
[0010]

[Patent Document 1]
Japanese Unexamined Patent Application Publica-
tion No. 2005-223835 (pages 2, and 10 to 12, and
Fig. 1)
[Patent Document 2]
Japanese Patent No. 3898192 (pages 3 and 4, and
Fig. 1)
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Disclosure of Invention

Technical Problem

[0011] Incidentally, point-to-point (P-P) radio commu-
nication systems have been used as backbone transmis-
sion lines, i.e., mainly as backbones of optical commu-
nication channels. Accordingly, they are systems in
which ensuring the transmission quality is the primary
requirement. Therefore, systems in which radio trans-
mission lines have a redundant configuration of the active
and the standby like the FD (Frequency diversity) or SD
(Space diversity) configuration so that even when fading
occurs, relief is given by selecting the transmission line
whose quality has not deteriorated have been provided.
[0012] Further, in radio communication systems in
which continuous data signals are transmitted, when a
bit error occurs, it is immediately regarded as the occur-
rence of the quality deterioration. Therefore, an instan-
taneous response to fading is an essential requirement.
Therefore, the modulation mode switching control in
which reception levels are averaged and determined like
the one used in systems in which packet data is trans-
mitted cannot be adopted. Accordingly, it is necessary
to perform modulation mode control capable of immedi-
ately responding to an instantaneous acquisition result
of a reception level. Further, it is important to relief a bit
error caused by fading by applying such control to redun-
dant configuration systems of radio transmission lines.
[0013]  Meanwhile, as for the data transmitted by P-P
radio systems, the number of cases where IP packet da-
ta, which can be retransmitted, is transmitted rather than
telephone calls in which the priority is given to the imme-
diacy has increased in these days. As described above,
because of the necessity for immediately transmitting a
continuous signal as the backbone of an optical trans-
mission line, the high quality radio transmission is the
primary requirement. However, in P-P radio systems to
transmit IP packet data, there could be certain operation
scenes in which the total transmission capacity should
be secured even if the transmission quality and/or imme-
diacy are sacrificed.
[0014] However, in any of the above-described related
arts, the signal is interrupted while the modulation mode
is being switched. Further, the radio transmission line
does not have redundancy. Therefore, there is a first
problem that if a data signal fluctuates instantaneously
due to fading, the quality deterioration of the continuous
data signals cannot be relieved.
[0015] Further, since the modulation mode is switched
based only on the comparison result between the recep-
tion monitoring signal and the thresholds, there is a sec-
ond problem that they do not take the use of modulation
modes corresponding to various forms of operations
based on customer needs into consideration. That is, as
for customer needs, there are cases where the transmis-
sion capacity should be secured as much as possible in
the total operation time (capacity-priority), and cases

where the modulation mode should be switched such
that the margin for fluctuations in reception level is en-
sured in order to prevent the occurrence of a bit error
even when rainfall and/or fading occur, and quality main-
tenance is thereby serviced (quality-priority). However,
the modulation modes corresponding to these two oper-
ational forms have not been able to be adaptively
switched in the past.
[0016] Therefore, an object of the present invention is
to provide a modulation mode switching type communi-
cation device and a modulation mode switching method
capable of relieving the deterioration of communication
quality due to rainfall and/or fading, adaptively controlling
the switching of the modulation mode, and coping with
operational forms according to diversifying customer’s
needs.

Technical Solution

[0017] An invention in accordance with Claim 1 is a
modulation mode switching method in a point-to-point
radio communication system in which a modulation mode
to be used can be switched among n types of modulation
modes and a radio transmission line has a redundant
configuration of an active system and a standby system,
the modulation mode switching method including: a step
of setting in advance one of a transmission-quality-prior-
ity operational form and a transmission-capacity-priority
operational form; a step of setting in advance (n-1) types
of lower-limit thresholds used for switching to a modula-
tion mode direction of a system gain increasing direction
and (n-1) types of upper-limit thresholds used for switch-
ing to a modulation mode direction of a system gain de-
creasing direction; a step of comparing each of reception
levels of a radio transmission line of the active system
and a radio transmission line of the standby system with
each of the lower-limit thresholds in a different order for
each of the operational forms; a step of comparing each
of reception levels of a radio transmission line of the ac-
tive system and a radio transmission line of the standby
system with each of the upper-limit thresholds in a differ-
ent order for each of the operational forms; and adaptively
controlling switching among the n types of modulation
modes on a switching condition in accordance with pur-
port of the operation form based on a result of each of
the comparisons.
[0018] An invention in accordance with Claim 2 is the
applicable modulation mode switching method recited in
Claim 1, wherein if a reception level of a radio transmis-
sion line exceeds the upper-limit threshold, an upper-limit
threshold exceeding state is maintained to deal with an
active and a standby until the reception revel becomes
equal to or lower than the lower-limit threshold, and in
the transmission-quality-priority, the switching condition
to the modulation mode of a system gain increasing di-
rection is that one of a reception level of a radio trans-
mission line of the active system and a reception level of
a radio transmission line of the standby system becomes
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equal to or lower than the lower-limit threshold, and the
switching condition to the modulation mode of a system
gain decreasing direction is that both of the active recep-
tion level and the standby reception level exceed the up-
per-limit threshold.
[0019] An invention in accordance with Claim 3 is the
applicable modulation mode switching method recited in
Claim 1, wherein if a reception level of a radio transmis-
sion line becomes equal to or lower than an lower-limit
threshold, a lower-limit threshold not-exceeding state is
maintained to deal with an active system and a standby
system until the reception revel exceeds an upper-limit
threshold, and in the transmission-capacity-priority, the
switching condition to the modulation mode of a system
gain increasing direction is that both of a reception level
of a radio transmission line of the active system and a
reception level of a radio transmission line of the standby
system become equal to or lower than the lower-limit
threshold, and the switching condition to the modulation
mode of a system gain decreasing direction is that one
of the active reception level and the standby reception
level exceeds the upper-limit threshold.
[0020] An invention in accordance with Claim 4 is the
modulation mode switching method recited in any one of
in Claims 1 to 3, wherein, in the comparison step, a com-
parison by the upper-limit comparison unit is followed by
a comparison by the lower-limit comparison unit in a case
of the transmission-quality-priority, whereas a compari-
son by the lower-limit comparison unit is followed by a
comparison by the upper-limit comparison unit in a case
of the transmission-capacity-priority.
[0021] An invention in accordance with Claim 5 is the
modulation mode switching method recited in any one of
in Claims 1. to 4, wherein the modulation mode of a sys-
tem gain increasing direction is QPSK, and the modula-
tion mode of a system gain decreasing direction is QAM.
[0022] An invention in accordance with Claim 6 is the
modulation mode switching method recited in any one of
in Claims 1 to 4, wherein the redundant configuration is
a FD (Frequency diversity) configuration.
[0023] An invention in accordance with Claim 7 is a
modulation mode switching type communication device
in a point-to-point radio communication system in which
a modulation mode to be used can be switched among
n types of modulation modes and a radio transmission
line has a redundant configuration of an active system
and a standby system, the modulation mode switching
type communication device including: a setting unit in
which one of a transmission-quality-priority operational
form and a transmission-capacity-priority operational
form, and (n-1) types of lower-limit thresholds used for
switching to a modulation mode direction of a system
gain increasing direction and (n-1) types of upper-limit
thresholds used for switching to a modulation mode di-
rection of a system gain decreasing direction are set in
advance; a lower-limit comparison unit that compares
each of reception levels of a radio transmission line of
the active system and a radio transmission line of the

standby system with each of the lower-limit thresholds in
a different order for each of the operational forms; a up-
per-limit comparison unit that compares each of recep-
tion levels of a radio transmission line of the active system
and a radio transmission line of the standby system with
each of the upper-limit thresholds in a different order for
each of the operational forms; and a determination unit
that adaptively controls switching among the n types of
modulation modes on a switching condition in accord-
ance with purport of the operation form based on a result
of each of the comparisons.
[0024] An invention in accordance with Claim 8 is the
modulation mode switching type communication device
recited in Claim 7, wherein the comparison unit includes
a high-level flag to deal with an active system and a stand-
by system, the high-level flag being set when a reception
level of a radio transmission line exceeds the upper-limit
threshold, and being reset when the reception level be-
comes equal to or lower than the lower-limit threshold,
and in a case of the transmission-quality-priority, the
switching condition to the modulation mode of a system
gain increasing direction is that one of a reception level
of a radio transmission line of the active system and a
reception level of a radio transmission line of the standby
system becomes equal to or lower than the lower-limit
threshold; the switching condition to the modulation
mode of a system gain decreasing direction is that a re-
ception level of a radio transmission line of the active
system (standby system) exceeds the upper-limit thresh-
old and a high-level flag corresponding to the standby
system (active system) is being set; and a current mod-
ulation mode is maintained in other cases.
[0025] An invention in accordance with Claim 9 is the
modulation mode switching type communication device
recited in Claim 7, wherein the comparison unit includes
a low-level flag to deal with an active system and a stand-
by system, the low-level flag being set when a reception
level of the radio transmission line becomes equal to or
lower than the lower-limit threshold, and being reset
when the reception level exceeds the upper-limit thresh-
old, and in a case of the transmission-capacity-priority,
the switching condition to the modulation mode of a sys-
tem gain decreasing direction is that one of a reception
level of a radio transmission line of the active system and
a reception level of a radio transmission line of the stand-
by system exceeds the upper-limit threshold; the switch-
ing condition to the modulation mode of a system gain
increasing direction is that a reception level of a radio
transmission line of the active system (standby system)
is equal to or lower than the lower-limit threshold and a
low-level flag corresponding to the standby system (ac-
tive system) is being set; and a current modulation mode
is maintained in other cases.
[0026] An invention in accordance with Claim 10 is the
modulation mode switching type communication device
recited in any one of Claims 7 to 9, wherein, in the com-
parison step, the comparison unit performs a comparison
by the upper-limit comparison unit first and then a com-
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parison by the lower-limit comparison unit in a case of
the transmission-quality-priority, whereas the compari-
son unit performs a comparison by the lower-limit com-
parison unit first and then a comparison by the upper-
limit comparison unit in a case of the transmission-ca-
pacity-priority.
[0027] An invention in accordance with any one of
Claim 11 is the modulation mode switching type commu-
nication device recited in any one of Claims 7 to 10,
wherein the modulation mode of a system gain increasing
direction is QPSK, and the modulation mode of a system
gain decreasing direction is QAM.
[0028] An invention in accordance with Claim 12 is the
modulation mode switching type communication device
recited in any one of Claims 7 to 10. wherein the redun-
dant configuration is a FD (Frequency diversity) config-
uration.
[0029] An invention in accordance with Claim 13 is a
modulation mode switching program recording medium
in a point-to-point radio communication system in which
a modulation mode to be used can be switched between
QPSK and QAM and a radio transmission line has a re-
dundant configuration of an active system and a standby
system, wherein if the point-to-point radio communica-
tion system is in a transmission-quality-priority state, the
modulation mode switching program including: a first
step of comparing a reception level of the radio transmis-
sion line with an upper-limit threshold used for switching
to a modulation mode direction of a system gain decreas-
ing direction for each of the active system and standby
system; a second step of, if the reception level is equal
to or lower than an upper-limit threshold in the first step,
comparing a reception level of the radio transmission line
with a lower-limit threshold used for switching to a mod-
ulation mode direction of a system gain increasing direc-
tion for each of the active system and standby system;
a third step of, if the reception level is equal to or lower
than the lower-licit threshold in at least one of the active
system and standby system in the second step, setting
a low flag and resetting a high flag for each of the active
system and standby system to change the modulation
mode to QPSK; a fourth step of, if the reception level
exceeds an upper-limit threshold in the first step, reset-
ting a low flag and setting a high flag for each of the active
system and standby system; and a fifth step of, if a high
flag of the active and a high flag of the standby are set,
changing the modulation mode to QAM.
[0030] An invention in accordance with Claim 14 is a
modulation mode switching program recording medium
in a point-to-point radio communication system in which
a modulation mode to be used can be switched between
QAM and QPSK and a radio transmission line has a re-
dundant configuration of an active system and a standby
system, wherein if the point-to-point radio communica-
tion system is in a transmission-capacity-priority state,
the modulation mode switching program including: a first
step of comparing a reception level of a radio transmis-
sion line with a lower-limit threshold used for switching

to a modulation mode direction of a system gain increas-
ing direction for each of the active system and standby
system; a second step of, if the reception level exceeds
a lower-limit threshold in the first step, comparing a re-
ception level of a radio transmission line with an upper-
limit threshold used for switching to a modulation mode
direction of a system gain decreasing direction for each
of the active system and standby system; a third step of,
if the reception level exceeds the upper-limit threshold in
at least one of the active system and standby system in
the second step, resetting a low flag and setting a high
flag for each of the active system and standby system to
change the modulation mode to QAM; a fourth step of,
if the reception level is equal to or lower than a lower-
limit threshold in the first step, setting a low flag and re-
setting a high flag for each of the active system and stand-
by system; and a fifth step of, if a low flag of the active
system and a low flag of the standby system are set,
changing the modulation mode to QPSK.

Advantageous Effects

[0031] An advantageous effect of the present invention
is that it is possible to provide a modulation mode switch-
ing type communication device and a modulation mode
switching method capable of relieving the deterioration
of communication quality due to rainfall and/or fading,
adaptively controlling the switching of the modulation
mode, and coping with operational forms according to
diversifying customer’s needs.
[0032] A first reason for this is that the present inven-
tion has such a configuration that in a case where the
modulation mode is switched among n types of modula-
tion modes having different system gains, (n-1) lower-
limit thresholds used to lower the modulation multi-valued
number (to ensure the quality by increasing the system
gain) and (n-1) upper-limit thresholds used to raise the
modulation multi-valued number (to ensure the capacity
by decreasing the system gain) are prepared and each
of the thresholds is compared with the reception level of
both the active and standby systems to determine the
modulation mode switching. Further, a second reason
for this is that two types of modulation mode switching
conditions that are determined according to the quality-
priority and the capacity-priority and thus capable of cop-
ing with the operational form of a customer can be pro-
vided.
[0033] That is, when the operation is implemented in
the quality-priority, when the reception level of at least
one of the active system and the standby system be-
comes equal to or lower than the lower-limit threshold,
control is performed so that the degree of modulation is
lowered, whereas only when the reception level of both
the active and standby systems becomes larger than the
upper-limit threshold, control is performed so that the de-
gree of modulation is raised. Further, the current degree
of the modulation is maintained while neither of the
above-described phenomena occurs, so that the opera-
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tion is implemented in the low-multi-value modulation
mode as long as possible. As a result of this, fluctuation
margin for reception level can be ensured.
[0034] On the other hand, when the operation is im-
plemented in the capacity-priority, only when the recep-
tion level of both of the active system and the standby
system becomes equal to or lower than the lower-limit
threshold, control is performed so that the degree of mod-
ulation is lowered, whereas when the reception level of
at least one of the active and standby systems exceeds
the upper-limit threshold, control is performed so that the
degree of modulation is raised. Farther, the current de-
gree of the modulation is maintained while neither of the
above-described phenomena occurs, so that the opera-
tion is implemented in the high-multi-value modulation
mode as long as possible. As a result of this, the total
transmission capacity during the operation is maximized.

Brief Description of Drawings

[0035]

Fig. 1 is a block diagram showing an exemplary em-
bodiment in accordance with a modulation mode
switching type communication device according to
the present invention;
Fig. 2 is a block diagram illustrating details of a mod-
ulation circuit in accordance with the present inven-
tion;
Fig. 3 is a block diagram illustrating details of a de-
modulation circuit in accordance with the present in-
vention;
Fig. 4 is a block diagram illustrating details of a con-
trol circuit in accordance with the present invention;
Fig. 5 is a waveform chart for explaining details of
modulation mode switching in accordance with the
present invention;
Fig. 6 is a flowchart for explaining a modulation mode
switching operation in accordance with the present
invention;
Fig. 7 is a flowchart of modulation mode switching
in a case of quality-priority;
Fig. 8 is a flowchart of modulation mode switching
in a case of capacity-priority;
Fig. 9 is a block diagram showing another example
of a modulation mode switching type communication
device in accordance with the present invention; and
Fig. 10 is a block diagram showing an example of a
conventional modulation mode switching type com-
munication device having a 1+0 configuration.

Explanation of Reference

[0036]

11, 21, 31 ANTENNA
12, 13 TRANSMITTING CIRCUIT
14, 15 MODULATION CIRCUIT

16 TRANSMISSION DISTRIBUTION CIR-
CUIT

17, 27, 34 BASEBAND SIGNAL PROCESSING CIR-
CUIT

22, 23, 32 RECEIVING CIRCUIT
24, 25, 33 DEMODULATION CIRCUIT
26 RECEPTION SWITCHING CIRCUIT
28, 35 CONTROL CIRCUIT
29 SENSOR CIRCUIT

Best Mode for Carrying Out the Invention

[0037] A modulation mode switching method, which is
considered to be a best mode for carrying out the present
invention, adopts a FD system configuration in which the
radio transmission line is doubled with two types of radio
frequencies composed of an active system and a standby
system. One of the frequencies is allocated for the active
system and the other frequency is allocated for the stand-
by system. Radios waves having two types of radio fre-
quencies involve mutually different reception-level fluc-
tuations at different timings due to fading. Therefor, by
configuring the radio transmission line with redundancy,
it is possible to select a received signal of the side where
no fading is occurring and thereby to avoid the occur-
rence of a bit error in a bipolar signal and/or an optical
signal output from the radio device.
[0038]  Further, as for customer needs, there are the
quality-priority in telephone calls and the like in which the
quality maintenance is desired to be serviced such that
the occurrence of a bit error is prevented as much as
possible even when rainfall and/or fading occurs, and the
capacity-priority in IP packet data transmission and the
like in which the transmission capacity is desired to be
secured as much as possible in the total operation time.
These customer needs can be also coped with by the
present invention. Therefore, two types of thresholds in-
cluding a lower limit and an upper limit for the reception
level are set and used to realize switching control be-
tween a modulation mode suitable for the quality-priority
and a modulation mode suitable for the capacity-priority.
[0039] That is, the reception level of a reception electric
field of the active system and the reception level of a
reception electric field of the standby system are moni-
tored. Then, in the case of the quality-priority, when one
of the reception levels of the reception electric fields of
the active and standby systems is equal to or lower than
the lower-limit threshold, the modulation mode is
switched to the one for increasing the system gain,
whereas when both of the reception levels of the recep-
tion electric fields of the active and standby systems ex-
ceed the upper-limit threshold, the modulation mode is
switched to the one for decreasing the system gain. Note
that "the system gain" means the ratio between the trans-
mission level and the reception level that is used to en-
able the signal passage by maintaining the data quality
with respect to a certain transmission line level loss dur-
ing radio transmission.
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[0040] Further, in the case of the capacity-priority,
when one of the reception levels of the reception electric
fields of the active and standby systems exceeds the
upper-limit threshold, the modulation mode is switched
to the one with which the system gain decreases but the
transmission capacity increases, whereas when both of
the reception levels of the reception electric fields of the
active and standby systems are equal to or lower than
the lower-limit threshold, the modulation mode is
switched to the one with which the system gain increases
but the transmission capacity decreases.
[0041] As for the modulation mode of P-P radio sys-
tems, QPSK and QAM have been known. As is commonly
known, QPSK is a modulation mode in which an input
signal is converted into four signal points, while QAM
converts an input signal into signal points of 16, 32, 64,
128, or the like. The larger the number of points is, the
larger amount of information can be transmitted simulta-
neously. That is, the data transmission capacity becomes
larger. However, since the interval between points be-
come narrower and thus the range of permissible error
at the time of demodulation and discrimination becomes
narrower, the tolerance to noise and distortion becomes
smaller and the communication quality thereby deterio-
rates. On the other hand, when the number of points is
small, the point discrimination becomes easier and the
tolerance to noise and distortion becomes larger. How-
ever, the data transmission capacity becomes smaller.
[0042] Therefore, it means the modulation mode suit-
able for the quality-priority is QPSK and the modulation
mode suitable for the capacity-priority is QAM. Accord-
ingly, when the operation is implemented with the quality-
priority, the modulation mode is switched so that the op-
erating time in accordance with QPSK is made longer as
much as possible, whereas when the operation is imple-
mented with the capacity-priority, the modulation mode
is switched so that the operating time in accordance with
QAM, which has a higher multi-value, is made longer as
much as possible.

[Explanation of configuration]

[0043] Exemplary embodiments in accordance with
the present invention are explained hereinafter in detail
with reference to the drawings. In the drawings, when
the same numeral signs are used, they indicate the same
functions or structures.
[0044] Fig. 1 is a block diagram showing an exemplary
embodiment in accordance with a modulation mode
switching type communication device according to the
present invention. This radio communication system has
a FD system configuration in which a radio transmission
line is doubled with two types of radio frequencies f1 and
f2 of an active system and a standby system, and is com-
posed of a radio communication device 10 on the trans-
mission side and a radio communication device 20 on
the reception side. The radio communication device 10
and the radio communication device 20 have the same

configuration and the same function. Note that the illus-
tration of the details of a reception-side device 1A in the
radio communication device 10 and a transmission-side
device 2A in the radio communication device 20 is omit-
ted in the figure to avoid the complexity of the drawing.
The reception-side device 1A is similar to the part of the
radio communication device 20 other than the transmis-
sion-side device 2A, and the transmission-side device
2A is similar to the part of the radio communication device
10 other than the reception-side device 1A.
[0045] The radio communication device 10 is com-
posed of a baseband signal processing circuit 17, a trans-
mission distribution circuit 16, two modulation circuit 14
and 15, two transmitting circuits 12 and 13, and an an-
tenna 11. The modulation circuit 14 and the transmitting
circuit 12 constitute an active system, and the modulation
circuit 15 and the transmitting circuit 13 constitute a
standby system.
[0046] The baseband signal processing circuit 17 has
a function of conversing a bipolar signal and/or an optical
signal that is externally input to the radio communication
device 10 into a baseband signal expressed as a binary
signal ("0" or "1"). The transmission distribution circuit 16
distributes a baseband signal to the active and standby
systems. Each of the modulation circuits 14 and 15 con-
verts a baseband signal into an intermediate-frequency
signal (IF signal). The transmitting circuit 12 converts an
IF signal into a radio signal f1 in a first radio frequency
band, and the transmitting circuit 13 converts an IF signal
into a radio signal f2 in a second radio frequency band.
The antenna 11 transmits the radio signals f1 and f2, and
receives radio signals (f3 and f4) from the transmission-
side device 2A of the opposed radio communication de-
vice 20.
[0047] As shown in detail in Fig. 2, the modulation cir-
cuit 14 includes a multiplex unit 14a and a modulation
unit 14b. The multiplex unit 14a multiplexes the baseband
signal of a main signal input from the transmission dis-
tribution circuit 16 and modulation mode switching control
information e1 supplied from the reception-side device
1A, and the modulation unit 14b converts the multiplexed
signal into an intermediate-frequency signal by modulat-
ing it in the current modulation mode (modulation mode
before the modulation mode switching). By multiplexing
the baseband signal and the modulation mode switching
control information e1, the modulation mode switching
control information e1 can be transmitted to the opposed
device. Needless to say, there is also a modulation circuit
like the modulation circuit 14 in the transmission-side de-
vice 2A.
[0048] The radio communication device 20 is com-
posed of an antenna 21, two receiving circuit 22 and 23,
two demodulation circuits 24 and 25, a reception switch-
ing circuit 26, a baseband signal processing circuit 27, a
control circuit 28, and a transmission-side device 2A. The
receiving circuit 22 and the demodulation circuit 24 con-
stitute an active system, and the receiving circuit 23 and
the demodulation circuit 25 constitute a standby system.
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[0049] The antenna 21 receives a reception signal a,
in which is the radio signal f1 of the active system and
the radio signal f2 of the standby system are combined,
and outputs the reception signal a to the receiving circuit
22 and 23. The receiving circuit 22 extracts the radio
signal f1 of the active system from the reception signal
a, converts the radio signal f1 into an intermediate fre-
quency (IF signal) b1, and outputs the intermediate fre-
quency b1 to the demodulation circuit 24. Meanwhile, the
receiving circuit 23 extracts the radio signal f2 of the
standby systems from the reception signal a, converts
the radio signal f2 into an intermediate frequency (IF sig-
nal) b2, and outputs the intermediate frequency b2 to the
demodulation circuit 25.
[0050] Further, the receiving circuit 22 detects the re-
ception level of the reception signal a, which instantane-
ously fluctuates, in an analog fashion, and outputs a re-
ception monitoring signal c1, which is obtained by per-
forming an A/D (analog/digital) conversion without per-
forming any additional processing, to the control circuit
28. Meanwhile, the receiving circuit 23 detects the recep-
tion level of the reception signal a, which instantaneously
fluctuates, in an analog fashion, and outputs a reception
monitoring signal c2, which is obtained by performing an
A/D (analog/digital) conversion without performing any
additional processing, to the control circuit 28
[0051] The reception level, which is detected in an an-
alog fashion, is never averaged. If the reception level is
averaged, a delay occurs before the determination of the
modulation mode is completed. As a result, in a radio
system in which continuous signals are transmitted, fluc-
tuations in the reception level caused by the effects such
as rainfall and fading cannot be followed without causing
delay, and consequently increasing the possibility that
bit errors could occur.
[0052] The demodulation circuit 24 demodulates the
IF signal b1 of the receiving circuit 22 to reproduce a
baseband signal d1 and outputs the baseband signal d1
to the reception switching circuit 26. Meanwhile, the de-
modulation circuit 25 demodulates the IF signal b2 of the
receiving circuit 23 to reproduce a baseband signal d2
and outputs the baseband signal d2 to the reception
switching circuit 26.
[0053] The reception switching circuit 26, which is
equipped with a memory function that is used to relieve
arrival time fluctuations of data signals supplied from the
active and standby systems, selects one of the baseband
signals d1 and d2 of the active and standby systems that
is not affected by fading without causing any instantane-
ous interruption, and outputs the selected baseband sig-
nal to the baseband signal processing circuit 27. The
baseband signal processing circuit 27 converts the base-
band signal into a bipolar signal, an optical signal, and/or
the like, and externally outputs the converted signal.
[0054] The control circuit 28 has therein two thresholds
(lower-limit threshold LS and upper-limit threshold HS)
for switching control, based on which the switching be-
tween two types of modulation modes is performed ac-

cording to modulation mode switching condition suitable
for the quality-priority and a modulation mode switching
condition suitable for the capacity-priority. Further, prior
to the operation, a user sets one of the operation forms
of the quality-priority and the capacity-priority in the radio
communication device 20 by using a switch or the like,
and the control circuit 28 can recognizes the set operation
form.
[0055] As shown in detail in Fig. 3, the demodulation
circuit 24 includes a separation unit 24a and a demodu-
lation unit 24b. The demodulation unit 24b demodulates
an IF signal b1 in a modulation mode based on modula-
tion mode control information e2 supplied from the control
circuit 28 to reproduce a baseband signal and outputs
the baseband signal to the separation unit 24a. The sep-
aration unit 24a separates modulation mode information
g1 from the baseband signal input from the demodulation
unit 24b and outputs the modulation mode information
g1 to the control circuit 28. Further, the separation unit
24a reproduces a baseband signal d1 of the main signal,
which was obtained by separating the modulation mode
information g1 from the input baseband signal, and out-
puts the baseband signal d1 to the reception switching
circuit 26. Needless to say, there is also a demodulation
circuit like the demodulation circuit 24 in the reception-
side device 1A.
[0056] As shown in detail in Fig. 4, the control circuit
28 includes two comparison units 28a and 28b, a deter-
mination unit 28c, and a setting unit 28d. Needless to
say, there is also a control circuit like the control circuit
28 in the reception-side device 1A. The setting unit 28d
refers to the operation form that is preferentially set, and
outputs it to the comparison units 28a and 28b. Further,
the setting unit 28d also outputs the lower-limit threshold
LS and upper-limit threshold HS that are set in advance
to the comparison units 28a and 28b. Each of the com-
parison units 28a and 28b is composed of an upper-limit
comparison unit that compares its upper-limit threshold
HS with a reception monitoring signal, and a lower-limit
comparison unit that compares its lower-limit threshold
LS with the reception monitoring signal.
[0057] The comparison unit 28a compares a reception
monitoring signal c1 supplied from the receiving circuit
22 with the lower-limit threshold LS and with the upper-
limit threshold HS and outputs its result to the determi-
nation unit 28c. Meanwhile, the comparison unit 28b
compares a reception monitoring signal c2 supplied from
the receiving circuit 23 with the lower-limit threshold LS
and with the upper-limit threshold HS and outputs its re-
sult to the determination unit 28c. As described later, the
procedure of these comparisons is changed depending
on the operation form.
[0058] The determination unit 28c has therein low-lev-
el flags L1 and L2 and high-level flags H1 and H2 to deal
with the active and standby systems. The low-level flags
L1 and L2 and high-level flags H1 and H2 are set/reset
based on comparison results in the comparison units 28a
and 28b. The conditions for the set/reset are different
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depending on the operation form. The determination unit
28c determines the modulation mode based on the com-
parison results in the comparison units 28a and 28b and
the states of the low-level flags L1 and L2 and high-level
flags H1 and H2, and outputs modulation mode switching
control information e1 and e2.
[0059] The logic of the modulation mode determination
is different depending on the operation form. The mod-
ulation mode switching control information e1 is sent to
the radio communication device 10 through the transmis-
sion-side device 2A and used for the switching of the
modulation mode. After the switching of the modulation
mode in the radio communication device 10 is confirmed,
the modulation mode switching control information e2 is
sent to the modulation circuits 14 and 15 and the demod-
ulation circuits 24 and 25 and used for the switching of
the modulation mode in the radio communication device
20. The switching of the modulation mode in the radio
communication device 10 can be confirmed in the radio
communication device 20 by the occurrence of signal
interruption that is caused by the difference of modulation
modes between the radio communication device 10 and
the radio communication device 20.
[0060] In the transmission-side device 2A, as de-
scribed above, the modulation mode switching control
information e1 is multiplexed into the main signal in the
multiplex unit 14a of the modulation circuit (correspond-
ing to Fig. 2). In the reception-side device 1A, when this
signal is received through the antenna 11, the modulation
mode information g1 is extracted and separated in the
separation unit 24a of the demodulation circuit (corre-
sponding to Fig. 3) of the reception-side device 1A and
sent to the determination unit 28c of the control circuit
(corresponding to Fig. 4) as described above. The mod-
ulation mode information g1 is modulation mode switch-
ing control information e1 that is multiplexed in the op-
posed device.
[0061] In the determination unit 28c, the modulation
mode information g1 is input from the demodulation cir-
cuit 24 and modulation mode information g2 is input from
the demodulation circuit 25. The modulation mode infor-
mation g1 and g2 is based on information transmitted
from the opposed radio communication device. Further,
if the opposed radio communication device has the initi-
ative in determining the modulation mode, the determi-
nation unit 28c determines the modulation mode accord-
ing to the initiative of the opposed radio communication
device. Assume that the radio communication device 20
has the initiative in the following explanation.

[Details of modulation mode switching]

[0062] Next, details of the modulation mode switching
performed based on the difference between the quality-
priority and capacity-priority operation forms are ex-
plained with reference to Fig. 5. Fig. 5 shows an active
system reception electric field (solid line) and a standby
system reception electric field (dotted line) when different

reception level fluctuations occur in the radio transmis-
sion lines of the active system and the standby system
in a FD system. The horizontal axis represents time, and
the vertical axis represents the reception level of respec-
tive reception electric fields. The modulation mode
switching is performed by changing the degree of mod-
ulation. Further, an example in which two-step switching
control of QPSK and QAM is performed is shown. The
lower-limit threshold LS is a QPSK change threshold,
and the upper-limit threshold HS is a QAM change thresh-
old. In this case, the switching from QPSK to QAM is
switching to a direction for decreasing the system gain,
and the switching from QAM to QPSK is switching to a
direction for increasing the system gain.
[0063] When the quality-priority operation is imple-
mented, if either one of the reception level of the reception
monitoring signal c1 of the active system and the recep-
tion level of the reception monitoring signal c2 of the
standby system becomes equal to or lower than the low-
er-limit threshold LS (QPSK change threshold) (timing t0
in Fig. 5, condition 1), control is performed so that the
degree of modulation is lowered to QPSK. Further, if both
of the reception levels of the reception monitoring signal
c1 of the active system and the reception monitoring sig-
nal c2 of the standby system exceed the upper-limit
threshold HS (QAM change threshold) (timing t7 in Fig.
5, condition 2), control is performed so that the degree
of modulation is raised to QAM. The current degree of
modulation is maintained until the condition 2 is satisfied
even if the reception level goes out of the condition 1, or
until the condition 1 is satisfied even if the reception level
goes out of the condition 2. In this way, the system margin
is secured.
[0064] With this control method, since the operating
time in QPSK in which the degree of modulation is low
(system gain is high, and tolerance to C/N (Carrier/Noise)
ratio is high) can be made longer, the possibility that the
quality deteriorates due to the decrease in the reception
level caused by effects such as rainfall and/or fading can
be reduced in comparison to the QAM operation. There-
fore, effective setting for the operation form in which the
quality maintenance is essential can be realized. Al-
though there is a time period between timings t0 and t3
during which the reception level of the reception moni-
toring signal c1 or the reception level of the standby re-
ception monitoring signal c2 rises and exceeds the up-
per-limit threshold HS, the QPSK operation is maintained
as indicated by the bar line at the bottom of Fig. 5 because
the condition 2 is never satisfied.
[0065] However, the condition 2 is satisfied at the tim-
ing t3 and the operation is thereby switched to the oper-
ation in QAM. This is because the reception level of the
reception monitoring signal c2 exceeds the upper-limit
threshold HS, and the reception monitoring signal c1
once exceeded the upper-limit threshold HS at the timing
t2 and the exceeding state is retained until the timing t4.
At the timing t4, the reception monitoring signal c1 be-
comes equal to or lower than the lower-limit threshold
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LS, the operation performed in QPSK again. The timing
t4 to the timing t7 should be interpreted in a similar man-
ner.
[0066] When the capacity-priority operation is imple-
mented, if both of the reception level of the reception
monitoring signal c1 of the active system and the recep-
tion level of the reception monitoring signal c2 of the
standby system become equal to or lower than the lower-
limit threshold LS (QAM change threshold) (timings t1
and t5 in Fig. 5, condition 3), control is performed so that
the degree of modulation is lowered to QPSK. Further,
if either one of the reception levels of the reception mon-
itoring signal c1 of the active system and the reception
monitoring signal c2 of the standby system exceeds the
upper-limit threshold HS (QAM change threshold) (tim-
ings t2 and t6 in Fig. 5, condition 4), control is performed
so that the degree of modulation is raised to QAM. The
current degree of modulation is maintained until the con-
dition 4 is satisfied even if the reception level goes out
of the condition 3, or until the condition 3 is satisfied even
if the reception level goes out of the condition 4.
[0067] With this control method, since the operating
time in QAM in which the degree of modulation is high
can be made longer, transmission of a larger amount of
data capacity can become possible. Although there are
time periods between timings t1 and t2 and between tim-
ings t5 and t6 during which the reception level of the
reception monitoring signal c1 or the reception level of
the standby reception monitoring signal c2 rises and goes
out of the condition 3, the QPSK operation is maintained
as indicated by the bar line at the bottom of Fig. 5 because
the condition 4 is never satisfied. Further, although there
is a time period between timings t2 and t5 during which
the reception level of the reception monitoring signal c1
or the reception level of the standby reception monitoring
signal c2 falls and goes out of the condition 4, the QAM
operation is maintained as indicated by the bar line at
the bottom of Fig. 5 because the condition 3 is never
satisfied.
[0068] Note that even in the 1+1 I configuration as de-
scribed above, if the radio transmission line does not
have a redundancy configuration due to a power-supply
stop state or the like, the switching condition for the 1+0
configuration is applied. That is, whether the operation
is implemented in the quality-priority or the capacity-pri-
ority, if the reception level becomes equal to or lower
than the lower-limit threshold LS (condition 1 = condition
3), control is performed so that the degree of modulation
is lowered to QPSK, whereas if the reception level ex-
ceeds the upper-limit threshold HS (condition 2 = condi-
tion 4), control is performed so that the degree of mod-
ulation is raised to QAM. The logic for maintaining the
degree of modulation is the same as that described
above. If described in terms of the reception level of the
reception monitoring signal c1, control is performed so
that the degree of modulation is raised during the timing
t0 to t2 and t4 to t6 and the degree of modulation is low-
ered during the timing t2 to t4 and the timing t6 and sub-

sequent timing.
[0069] Note that there are two possible sequences in-
cluding a collective switching sequence and a successive
switching sequence as the modulation mode switching
control procedure. In the collective switching sequence,
the modulation modes of the modulation circuit and the
demodulation circuit of the active system and the mod-
ulation circuit and the demodulation circuit of the standby
system are switched in synchronization with each other
based on the modulation mode switching control signal e.
[0070] In the successive switching sequence, the mod-
ulation mode switching of the active system and the mod-
ulation mode switching of the standby system are per-
formed in sequence. In this case, the control circuit 28
confirms the switching state of the reception switching
circuit 26 and switches the modulation mode of the sys-
tem that is not selected by the reception switching circuit
26, e.g., the standby system before the other system.
Then, after the control circuit 28 confirms the completion
of that modulation mode change, the control circuit 28
causes the reception switching circuit 26 to switch the
operation from the active system to the standby system
and, after that, controls the switching of the modulation
mode of the previous active system. An advantage of this
sequence control is that the signal interruption time,
which would otherwise continue until the modulation
modes of the opposed modulation circuit and demodu-
lation circuit match with each other, can be avoided by
performing the switching control to the standby system.
However, since it requires the sequence processing time,
the response characteristic to sudden changes due to
rainfall and/or fading deteriorates.

[Explanation of operation]

[0071] A modulation mode switching operation of the
modulation mode switching type communication device
having the configuration described above is explained
with reference to flowcharts shown in Figs. 6 to 8. Fig. 6
shows an overall modulation mode switching operation.
Now, assume that a radio communication device 20 (own
station) in Fig. 1 receives a transmission signal from a
radio communication device 10 (opposed station)
through antenna 11 and 21.
[0072] When the receiving circuits 22 and 23 acquire
instantaneous values of the reception revels of the active
and standby systems (step S1 in Fig. 6), they send the
acquired reception level information (reception monitor-
ing signals c1 and c2) to the control circuit 28 (step S2).
The control circuit 28 compares the reception monitoring
signals c1 and c2 with a lower-limit threshold LS and an
upper-limit threshold HS that are set in advance (step
S3), and makes a decision on the modulation mode
switching based on the conditions 1 to 4 (step S4).
[0073] If modulation mode switching is to be per-
formed, the transmission-side device 2A multiplexes
modulation mode switching control information e into the
main signal as switching request information, and wire-
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lessly transmits the multiplexed signal to the opposed
station (step S5). The switching control of the modulation
mode is performed while the information is transmitted
under a signal passage state between the opposed sta-
tions that are forming a radio transmission line. This is
because if the modulation modes do not match between
the opposed stations, any signal cannot be passed ther-
ebetween.
[0074]  In the opposed station, when the reception-side
device 1A receives the modulation mode switching con-
trol information e, which has been wirelessly transmitted,
the modulation mode of the modulation circuits 14 and
15 and the demodulation circuit (not shown) included in
the reception-side device 1A is switched in response to
the request (step S6). From this moment, since the mod-
ulation modes of the own station and the opposed station
do not match with each other, synchronization cannot be
established between the opposed stations, thus causing
signal interruption.
[0075] In the own station, the fact that the opposed
station has changed the modulation mode is confirmed
by the asynchronous state (signal interruption) (step S7),
and the modulation mode of the demodulation circuits 24
and 25 and the modulation circuit included in the trans-
mission-side device 2A is switched (step S8). If the
change control is properly completed, reception signal
synchronization is established in the demodulation cir-
cuits 24 and 25 with the modulation mode that is adopted
after the switching (step S9). Therefore, the modulation
mode switching control is completed and signals can be
passed between the opposed devices.
[0076] In contrast to this, if the synchronization of a
reception signal cannot be established within a predeter-
mined time that is counted by the control circuit of each
of the opposed stations (step S9), it means that the
switching control is not properly completed. Therefore,
the modulation circuit and the demodulation circuit of the
control circuit of each of the opposed station and the own
station are restored to the modulation mode that is used
before the switching by themselves. For example, after
control is performed so that the modulation mode is
switched from QAM to QPSK, if the signal passage (syn-
chronization establishment) cannot be accomplished af-
ter a predetermined time has elapsed, the modulation
mode of both the own station and opposed station are
returned to QPSK by themselves. The predetermined
time is a time that is established between the opposed
stations, and counted by a timer possessed by the control
circuit 28 in both the transmission side and reception side.
This counting starts at the moment when the modulation
mode is switched.
[0077] Next, details of the steps S3 and S4 in Fig. 6
are explained with reference to Figs. 7 and 8. Fig. 7 cor-
responds to an operation form of the quality-priority and
Fig. 8 corresponds to an operation form of the capacity-
priority. The operation form is set in advance in the control
circuit 28 according to customer’s needs.
[0078]  In Fig. 7, in the case of the quality-priority, the

reception monitoring signal c1 of the active system is
compared with the upper-limit threshold HS (step T1 in
Fig. 7). As a result of the comparison, if the value of c1
is equal to or lower than the upper-limit threshold HS (N
at step T11), the reception monitoring signal c1 is also
compared with the lower-limit threshold LS (step T12 in
Fig. 7). As a result, if the value of c1 is equal to or lower
than the lower-limit threshold LS (N at step T12), the low-
level flag L1 of the active system is set and the high-level
flag H1 of the active system is reset (step T13). Further,
since the condition 1 is satisfied, an instruction to change
the modulation multi-valued number to a low multi-value
is issued (step T14). However, if the value of c1 exceeds
the lower-limit threshold LS (Y at step T12), the process
returns to the step T11.
[0079] With regard to the reception monitoring signal
c2 of the standby system, processing similar to the
above-described processing of the reception monitoring
signal c1 of the active system is performed (steps T21
to T24). In the step T23, the low-level flag L2 of the stand-
by system is set and the high-level flag H2 of the active
system is reset (step T23). Further, since the condition
1 is satisfied, an instruction to change the modulation
multi-valued number to a low multi-value is issued (step
T24).
[0080] In the step T11 of the active system, if the value
of c1 is higher than the upper-limit threshold HS (Y at
step T11), the low-level flag L1 of the active system is
reset and the high-level flag H1 of the active system is
set (step T15). At this point, if the high-level flag H2 of
the standby system is being set (Y at step T16), the con-
dition 2 is satisfied and therefore an instruction to change
the modulation multi-valued number to a high multi-value
is issued (step T17). On the other hand, if the high-level
flag H2 of the standby system is not being set (N at step
T16), the process returns to the step T11.
[0081] With regard to the reception monitoring signal
c2 of the standby system, processing similar to the
above-described processing of the reception monitoring
signal c1 of the active system is performed (steps T25
to T27). In the step T26, if the high-level flag H1 of the
active system is being set (Y at step T26), the condition
2 is satisfied and therefore an instruction to change the
modulation multi-valued number to a high multi-value is
issued (step T27). On the other hand, if the high-level
flag H1 of the active system is not being set (N at step
T26), the process returns to the step T21.
[0082]  In Fig. 7, the processes are illustrated, for sim-
plifying the illustration, as if they are performed simulta-
neously between the active system and the standby sys-
tem. However, those processes are usually performed
in an alternate fashion. Needless to say, they can be
performed simultaneously.
[0083] Further, the procedure shown in Fig. 7 can be
implemented by a program that is executed in a CPU
constituting the control circuit 28.
[0084] In Fig. 8, in the case of the capacity-priority, the
reception monitoring signal c1 of the active system is
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compared with the lower-limit threshold LS (step U11 in
Fig. 8). As a result of the comparison, if the value of c1
is higher than the lower-limit threshold LS (Y at step U11),
the reception monitoring signal c1 is also compared with
the upper-limit threshold HS (step U12). As a result, if
the value of c1 is higher than the upper-limit threshold
HS (Y at step U12), the low-level flag L1 of the active
system is reset and the high-level flag H1 of the active
system is set (step U13). Further, since the condition 3
is satisfied, an instruction to change the modulation multi-
valued number to a high multi-value is issued (step U14).
However, if the value of c1 is equal to or lower than the
upper-limit threshold HS (N at step U12), the process
returns to the step U11.
[0085] With regard to the reception monitoring signal
c2 of the standby system, processing similar to the
above-described processing of the reception monitoring
signal c1 of the active system is performed (steps U21
to U24). In the step U23, the low-level flag L2 of the stand-
by system is reset and the high-level flag H2 of the active
system is set. Further, since the condition 3 is satisfied,
an instruction to change the modulation multi-valued
number to a high multi-value is issued (step U24).
[0086] In the step U11 of the active system, if the value
of c1 is equal to or lower than the lower-limit threshold
LS (N at step U11), the low-level flag L1 of the active
system is set and the high-level flag H1 of the active
system is reset (step U15). At this point, if the low-level
flag L2 of the standby system is being set (Y at step U16),
the condition 4 is satisfied and therefore an instruction
to change the modulation multi-valued number to a low
multi-value is issued (step U17). On the other hand, if
the low-level flag L2 of the standby system is not being
set (N at step U16), the process returns to the step U11.
[0087]  With regard to the reception monitoring signal
c2 of the standby system, processing similar to the
above-described processing of the reception monitoring
signal c1 of the active system is performed (steps U25
to U27). In the step U26, if the low-level flag L1 of the
active system is being set (Y at step U26), the condition
4 is satisfied and therefore an instruction to change the
modulation multi-valued number to a low multi-value is
issued (step U27). On the other hand, if the low-level flag
L1 of the active system is not being set (N at step U26),
the process returns to the step U21.
[0088] In Fig. 8, the processes are illustrated, for sim-
plifying the illustration, as if they are performed simulta-
neously between the active system and the standby sys-
tem. However, those processes are usually performed
in an alternate fashion. Needless to say, they can be
performed simultaneously.
[0089] Further, the procedure shown in Fig. 8 can be
implemented by a program that is executed in a CPU
constituting the control circuit 28.

Embodiment

[0090] Fig. 9 shows a configuration in which the control

circuit 28 has an additional feature but the other funda-
mental structures are the same as those described above
as another exemplary embodiment in accordance with
the present invention.
[0091] In this figure, a sensor circuit 29 is added in the
radio communication device 20 shown in Fig. 1, and a
result from the sensor circuit 29 is input to the control
circuit 28. The sensor circuit 29, which is a sensor capa-
ble of measuring, for example, a temperature, a humidity,
rainfall, and an atmospheric pressure, outputs measured
data to the control circuit 28. When a certain indication
of weather change such as a decrease in the atmospheric
pressure is detected, the control circuit 28 performs
switching control of the modulation mode before the rain
starts. In this way, it is possible to perform switching con-
trol of the modulation mode in advance while predicting
the change of reception level, and thereby to provide a
modulation switching type radio communication device
capable of implementing a more detailed operation.
[0092] Examples in which switching is performed be-
tween two modulation modes have been explained so
far. However, in a more general manner, the modulation
mode may be switched among n types of modulation
modes (n is integer greater than one). In such cases, the
reception level is compared with (n-1) types of lower-limit
thresholds LS and (n-1) types of upper-limit thresholds
HS.
[0093] For example, in a case of n=4 (QPSK-16QAM-
32QAM-128QAM), there are three types of thresholds.
A lower-limit threshold 11 and an upper-limit threshold
21 between QPSK and 16QAM, a lower-limit threshold
12 and an upper-limit threshold 22 between 16QAM and
32QAM, and a lower-limit threshold 13 and an upper-limit
threshold 23 between 32QAM and 128QAM are set. That
is, the lower-limit threshold 11 is a threshold to perform
control "16QAM -> QPSK"; the lower-limit threshold 12
is a threshold to perform control "32QAM -> 16QAM";
and the lower-limit threshold 13 is a threshold to perform
control "128QAM -> 32QAM". Similarly, the upper-limit
threshold 21 is a threshold to perform control "QPSK ->
16QAM"; the upper-limit threshold 22 is a threshold to
perform control "16QAM -> 32QAM"; and the upper-limit
threshold 23 is a threshold to perform control "32QAM
-> 128QAM". In this manner, the switching control of the
modulation mode is determined by comparing an ac-
quired reception level with 2(n-1) types of thresholds.
[0094] Examples of a FD (Frequency diversity) config-
uration in which the radio transmission line has a redun-
dancy configuration of the active system and the standby
system have been explained so far. However, the present
invention is not limited to configurations like them, and
can be also configured as an SD (Space diversity) con-
figuration, i.e., a configuration in which each of the trans-
mission side and the reception side uses two antennas
so that two physically-separated radio transmission lines
are used while using radio waves having the same fre-
quency. In such a configuration, if the explanation is to
be made by referring to Fig. 1, the transmitting circuit 12
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and the transmitting circuit 13 are not connected to each
other but are connected to their individual antennas in
the radio communication device 10. Similarly, the receiv-
ing circuit 22 and the receiving circuit 23 are not connect-
ed to each other but are connected to their individual
antennas in the radio communication device 20. Other
structures and functions are the same as those of the
above-described example in which different frequencies
are used.
[0095] Although the present invention has been ex-
plained with reference to certain exemplary embodi-
ments so far, the present invention is not limited to the
above-described exemplary embodiments. Those skilled
in the art can make various modifications to the config-
uration and details of the present invention without de-
parting from the purpose of the present invention.
[0096] This application is based upon and claims the
benefit of priority from Japanese patent application No.
2008-007533, filed on January 17, 2008, the disclosure
of which is incorporated herein in its entirety by reference.

Industrial Applicability

[0097] The present invention relates to modulation
mode switching, and is applicable to, in particular, a mod-
ulation mode switching type communication device and
a modulation mode switching method in a point-to-point
radio communication system in which a radio transmis-
sion line have a redundant configuration of an active sys-
tem and a standby system.

Claims

1. A modulation mode switching method in a point-to-
point radio communication system in which a mod-
ulation mode to be used can be switched among n
types of modulation modes and a radio transmission
line has a redundant configuration of an active sys-
tem and a standby system, the modulation mode
switching method comprising:

a step of setting in advance one of a transmis-
sion-quality-priority operational form and a
transmission-capacity-priority operational form;
a step of setting in advance (n-1) types of lower-
limit thresholds used for switching to a modula-
tion mode direction of a system gain increasing
direction and (n-1) types of upper-limit thresh-
olds used for switching to a modulation mode
direction of a system gain decreasing direction;
a step of comparing each of reception levels of
a radio transmission line of the active system
and a radio transmission line of the standby sys-
tem with each of the lower-limit thresholds in a
different order for each of the operational forms;
a step of comparing each of reception levels of
a radio transmission line of the active system

and a radio transmission line of the standby sys-
tem with each of the upper-limit thresholds in a
different order for each of the operational
formes; and
adaptively controlling switching among the n
types of modulation modes on a switching con-
dition in accordance with purport of the operation
form based on a result of each of the compari-
sons.

2. The applicable modulation mode switching method
according to Claim 1, wherein when a reception level
of a radio transmission line exceeds the upper-limit
threshold, an upper-limit threshold exceeding state
is maintained to deal with an active system and a
standby system until the reception revel becomes
equal to or lower than the lower-limit threshold, and
in the transmission-quality-priority, the switching
condition to the modulation mode of a system gain
increasing direction is that one of a reception level
of a radio transmission line of the active system and
a reception level of a radio transmission line of the
standby system becomes equal to or lower than the
lower-limit threshold, and the switching condition to
the modulation mode of a system gain decreasing
direction is that both of the active system reception
level and the standby system reception level exceed
the upper-limit threshold.

3. The modulation mode switching method according
to Claim 1, wherein
when a reception level of a radio transmission line
becomes equal to or lower than the lower-limit
threshold, a lower-limit threshold not-exceeding
state is maintained to deal with an active system and
a standby system until the reception revel exceeds
the upper-limit threshold, and
in the transmission-capacity-priority, a switching
condition to the modulation mode of a system gain
increasing direction is that both of a reception level
of a radio transmission line of the active system and
a reception level of a radio transmission line of the
standby system become equal to or lower than the
lower-limit threshold, and a switching condition to
the modulation mode of a system gain decreasing
direction is that one of the active reception level and
the standby reception level exceeds the upper-limit
threshold.

4. The modulation mode switching method according
to any one of in Claims 1 to 3, wherein, in the com-
parison step, a comparison by the upper-limit com-
parison unit is followed by a comparison by the lower-
limit comparison unit in a case of the transmission-
quality-priority, whereas a comparison by the lower-
limit comparison unit is followed by a comparison by
the upper-limit comparison unit in a case of the trans-
mission-capacity-priority.
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5. The modulation mode switching method according
to any one of in Claims 1 to 4, wherein the modulation
mode of a system gain increasing direction is QPSK,
and the modulation mode of a system gain decreas-
ing direction is QAM.

6. The modulation mode switching method according
to any one of in Claims 1 to 4, wherein the redundant
configuration is a FD (Frequency diversity) configu-
ration.

7. A modulation mode switching type communication
device in a point-to-point radio communication sys-
tem in which a modulation mode to be used can be
switched among n types of modulation modes and
a radio transmission line has a redundant configu-
ration of an active system and a standby system, the
modulation mode switching type communication de-
vice comprising:

a setting unit in which one of a transmission-
quality-priority operational form and a transmis-
sion-capacity-priority operational form, and (n-
1) types of lower-limit thresholds used for switch-
ing to a modulation mode direction of a system
gain increasing direction and (n-1) types of up-
per-limit thresholds used for switching to a mod-
ulation mode direction of a system gain decreas-
ing direction are set in advance;
a lower-limit comparison unit that compares
each of reception levels of a radio transmission
line of the active system and a radio transmis-
sion line of the standby system with each of the
lower-limit thresholds in a different order for
each of the operational forms;
a upper-limit comparison unit that compares
each of reception levels of a radio transmission
line of the active system and a radio transmis-
sion line of the standby system with each of the
upper-limit thresholds in a different order for
each of the operational forms; and
a determination unit that adaptively controls
switching among the n types of modulation
modes on a switching condition in accordance
with purport of the operation form based on a
result of each of the comparisons.

8. The modulation mode switching type communication
device according to Claim 7, wherein
the determination unit comprises a high-level flag to
deal with an active system and a standby system,
the high-level flag being set when a reception level
of the radio transmission line exceeds the upper-limit
threshold, and being reset when the reception level
becomes equal to or lower than the lower-limit
threshold, and
in a case of the transmission-quality-priority, the
switching condition to the modulation mode of a sys-

tem gain increasing direction is that one of a recep-
tion level of a radio transmission line of the active
system and a reception level of a radio transmission
line of the standby system becomes equal to or lower
than a lower-limit threshold; the switching condition
to the modulation mode of the system gain decreas-
ing direction is that a reception level of a radio trans-
mission line of the active system (standby system)
exceeds the upper-limit threshold and a high-level
flag corresponding to the standby system (active
system) is being set; and a current modulation mode
is maintained in other cases.

9. The modulation mode switching type communication
device according to Claim 7, wherein
the determination unit comprises a low-level flag to
deal with an active system and a standby system,
the low-level flag being set when a reception level
of the radio transmission line becomes equal to or
lower than the lower-limit threshold, and being reset
when the reception level exceeds the upper-limit
threshold, and
in a case of the transmission-capacity-priority, the
switching condition to the modulation mode of a sys-
tem gain decreasing direction is that one of a recep-
tion level of a radio transmission line of the active
system and a reception level of a radio transmission
line of the standby system exceeds the upper-limit
threshold; the switching condition to the modulation
mode of a system gain increasing direction is that a
reception level of a radio transmission line of the ac-
tive system (standby system) is equal to or lower
than the lower-limit threshold and a low-level flag
corresponding to the standby system (active system)
is being set; and a current modulation mode is main-
tained in other cases.

10. The modulation mode switching type communication
device according to Claim 6, wherein, in the com-
parison step, the determination unit performs a com-
parison by the upper-limit comparison unit first and
then a comparison by the lower-limit comparison unit
in a case of the transmission-quality-priority, where-
as the determination unit performs a comparison by
the lower-limit comparison unit first and then a com-
parison by the upper-limit comparison unit in a case
of the transmission-capacity-priority.

11. The modulation mode switching type communication
device according to any one of Claims 7 to 10, where-
in the modulation mode of a system gain increasing
direction is QPSK, and the modulation mode of a
system gain decreasing direction is QAM.

12. The modulation mode switching type communication
device according to any one of Claims 6 to 11, where-
in the redundant configuration is a FD (Frequency
diversity) configuration.
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13. A modulation mode switching program recording
medium in a point-to-point radio communication sys-
tem in which a modulation mode to be used can be
switched between QPSK, and QAM and a radio
transmission line has a redundant configuration of
an active system and a standby system, wherein
when the point-to-point radio communication system
is in a transmission-quality-priority state, the modu-
lation mode switching program comprising:

a first step of comparing a reception level of the
radio transmission line with an upper-limit
threshold used for switching to a modulation
mode direction of a system gain decreasing di-
rection for each of the active system and standby
system;
a second step of, when the reception level is
equal to or lower than an upper-limit threshold
in the first step, comparing a reception level of
the radio transmission line with a lower-limit
threshold used for switching to a modulation
mode direction of a system gain increasing di-
rection for each of the active system and standby
system;
a third step of, when the reception level is equal
to or lower than the lower-limit threshold in at
least one of the active system and standby sys-
tem in the second step, setting a low flag and
resetting a high flag for each of the active system
and standby system to change the modulation
mode to QPSK;
a fourth step of, when the reception level ex-
ceeds an upper-limit threshold in the first step,
resetting a low flag and setting a high flag for
each of the active system and standby system;
and
a fifth step of, when a high flag of the active sys-
tem and a high flag of the standby system are
set, changing the modulation mode to QAM.

14. A modulation mode switching program recording
medium in a point-to-point radio communication sys-
tem in which a modulation mode to be used can be
switched between QAM and QPSK and a radio trans-
mission line has a redundant configuration of an ac-
tive system and a standby system, wherein
when the point-to-point radio communication system
is in a transmission-capacity-priority state, the mod-
ulation mode switching program comprising:

a first step of comparing a reception level of the
radio transmission line with a lower-limit thresh-
old used for switching to a modulation mode di-
rection of a system gain increasing direction for
each of the active system and standby system;
a second step of, when the reception level ex-
ceeds a lower-limit threshold in the first step,
comparing a reception level of the radio trans-

mission line with an upper-limit threshold used
for switching to a modulation mode direction of
a system gain decreasing direction for each of
the active system and standby system;
a third step of, when the reception level exceeds
the upper-limit threshold in at least one of the
active system and standby system in the second
step, resetting a low flag and setting a high flag
for each of the active system and standby sys-
tem to change the modulation mode to QAM;
a fourth step of, when the reception level is equal
to or lower than a lower-limit threshold in the first
step, setting a low flag and resetting a high flag
for each of the active system and standby sys-
tem; and
a fifth step of, when a low flag of the active sys-
tem and a low flag of the standby system are
set, changing the modulation mode to QPSK.

27 28 



EP 2 234 359 A1

16



EP 2 234 359 A1

17



EP 2 234 359 A1

18



EP 2 234 359 A1

19



EP 2 234 359 A1

20



EP 2 234 359 A1

21



EP 2 234 359 A1

22



EP 2 234 359 A1

23



EP 2 234 359 A1

24



EP 2 234 359 A1

25



EP 2 234 359 A1

26



EP 2 234 359 A1

27

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2005223835 A [0010]
• JP 3898192 B [0010]

• JP 2008007533 A [0096]


	bibliography
	description
	claims
	drawings
	search report

