
*159159* Specification 111111  Failure Detecting Device 11  Background of
the Invention 5 Generally, a failure of a transmitter can be  readily
detected by detecting, around the transmitter,  transmission output power
actually output from the  transmitter and comparing the power of a
transmitted  input signal input to the transmitter with the 10 transmission
output power (Japanese Patent Laid-Open  No. 2000-230737). On the other
hand, a failure of a  receiver is considered as follows. Although the
reception power itself of the receiver can be detected  by the output from
the receiver, an input signal to the 15 receiver is very weak, and the
input timing of the  signal is not accurately known. Therefore, it is
generally impossible to detect input power to the  receiver. Accordingly, a
failure of the receiver cannot be detected by comparing the input and
output powers as  20 in the case of the transmitter. Conventionally,
therefore, a failure is  detected by monitoring the current consumption of
the  receiver or a voltage (bias voltage) set for an  



amplifier in each stage of a circuit forming the 25 receiver, and checking
variations in current consumption  or bias voltage. FIG. 6 shows an example
of the circuit 1 configuration of a conventional receiver failure
detecting device. A receiver failure detecting device  100 includes first
to third amplifiers 103 to 105 which  input and sequentially amplify a
reception signal 102 5 inside a receiver 101, and a failure detecting part
109  which inputs bias voltages 106 to 108 in predetermined  portions (not
shown) of the first to third amplifiers  103 to 105. An amplified reception
output 111 is obtained from the third amplifier 105. 10 In the receiver
failure detecting device 100  as described above, the failure detecting
part 109  prestores the bias voltages 106 to 108 when the first to  third
amplifiers 103 to 105 are normal. While the  receiver 101 is in operation,
the failure detecting part 15 109 always checks whether the bias voltages
are held  within the normal range of the bias voltages 106 to 108,  by
using a circuit (not shown) which compares these  voltages. If, as a result
of this check, at least one  of the bias voltages 106 to 108 falls outside
the normal 20 range at a certain time, the failure detecting part 109
determines that shortcircuit may have occurred or an  obstacle such as
disconnection or burning of a circuit  component may have occurred in a
portion of the first  



amplifiers 103 to 105, thereby detecting a failure. 25 In this failure
detecting device, different  amplifiers normally have different bias
voltages to be  monitored. Accordingly, a plurality of voltage comparators
must be prepared. Also, to accurately determine a failure, the  voltages of
as many circuit portions as possible of one  amplifier must be checked.
This increases the number of 5 voltage comparators required for the failure
detecting  device, and increases the cost of the device.  Furthermore, to
allow the failure detecting device to accurately operate, even if the
individual  components have variations in characteristics, the 10 voltage
of each part of the receiver must be adjusted  within the range of
predetermined values. For example,  even if the amplification factor of the
first amplifier  103 of the first to third amplifiers 103 to 106 shown in
Fig. 6 increases, it is difficult to adjust the 15 amplification factor of
the whole by decreasing the  amplification factor of the second amplifier
104 by an  amount corresponding to this increase, and this makes  flexible
adjustment difficult, resulting in time-consuming receiver adjustment.  20
Summary of the Invention It is an object of the present invention to
provide a failure detecting device which requires no  special circuit for
detecting a failure of a transmitter  or receiver. 



25 A failure detecting device according to the  present invention comprises
(-) notification receiving  means for receiving, from at least one
communication II terminal of a communication partner, notification of  both
reception power of a signal transmitted from a main  apparatus and
transmission power of a signal transmitted  to the main apparatus, (a)
determining means for 5 determining the reception power from the
communication  terminal and the transmission power to the communication
terminal, (1,) propagation loss calculating means for  calculating
bidirectional propagation losses between the  communication terminal and
main apparatus, from the two 10. powers output from the notification
receiving means and  the two powers output from the determining means, ( .)
difference checking means for checking whether a  difference between the
propagation losses falls within a  predetermined allowable range, and (%)
failure 15 determining means for determining that a  transmitter/receiver
of at least one of the  communication terminal and main apparatus has a
failure,  if the difference checking means determines that the  difference
falls outside the allowable range. 20 Brief Description of Drawings Fig. 1
is a system configuration view showing  a communication system including a
failure detecting  device according to an embodiment of the present
invention; 



25 Fig. 2 is a view showing the relationship  between four types of powers
of a mobile station and  base station in this embodiment; Fig. 3 is a block
diagram for explaining a  failure detecting part of this embodiment; Fig. 4
is a flowchart showing an outline of  the flow of a failure detecting
process used in the 5 failure detecting part of this embodiment; Fig. 5 is
a flowchart showing details of a  process of determining the
presence/absence of a failure  of a transmitter/receiver in step S310 of
Fig. 4; and Fig. 6 is a block diagram showing an example  10 of the circuit
configuration of a conventional receiver  failure detecting device.
Detailed Description of Preferred Embodiment An embodiment of the present
invention will be  described in detail below. 15 Fig. 1 shows a
communication system including  a failure detecting device according to the
embodiment  of the present invention. A communication system 200  includes
a base station 202 having a base station  antenna 201, and first to Nth
mobile stations 2031 to 20 203N which communicate with the base station 202
by a  CDMA (Code Division Multiple Access) method. First to Nth propagation
paths 2041 to 204N  are formed when signals are exchanged between the base
station antenna 201 and first to Nth mobile stations 



25 2031 to 203N. The propagation losses of the first to  Nth propagation
paths 2041 to 204N change in accordance  with the arrangement environment,
e.g., the positions of the first to Nth mobile stations 2031 to 203N. In
this  embodiment, however, these propagation losses are  represented by
first to Nth propagation losses L1 to LN. The base station 202 has a
duplexer 211 5 connected to the base station antenna 201. A reception
signal 212 obtained from the base station antenna 201 is  supplied through
the duplexer 211, and input to and  received by a receiver 213 connected to
the duplexer  211. The output side of the receiver 213 is connected 10
first to Nth reception signal processing parts 2141 to  214N arranged in
one-to-one correspondence with the  first to Nth mobile stations 2031 to
203N. The first to Nth reception signal processing  parts 2141 to 214N
input mobile station transmission  15 powers Ptm1 to PtmN and mobile
station reception powers Prml to PrmN to a failure detecting part 218
connected to  the first to Nth reception signal processing parts 2141  to
214N. From first to Nth transmission signal 20 processing parts 221, to
221N, the failure detecting  part 218 receives base station transmission
powers Ptb1  to PtbN corresponding to the first to Nth base stations  2031
to 203N. Also, if a failure occurs in any of the  first to Nth mobile
stations 2031 to 203N, the failure 25 detecting part 218 outputs the
corresponding one of  



first to Nth failure notification signals 2231 to 223N  to the
corresponding one of the first to Nth mobile stations 2031 to 203N. The
first to Nth transmission signal  processing parts 221, to 221N are
connected to a  transmitter 225. A transmission signal 226 output from 5
the transmitter 225 is supplied to the base station  antenna 201 via the
duplexer 211, and transmitted from  the base station antenna 201 to the
first to Nth mobile  stations 2031 to 203N via the first to Nth propagation
paths 2041 to 204N 10 In the communication system 200 as described  above,
transmission signals from the first to Nth mobile  stations 2031 to 203N
are received by the base station  202 via the base station antenna 201. The
received  signals are separated from the transmission signal 226 15 by the
duplexer 211, and input as reception signals 212  to the receiver 213. The
receiver 213 converts the  reception signals 212, transmitted from the
first to Nth  mobile stations 2031 to 203N and received by the base
station 202, into a frequency which can undergo signal 20 processing, and
amplifies the converted signals to a  predetermined power. The first to Nth
reception signal  processing parts 2141 to 214N despread the amplified
signals, and extract the mobile station signals  transmitted from the
mobile stations 2031 to 203N. The 25 first to Nth reception signal
processing parts 2141 to  214N detect the reception powers of these
extracted  



reception signals. The detected reception powers are represented by base
station reception powers P,b, to PrbN  In the communication system 200, the
first to  Nth mobile stations 203, to 203N detect the transmission 5 powers
transmitted from them to the base station 202 and  the reception powers of
the transmission signal 226  transmitted from the base station 202, and
transmit the  detection results to the base station 202 when  transmitting
signals. 10 The first to Nth reception signal processing  parts 214, to
214N demodulate and extract information  about the mobile station
transmission powers PtM1 to PtMN  and mobile station reception powers PIM1
to PIMN  transmitted from the first to Nth mobile stations 203, 15 to 203N.
The first to Nth reception signal processing  parts 214, to 214N supply, to
the failure detecting part  218, the mobile station transmission powers
PtM1 to PtMN  and mobile station reception powers P,M1 to PrMN together
with the base station reception powers P,b, to P,bN. 20 Also, the base
station 202 supplies, to the  failure detecting part 218, the base station
transmission powers Ptbj to PtbN transmitted from the  transmitter 225 via
the first to Nth transmission signal  processing parts 221, to 221N. 25
Fig. 2 shows the relationship between these  four types of powers of the
mobile station and base  station. That is, Fig. 2 shows the relationship
between 



an arbitrary mobile station X, an Xth upstream  propagation path 204xn, an
Xth downstream propagation  path 204xd, and the base station. The failure
detecting part 218 shown in Fig. 1  5 calculates the propagation loss
between the base station  202 and mobile station 203x by using base station
reception power Prbx, base station transmission power  Ptbx, mobile station
transmission power Ptmx, and mobile  station reception power Prmx. 10 Also,
the failure detecting part 218 compares  the results of calculations by the
first to Nth mobile  stations 2031 to 203N. In this manner, the failure
detecting part 218 detects a failure of the receiver 213  of the base
station 202 or a failure of any of the 15 mobile stations 2031 to 203N.
This will be explained in  detail later. If the failure detecting part 218
detects a  failure of any station, and if this failure concerns any  of the
first to Nth transmission signal processing parts 20 221, to 221N, the base
station 202 notifies the  corresponding mobile station 203 of the failure.
This notification indicating that the failure  is found is supplied from
the failure detecting part 218  to the portion corresponding to the failure
in any of 25 the first to Nth transmission signal processing parts  221, to
221x, and supplied to the transmitter 225. The  transmitter 225 converts
the notification into an RF - 9  



signal by frequency conversion, and amplifies the signal  to power
necessary for transmission. The amplified  signal is synthesized with the
reception signal by the  duplexer 211, and transmitted via the base station
5 antenna 201. Consequently, the corresponding one of the  first to Nth
mobile stations 203, to 203N can receive  the information indicating that
the failure is found.  Details of the failure detecting part 218 will be
described below. 10 As shown in Fig. 3, the failure detecting part  218
includes a notification receiver 218a which receives  the notification of
the mobile station transmission  power Ptmx and mobile station reception
power Prmx from  the first to Nth mobile stations 2031 to 203N, and a 15
determinator 218b which determines the base station  reception power Prbx
and base station transmission power  Ptbx extracted from the first to Nth
reception signal  processing parts 2141 to 214N. The failure detecting part
218 also includes a  20 propagation loss calculator 218c which is connected
to  the notification receiver 218a and determinator 218b,  and calculates
bidirectional propagation losses between  the first to Nth mobile stations
2031 to 203N and base  station 202, from the mobile station transmission
power 25 Ptmx and mobile station reception power Prmx input from  the
notification receiver 218a, and the base station  reception power Prbx and
base station transmission power - 10  



Ptb, input from the determinator 218b. In addition, the failure detecting
part 218  includes a difference checking unit 218d which is  connected to
the propagation loss calculator 218c, and 5 checks, for each of the first
to Nth mobile stations  2031 to 203N, whether the difference between the
bidirectional propagation losses calculated by the  propagation loss
calculator 218c falls within an  allowable range. 10 Furthermore, the
failure detecting part 218  includes a failure determinator 218e which is
connected  to the difference checking unit 218d, and determines  whether a
failure has occurred in a mobile station and  base station for which the
difference checking unit 218d 15 determines that the propagation loss
difference falls  outside the allowable range. The failure detecting part
218 also includes a  failure notification unit 218f which is connected to
the  failure determinator 218e, and notifies a mobile station 20 and base
station, found to have a failure by the failure  determinator 218e, of the
presence of the failure.  Assume that the mobile station transmission
powers and mobile station reception powers of the N  mobile stations 2031
to 203N shown in Fig. 1 are as 25 follows. In this state, all the mobile
stations 2031 to  203N are normally operating. First mobile station - 11  



5 mobile station transmission power Ptm,  = -40 dBm mobile station
reception power P,m, = -30 dBm  Second mobile station mobile station
transmission power PtM2  = -20 dBm mobile station reception power P,M2 =
-40 dBm Nth mobile station 10 mobile station transmission power PtMN  = +10
dBm mobile station reception power P,mN = -60 dBm  Assume that in this
state, the base station  transmission powers and base station reception
powers of 15 the base station with respect to the mobile stations  203, to
203N are as follows. In this state, the base  station is normally
operating. With respect to the first mobile station, base station
transmission power Ptbl = +20 dBm  20 base station reception power Prmi =
-90 dBm  With respect to the second mobile station, base station
transmission power Ptb2 = +30 dBm  base station reception power Prb2 = -90
dBm 25 With respect to the Nth mobile station, mobile station transmission
power PtMN  = +40 dBm - 12  mobile station reception power PrrN = -90 dBm  



In this example, the failure detecting part 218 can calculate the
transmission losses of the  transmission paths 2041 to 204N between the
base station  5 202 and mobile stations 2031 to 203N by using the above
measurement results by Upstream signal propagation loss Lxu  = Ptmx - Prbx
Downstream signal propagation loss Lxd  10 = Ptbx - Prmx 15 20 ... (1)
where symbol X indicates an arbitrary transmission path.  Also, the
propagation losses of the mobile stations 2031 to 203N are calculated by
Upstream signal propagation loss of first  mobile station = downstream
signal propagation  loss = 50 dB Upstream signal propagation loss of second
mobile station = downstream signal propagation  loss = 70 dB Upstream
signal propagation loss of Nth  mobile station = downstream signal
propagation  loss = 100 dB 25 ... (2)  Normally, however, the frequencies
of upstream and downstream signals in the same mobile station 203 



- 13  are different. Therefore, the upstream and downstream  signal
propagation losses take different values. To  simplify the explanation, in
this example it is assumed  that the downstream and upstream signal
propagation 5 losses are equal. However, the frequencies of upstream  and
downstream signals are known in practice.  Accordingly, the upstream and
downstream signal  propagation losses of the same propagation path can be
calculated. Correction of the propagation losses is 10 also easy. A case in
which the receiver 213 of the base  station 202 fails and as a consequence
all the reception  levels of the base station 202 lower by 10 dB will be
explained below. In this state, all the first to Nth 15 mobile stations
2031 to 203N are normal. Under the  assumption, all the reception powers
from the first to  Nth mobile stations 2031 to 203N detected by the base
station 202 lower by 10 dB. However, these reception  powers are not always
equal even when the receiver 213 20 of the base station 202 is normal.
Therefore, it is  impossible to determine, from information indicating the
detected reception powers, whether the level of the  receiver 225 has
lowered or the input signal levels of  signals transmitted from the first
to Nth mobile 25 stations 2031 to 203N have lowered. In this embodiment, to
perform this  determination, the propagation losses between the base 



- 14  station 202 and first to Nth mobile stations 2031 to  203N are
calculated. Equations (2) presented above are  based on the assumption that
the upstream and downstream  signal propagation losses are equal.
Accordingly, the 5 propagation losses of the mobile stations 2031 to 203N
after the receiver 213 of the base station 202 has  failed are indicated by
Upstream signal propagation loss of first  mobile station = 60 dB (+10 dB)
10 Downstream signal propagation loss of first  mobile station = 50 dB
Upstream signal propagation loss of second  mobile station = 80 dB (+10 dB)
Downstream signal propagation loss of second  15 mobile station = 70 dB 20
Upstream signal propagation loss of Nth  mobile station = 110 dB (+10 dB)
Downstream signal propagation loss of Nth  mobile station = 100 dB ... (3)
The comparison of equations (3) with equations (2) shows that in all the
first to Nth mobile stations  2031 to 203N, the upstream signal propagation
loss 25 increases by 10 dB from the downstream signal  propagation loss.
Consequently, it is determined that  the gain of the receiver 225 of the
base station 202 



- 15  lowers by 10 dB, i.e., the receiver 225 alone has failed. Consider a
case in which the receiver (not  shown) of the first mobile station 2031
alone fails and 5 as a consequence the gain lowers by 10 dB will be
described below. In this state, the second to Nth  mobile stations 2032 to
203N and base station 202 are  normal. In this case, the propagation losses
of the  mobile stations 2031 to 203N are indicated by 10 Upstream signal
propagation loss of first  mobile station = 50 dB Downstream signal
propagation loss of first  mobile station = 60 dB Upstream signal
propagation loss of second 15 mobile station = downstream signal
propagation  loss = 70 dB 20 Upstream signal propagation loss of Nth
mobile station = downstream signal propagation  loss = 100 dB ... (4)
Consequently, it is determined by comparing equations (4) with equations
(2) that the gain of the  receiver of the first mobile station 2031 has
lowered by  25 10 dB, i.e., the receiver of the first mobile station  2031
alone has failed. Consider a case in which the gains of the base 



- 16  station 202 and first mobile station 2031 lower by 10 dB  at the same
time will be described below. In this  state, all the second to Nth mobile
stations 2032 to  203N are normal. In this case, the propagation losses 5
of the mobile stations 203, to 203N are indicated by  Upstream signal
propagation loss of first  mobile station = 60 dB (+10 dB) Downstream
signal propagation loss of first  mobile station = 60 dB (+10 dB) 10
Upstream signal propagation loss of second  mobile station = 80 dB (+10 dB)
Downstream signal propagation loss of second  mobile station = 70 dB 15
Upstream signal propagation loss of Nth  mobile station = 110 dB (+10 dB)
Downstream signal propagation loss of Nth  mobile station = 100 dB ... (5)
20 where (+ 10dB) indicates the difference from equations (4). In equations
(5) as shown above, the upstream and  downstream signal propagation losses
are equal only in  the first mobile station 2031r and the upstream signal
propagation loss is larger by 10 dB than the downstream 25 signal
propagation loss in all the second to Nth mobile  stations 2032 to 203N.
Normally, the probability that some stations 



- 17  fail is much higher than the probability that all  stations fail
together. Since, therefore, the upstream  signal propagation losses of all
the mobile stations  2031 to 203N lower by 10 dB, it is determined that the
5 gain of the base station 202 has lowered by 10 dB.  Then, it is possible
to assume that the number of fault  mobile stations is much smaller than
the number of  normal mobile stations, so it is determined that the  gain
of the receiver of the first mobile station 203,  10 has lowered by 10 dB.
In the failure detecting device of this  embodiment, the base station 202
exclusively performs  failure detection. Accordingly, the base station 202
can recognize the status of its own failures and those 15 of the first to
Nth mobile stations 2031 to 203N, but  the first to Nth mobile stations
2031 to 203N cannot  recognize failures by themselves. Therefore, if, for
example, the first mobile station 2031 alone has failed,  the base station
202 outputs this information to the 20 first transmission signal processing
part 2211, and the  transmitter 225 transmits the information to the first
mobile station 2031. As a consequence, the first mobile  station 2031 can
recognize the failure of its own  transmitter or receiver, and take a
measure to correct  25 the failure. Fig. 4 shows an outline of the flow of
a  failure detecting process used in the failure detecting 



- 18  part according to this embodiment described above. The  failure
detecting part 218 shown in Fig. 1 has a CPU  (Central Processing Unit, not
shown), and executes the  failure detecting process by executing a
predetermined 5 control program stored in a storage medium such as a ROM
(Read Only Memory, not shown). First, the failure detecting part 218
initializes a variable n to "1" (step S301). At the  same time, the failure
detecting part 218 clears the 10 contents of a buffer (to be explained
later). The  propagation loss calculator 218c calculates an upstream
signal propagation loss Lnu and downstream signal  propagation loss L,,d of
an nth mobile station 203,, by  equations (1) (step S302). Since the
variable n is "1", 15 an operation indicated by equations (6) below is
actually performed. Upstream signal propagation loss Llu  = Ptml - Prbi
Downstream signal propagation loss Lid  20 = Ptbl - Prmi ... (6)  Then, the
difference checking unit 218d checks whether the upstream and downstream
signal propagation  losses Lnu and Lnd calculated in step S302 fall within
25 substantially equal ranges (step S303). Although the  difference between
the two is "0" in the above explanation, in this example it is assumed that
the 



- 19  difference between the two is approximated to "0" if it  falls within
the range of 10 dB. If the difference  between the two is "0" (YES), "0" is
recorded in that  area of the buffer memory (not shown) where the variable
5 n is "1", which corresponds to the first mobile station  2031 (step
S304). When this processing is complete, the variable  n is counted up by
"1" (step S305), and whether the  variable n is larger than a total number
"N" of the 10 mobile stations 2031 to 203N is checked (step S306) . If  the
variable n is equal to or smaller than the total  number "N", a mobile
station 203 whose transmitter and  receiver are to be checked still remains
(NO). In this  case, therefore, the flow returns to step S302 to 15 proceed
to processing for the second mobile station  2032. On the other hand, if it
is determined in step  S303 that the upstream and downstream signal
propagation  losses Lnu and Lnd fall outside the allowable ranges, and  20
if the upstream signal propagation loss Lnu is larger than the downstream
signal propagation loss Lnd (step  S307: YES), "+" is recorded in that
portion of the  buffer memory, which corresponds to the variable n (step
S308). The flow then advances to the processing in step 25 S305. Also, if
it is determined in step S303 that the  upstream and downstream signal
propagation losses Lnu  and Lnd fall outside the allowable ranges, and if
the 



- 20  upstream signal propagation loss Lnu is smaller than the  downstream
signal propagation loss Lnd (step S307: NO),  "-" is recorded in that
portion of the buffer memory,  which corresponds to the variable n (step
S309). The 5 flow then advances to the processing in step S305. In this
manner, whether the difference between  the upstream and downstream signal
propagation losses  Lnu and Lnd is within the allowable range ("0"), larger
than the allowable range ("+"), or smaller than the 10 allowable range
("-") is checked for each of the first  to Nth mobile stations 2031 to 203N
in order from the  first mobile station 2031. If this check up to the Nth
mobile station 203N is complete in step S306 (YES), the  failure
determinator 218e determines the 15 presence/absence of a failure in the
base station 202  and first to Nth mobile stations 2031 to 203N in
accordance with the contents of the buffer memory (step  S310). Fig. 5
shows details of the process of 20 determining the presence/absence of a
failure of the  transmitter or receiver in step S310 of Fig. 4. First,  if
the difference between the upstream and downstream  signal propagation
losses Lnu and Lnd is found to fall  within the allowable range ("0") for
all the variables 25 "1" to "n" stored in the buffer memory (step S321:
YES),  it is determined that the transmitters and receivers of  all the
base station 202 and first to Nth mobile 



- 21  stations 2031 to 203N are normal (step S322). Note that if the
transmitters and receivers of  all the base station 202 and first to Nth
mobile  stations 2031 to 203N have failed, a phenomenon in which 5 the
difference between the upstream and downstream  signal propagation losses
Lnu and Lnd falls within the  allowable range ("0") for all the first to
Nth mobile  stations 2031 to 203N can occur. However, this embodiment does
not assume such an extremely exceptional  10 failure mode. Note also that
as already described  above, a failure of the transmitter of any of the
base  station 202 and first to Nth mobile stations 2031 to  203N can be
detected independently of the present  invention. Therefore, failure
determination can be 15 performed more accurately by using the two methods
at  the same time, but this will not particularly be  considered below. If
it is determined in step S321 that not all  the variables n fall within the
allowable range ("0")  20 (NO), whether all the variables n are "+" is
checked (step S323). If all the variables n are "+" (YES), the  downstream
transmission path propagation loss is larger  than the upstream
transmission path propagation loss in  all the stations. This phenomenon
can occur when the 25 transmitter 225 of the base station 202 has failed,
or  when the receivers of all the first to Nth mobile  stations 2031 to
203N have failed. However, the 



- 22  possibility that the receivers of all the first to Nth  mobile
stations 2031 to 203N fail at the same time is  extremely low. In this
case, therefore, it is  determined that the transmitter 225 of the base
station  5 202 has failed (step S324). If some variables n are "+" (step
S325: YES),  it is determined that the receivers of mobile stations  203
found to be "+" have failed (step S326). In this  case, when the base
station 202 transmits a signal to 10 the mobile stations 203 found to have
failed, the  failure notification unit 218f notifies that their  receivers
have failed (step S327). Consequently, each  mobile station 203 having
received this notification can  recognize the occurrence of the failure by
reproducing 15 the notification by the receiver, and rapidly correct  the
failure. If all the variables n fall outside the  allowable range ("0") and
at least some variables n are  not "+" (step S323: NO, and step S325: NO),
whether all 20 the variables n are "-" is checked (step S328). If all  the
variables n are "-" (YES), it is determined that the  receiver 213 (Fig. 1)
of the base station 202 has failed  (step S329). Finally, a case in which
some variables n are  25 "-" (step S328: NO) will be explained below. In
this  case, it is determined that the transmitters of mobile  stations
whose variables n are "-" have failed (step 



- 23  S330). In this case, as in the above case, when the  base station 202
transmits a signal to the mobile  stations 203 found to have failed, these
mobile stations  are notified that their receivers have failed (step 5
S331). Consequently, each mobile station 203 having  received this
notification can recognize the occurrence  of the failure by reproducing
the notification by the  receiver, and rapidly correct the failure. In the
embodiment described above, a failure  10 of the receiver or transmitter is
detected by two-stage  evaluation, i.e., by the presence/absence of a
failure.  However, the degrees of failures may also be more finely
classified into, e.g., a failure by which the  amplification factor only
slightly increases or 15 decreases, and a failure worse than that.
Additionally,  a failure of the transmitter is also determined in the
embodiment. However, only a failure of the receiver can  also be
determined. Although detection of a failure of a mobile  20 station such as
a cell phone is explained in the above  embodiment, the present invention
is, of course, also  applicable to other radio apparatuses. In the
above-mentioned embodiment, a source  apparatus, e.g., a base station
receives, from a 25 communication terminal of a communication partner with
which the base station communicates, the notification of  both the
reception power of a signal transmitted by the 



- 24  source apparatus and the transmission power of a signal  transmitted
to the source apparatus, determines the  reception power and transmission
power of the source  apparatus with respect to the communication terminal,
5 and calculates bidirectional propagation losses between  the
communication terminal and source apparatus on the  basis of these four
types of data. The difference  checking means checks whether the difference
between the  bidirectional propagation losses falls within a 10
predetermined allowable range. If the  transmitters/receivers of the two
apparatuses are  normal, the bidirectional propagation losses of one
propagation path are equal or fall within the  predetermined allowable
range. Therefore, if the 15 bidirectional propagation losses fall outside
the  allowable range, it is determined that either the  communication
terminal or source apparatus as the two  ends of the propagation path has a
failure. That is, by  detecting the signal transmission power and reception
20 power of each of the source apparatus and the  communication terminal of
the communication partner, the  presence/absence of a failure of the
transmitters/receivers of these two apparatuses can be  determined without
using any special hardware. 25 Also, a failure of a source apparatus which
communicates with a plurality of communication terminals  can be detected.
In this case, the source apparatus 



- 25  receives, from each of these communication terminals,  the
notification of the reception power of a signal  transmitted by the source
apparatus and the transmission  power of a signal transmitted to the source
apparatus, 5 determines the reception power and transmission power of  the
source apparatus with respect to each of these  communication terminals,
and calculates bidirectional  propagation losses between each communication
terminal  and the source apparatus on the basis of these four 10 types of
data. The difference checking means checks  whether the.difference between
the bidirectional  propagation losses falls within a predetermined
allowable range. If the transmitters/receivers of the two apparatuses are
normal, the bidirectional 15 propagation losses of one propagation path are
equal or  fall within the predetermined allowable range.  Therefore, for a
pair of the source apparatus and a  communication terminal by which the
bidirectional  propagation losses fall outside the allowable range, it 20
is determined that either the communication terminal or  source apparatus
has a failure. It is also possible to  perform more precise failure
detection on the basis of  the correlation with a plurality of
communication terminals. That is, when communicating with a plurality  25
of communication terminals, the source apparatus  calculates propagation
losses between these  communication terminals and the source apparatus, and



- 26  determines that a failure has occurred in the  transmitter/receiver
of one of a communication terminal  and the source apparatus by which the
difference between  the bidirectional propagation losses falls outside the
5 predetermined allowable range, so the presence/absence  of a failure of
these apparatuses can be determined  without using any special hardware. In
addition, if the difference checking means  determines that all the
communication terminals fall 10 outside the allowable range, all these
communication  terminals may have failed or the source apparatus may  have
failed. However, if the failure rates of the  source apparatus and each
communication terminal are  equal, the probability that the source
apparatus fails 15 is higher than the probability that all the
communication terminals fail. In this case, therefore,  it is determined
that the transmitter/receiver of the  source apparatus has failed. If the
difference checking means determines  20 that some communication terminals
fall outside the  allowable range, it is determined that failures have
occurred in the transmitters/receivers of these  communication terminals
found to fall outside the  allowable range. 25 Also, if it is determined
that the  transmitter/receiver of the source apparatus has failed,  more
precise failure determination is performed. That 



- 27  is, if the propagation loss of a propagation path to the  source
apparatus is smaller than that of a propagation  path to each communication
terminal, it is determined  that the receiver of the source apparatus has
failed. 5 In the opposite case, it is determined that the  transmitter of
the source apparatus has failed. More  specifically, if it is determined
that a value obtained  by subtracting the transmission power of the source
apparatus with respect to a communication terminal from 10 the reception
power of the communication terminal is  larger than a value obtained by
subtracting the  transmission power of the communication terminal from  the
reception power of the source apparatus with respect  to the communication
terminal, it is determined that the 15 receiver of the source apparatus has
failed. Otherwise,  it is determined that the transmitter of the source
apparatus has failed. Likewise, if it is determined that the  transmitter
or receiver of the communication terminal  20 has failed, more precise
failure determination is performed. That is, if the propagation loss of a
propagation path to the source apparatus is smaller than  that of a
propagation path to each communication  terminal, it is determined that the
transmitter of a 25 communication terminal found to fall outside the
allowable range has failed. Otherwise, it is determined  that the receiver
of the communication terminal found to 



- 28  fall outside the allowable range has failed. More  specifically,
determination is performed on the basis of  the relationship between a
value obtained by subtracting  the transmission power of a communication
terminal from 5 the reception power of the source apparatus with respect
to the communication terminal and a value obtained by  subtracting the
transmission power of the source  apparatus with respect to the
communication terminal  from the reception power of the communication
terminal. 10 Furthermore, although the source apparatus  determines a
failure, if the source apparatus determines  that a communication terminal
has failed, the source  apparatus notifies the communication terminal of
the  failure. Accordingly, the corresponding communication 15 terminal can
recognize that its receiver or the like has  failed, and take a necessary
countermeasure. As described above, the failure detecting  device according
to the present invention which detects  a failure of a circuit apparatus
such as a receiver is 20 suited to detecting a failure of a receiver such
as a  base station receiver or a receiver of a mobile  terminal. C L A I M
S 1. A failure detecting device characterized  2 by comprising: 3
notification receiving means for receiving,  4 from at least one
communication terminal of a 



5 communication partner, notification of both reception 6 power of a signal
transmitted from a main apparatus and  7 transmission power of a signal
transmitted to said main  8 apparatus; 9 determining means for determining
the 10 reception power from said communication terminal and the  11
transmission power to said communication terminal; 12 propagation loss
calculating means for 13 calculating bidirectional propagation losses
between 14 said communication terminal and main apparatus, from the  15 two
powers output from said notification receiving means  16 and the two powers
output from said determining means;  17 difference checking means for
checking whether  18 a difference between the propagation losses falls
within  19 a predetermined allowable range; and 20 failure determining
means for determining that  21 a transmitter/receiver of at least one of
said 22 communication terminal and main apparatus has a failure,  23 if
said difference checking means determines that the  24 difference falls
outside the allowable range. 2. A failure detecting device according to 2
claim 1, characterized by further comprising a plurality - 30  3 of
communication terminals, 4 wherein said notification receiving means 5
receives, from each of said plurality of communication  6 terminals of a
communication partner, notification of  7 both reception power of a signal
transmitted from said  



8 main apparatus and transmission power of a signal 9 transmitted to said
main apparatus, 10 said determining means determines, for each  11
communication terminal, the reception powers from said  12 plurality of
communication terminals and the 13 transmission powers to said plurality of
communication  14 terminals, 15 said propagation loss calculating means 16
calculates bidirectional propagation losses between each  17 communication
terminal and said main apparatus, from the  18 two powers output from said
notification receiving means  19 and the two powers output from said
determining means,  20 said difference checking means checks whether  21 a
difference between the propagation losses falls within  22 a predetermined
allowable range, and 23 said failure determining means determines that  24
a transmitter/receiver of at least one of said 25 communication terminal
and main apparatus has a failure,  26 if said difference checking means
determines that the  27 difference falls outside the allowable range. 3. A
failure detecting device according to  2 claim 2, characterized in that if
said difference - 31  3 checking means determines that the difference falls
4 outside the allowable range for all of said plurality of  5 communication
terminals, said failure determining means  6 determines that a
transmitter/receiver of said main 7 apparatus has a failure. 



4. A failure detecting device according to  2 claim 2, characterized in
that if said difference 3 checking means determines that the difference
falls 4 outside the allowable range for some of said plurality  5 of
communication terminals, said failure determining 6 means determines that a
transmitter/receiver of each of  7 said communication terminals, which is
found to fall 8 outside the allowable range has a failure. 5. A failure
detecting device according to  2 claim 3, characterized in that if it is
determined that  3 a propagation loss of a propagation path to said main 4
apparatus is smaller than a propagation loss of a 5 propagation path to
each communication terminal, said 6 failure determining means determines
that a receiver of  7 said main apparatus has failed, and, otherwise, said
8 failure determining means determines that a transmitter  9 of said main
apparatus has failed. 6. A failure detecting device according to  2 claim
4, characterized in that if it is determined that  3 a propagation loss of
a propagation path to said main 4 apparatus is smaller than a propagation
loss of a 5 propagation path to each communication terminal, said - 32  6
failure determining means determines that a transmitter  7 of a
communication terminal found to fall outside the 8 allowable range has
failed, and, otherwise, said failure  9 determining means determines that a
receiver of a 10 communication terminal found to fall outside the  



11 allowable range has failed. 7. A failure detecting device according to
2 claim 1, characterized in that if it is determined that  3 a propagation
loss of a propagation path to said main 4 apparatus is equal to a
propagation loss of a 5 propagation path to each communication terminal,
said  6 failure determining means determines that said 7 communication
terminal and main apparatus are normal.  8. A failure detecting device
according to  2 claim 1, characterized by further comprising failure  3
notifying means for notifying said communication 4 terminal of a detected
failure. 


