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RADIO LOOP-BACK TEST METHOD HAVING IMPROVED

RELIABILITY AND A SYSTEM USING THE TEST METHOD

Background of the Invention:

This invention relates to a radio loop-back test
method for confirming normality 1in operation of a fadio
apparatus and to a radio loop-back test system using the
test method.

| In the manner knowh in the art, a radio loop-back
test for the radio apparatus is carried out in order to
confirm the normality of the entire apparatus including
not only a control éortion but also a radio portion.

As an example of the radio apparatus, a conven-
tional radio telephone apparatus is disclosed in Japanese
Unexamined Patent Publiqation No. 244054/93 and comprises
a transﬁitter and a receiver. ’On carrying out the radio
loop-back test for the radio telephone apparatus, the

transmitter carries out a transmitting operation to

- transmit a radio signal in response to a transmission

signal on a transmission time slot known in the art. The
receiver carries out a receiving operation to receive the
radio signal and préduces a réception signal. With
comparison the reception signal with the Lransmission
signal, it is possible to judge about whether or nét the

radio telephone apparatus has a normal operation.



It is assumed as a particular case where an érror
or an interference is produced during the radio loop-back
test by an external interference wave and is superposed
on the reception signal. In the éarticular case, it is
judged that the radio telephone apparatus does not have
the normal operation even when both of the transmitting
and the receiving opeiations are normal. This results
in lowering reliability of the radio loop-back test.

More particularly, if it is judged as a result of the
radio loop-back test that the radio telephone apparatus
does not have the normal operation, discrimination is
impossible whether an abnormality of the apparatus or the
interference causes the érror. |

Summary of the Invention:

It is therefore an object of this invention to
provide a radio loop-back test method and a radio loop-
back test system which are capablé of reliab;y judging
the normality of a radio apparatus.

It is andther object of £his invention to improve
reliability of a rgéio loop-back test so as to improve
the maintenability of a radio apparatus.

Other objects of this invention wilk become clear
as the description proceeds.

According to an aspect of this invention, there
is provided a radio loop-back test method for a radio
apparatus comprising a transmitter for transmitting a
first radio signal in response to a transmission signal

and a receiver for receiving a second radio signal to



produce a reception signal. The method comprises the
steps of carrying out a loop-back test with reference to
the transmission and the reception signals with making
the transmitter transmit the first radio signal,
detecting presence and absence of an interference on the
second radio signal by the use of the reception signal
with inhibiting the tranémitter to transmit the first
radio signal, and judging in response to the presence and
the absence of the interference about whether oi not the
loop-back test has a result available.

According to another aspect of this inﬁention,
there 1is provided a radio loop-back test method for a
radio apparatus comprising a transmitter for transmitting
a first radio signal in response to a transmission signal
and a receiver for receiving a second radio signal to
produce a reception signal. The method comprises the
steps of comparing the receétion signal with the trans-
mission signal to produce a comparison result signal,
detecting whether or not the reception signal has an
interference component unrelated with the first radio
signal and producing an interference detection signal
--when the reception signal has the interferencé component,
and cqntrolling the comparison result signal in accord-
ance with presence and absence of the interference
detection signal.

According to still another aspect of this

invention, there is provided a radio loop-back test

system for a radio apparatus comprising a transmitter for



transmitting a first radio signal in response to a
transmission signal and a receiver for receiving.a second
radio signal to produce a reception signal. The system
comprises a comparing portion connected to the trans;
mitter and the receiver for cbmparing the reception
signal with the transmission'signal to produce a
comparison result signal, an interference detection
portion connected to the receiver and responsive to the
reception signal for detecting whether or not the
reception signal has an interference component unrelated
with the first radio signal, the interference detection
portion producing an interference detection signal when
the reception signal has the interference component, and
an output control portion connected to the comparing
portion and the interference detection portion for
controlling the comparison resultlsignal in accordance
with presence and absence of the interference detection
signal.

According to yet another aspect of this
invention, there is provided a radio'loop—back test
system for a radio apparatus, comprising a transmitter
- for transmitting, upon transmission, a radio éignal
corresponding to a transmission signal, a receiver
received with the radio signal to produce a data signal
when transmission 1s performed by the transmitter and to
produce a field intensity signal when no transmission is
performed by the transmitter, an interference detection

portion connected to the receiver for detecting presence



or absence of an interference wave on the radio signal
with reference to the field intensity signai, the
interference detection portion producing an interference
detection signal, a comparing portion connected to the
transmitter and the receiver for comparing, as a loop-
back test, the data signal with the transmission signal
to produce a comparison result signal, and an output
control portion connected to the intefference detection
portion and the comparing portion and alternately
supplied with the interference detection_signal and
comparison result éignal for validating the comparison
result signal when the interference detection signal
indicates that no 1nterferénce wave ;s detected and for
invalidating the comparison result signal when the
interference detection signal indicates thatlthe
interference wave is detected.

Brief Description of the Drawing:

Fig. 1 is a block diagram of a radio apparatus
including an eariier radio loop—back test system;

Fig. 2 is a block diagram of a radio apparatus
including a radio loop-back test system according to an
- embodiment of this invention;

Fig. 3 is a timing chart for describing an
operation of the radio loop-back test system illustrated
in Fig. 2; and

Fig. 4 is a timing chart describing an operation
of a radio loop-back test system according to a second

embodiment of this invention.



- Description of the Preferred Embodiments:

Referring to Fig. 1, description will be made at
first as regards an earlier radio loop-back test system
and method for a better understanding of this invention.

The radio loop-back test system is for a radio
apparatus including a radio portion 11, a system control
portion 12, an input unit 13, and an output unit 14. The
radio portion 11 comprises a transmitter 15 and a
recelver 16. The system control portion 12 comprises a
transmission data producing portion 17 connected between
the transmitter 15 and the input unit 13, a signal
processing portion 18 connected between the receiver 16
and the output unit 14, and a comparing portion 19
connected to the input unit 13 and the signal processing
portion 18.

An input signal is supplied as a transmission
signal from the input unit 13 to the comparing portion 19
and the transmission data producing portion 17; The
input signal is donverted by the transmission data
producing portion 17 into a transmission data signal
synchronized with time slots. The transmission data
- signal may also be called a transmission_signél. The
transmission data signal is transmitted by the trans-
mitter 15 as a radio signal or a first radio signal.

A second radio signal or the above-mentioned
radio signal thus transmitted is received by the receiver
16 and delivered to the signal processing portion 18 as a

reception signal. The signal processing portion 18



converts the reception signal into an output signal.' The
output signal is supplied to the output unit 14 and the
‘comparing portion 19. The comparing portion 19 compares
the input signal with the output signal to produce a
comparison result signal representative of a result of
comparison. In other words, it is jﬁdged in the
comparing portion 19 that the radio apparatus is normal.

Referring to Fig. 2, the description will be made
as regard the radio loop-back test system according to an
embodiment of this invention. ‘

The radio loop-back test system 1is for a radio
apparatus of a TDD (time_division duplex) system or a
TDMA (time division multiple access) system in which
transmission and reception are carried out at the same
frequency. The radio apparatus comprises similar parts
designated by_like reference numerals.

In the manner which will presently be described,
the radio looé—back test system comprises a transmit-
ter/receiver control portion 21, a comparing portion 22,
an interference detection portion 23, and output control
portion 24.

'The transmitter/receiver control éortion 21 is
connected to the transmitter 15 and the receiver 16 and
is for producing a transmission control signal and a
reception control signal each of which can be turned
between ON and OFF as will later become clear.

Responsive to the transmission contfol signal,

the transmitter 15 controls a transmission of the first



radio signal. When the transmission control signal is
turned ON, the transmitter 15 permits through a trans-
mission antenna 25 to transmit the first radio signal
carrying a transmission data in the manner known in the
art. When the transmission control signal is turned OFF,
the traﬁsmitter 15 inhibits the transmission of the first
radio signal. 1In this event, the transmitﬁer/receiver
control portion 21 serves as a transmission control
arrangement for controlling the transmitter 15 to
intermittently transmit the first radio signal at a first
predetermined time interval.

Responsive to the receptionlcontrol signal, the
recelver 16 controls a recéption of tpe second radio
signal. When the reception control signal is turned ON,
the receiver 16 permits through a reception antenna 26 to
receive the second radio signal that may be similar to
the first radio signal. Received with the second radio
signal, the receiver 16 produces a demodulated signal and
a field intensity signal which are colléctively called
herein the reception signal. The demodulated signal
corresponds to the transmission data. The field
- intensity signal is representative of a recepﬁion f;eld
intensity known in the art. When the reception control
signal is tunedIOFF, the receiver 16 inhibits the
reception of the second radio signal. In this event, the
transmitter/receiver control portion 21 serves as a
reception control arrangement for controlling the

receiver 16 to intermittently receives the second radio



signal at a second predetefmined time interval.

The comparing portion 22 is confiected to the
receiver 16 end the transmission data producing portion
17 and is for carrying out signal comparison between the
demodulated signal and the transmission signal or the
transmission data to produce a comparison result signal
representative of a result of the signal comparison.

More particularly, the comparing portion-22 judges
whether or not an error is present betﬁeen the demodu-
lated signal and the transmission signal. When the error
is present betweenlthe demodulated signal and the
transmission signai, the comparing portion 22 produces an
error detection signal as the comperison result signal.

The interference detection portion 23 is
connected to thé recelver 16 and responsive to the
reception signal and is for detecting whether or not the
f;eld intensity signal has an interference component
unrelated with the first radio signal. The interference
detection portioﬁ 23 produces an interference detection
signel when the fleld intensity signal has the interfer-
ence component. More particulafly, the interference
- detection portion 23 carries out intensity coﬁparison
between the reception field intensity end a predetermined
intensity. When the reception field intensity is greater
than the predetermined intensity, the interference
detection portion 23 produces the interference detection
signal that is representative of a result of the

intensity comparison.
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The output control portion 24 is connected to the
comparing portion 22 and the interference detection
portion 23 and is for controlling the comparison result
signal in accordance with presence and absence of the
interference detection signal. More particularly, the
output control portion 24 Jjudges the presence of an
interference to invalidate the comparison result signal
when the interference detection signal is produced to
indicate that the reception field intensity is greater
than the predetermined intenéity. Otherwise, the output
control portion 24 judges the absence of the interference
to validate the comparison result signal.

Operation of each portion described above,
including its timing, is controlled by a control unit
which is not shown in figure.

Referring to Fig. 3 together with Fig. 2, the
description will be directed to an operation of the radilo
loop-back test system. In the example illustrated in.
Fig. 3, each of a first, a second, a third frame is
composed of first, second, third, and fourth time slots
TS1l, TsS2, TS3, TS4. By way of description, illustrated
-1s the case where the radio loop-back test is carried out
for a time slot TS2.

At first, in the first frame, the transmitter/re-
ceiver control portion 21 produces the transmission
control signal and.the reception control signal and turns
ON the transmitter 15 and the receiver 16 in synchronism

with the second time slot TS2. At this time, the first
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radio signal is supplied as the second radio signal to
the receiver 16 through the reception antenna 26. The
result of demodulation is supplied to the comparing
portion 22 as the demodulation signai. The comparing
portion 22 detects whether or not the error is present in
the result of demodulation.

The above-mentioned detection of the error in the
result of demodulation 1s carried out by comparing the
transmission data with the demodulation signal. |
Alternatively, an error deteciion code may'be'added to
the transmission data. In this case, the comparing
portion 22 detects the error by meané.of the error
detection code. | :

Presence or absence of the errdr in the result of
demodulation is thus detecied in the comparing portion 22
and is notified to the output control portion 24 by the
error detection signal.

In the second time slot TS2 of a subsequent frame
or the second fréme, the transmitter 15 is turned OFF and
the receilver 16 alone is turned ON. The receiver 16
receives a test frequency used in the 1oop—back'test and
--delivers the field intensity signal to the 1n£erference
detection portion 23. The interference detection portion
23 compares the field intensity signal with a predeter-
mined threshold level. The interference detection signal
representative of "presence of the interference" and
"absence of the interference" is supplied to the output

control portion 24 when the reception field intensity is
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higher and lower than the predetermined intensity,
respectively. -

Each operation described above is repeatedly
carried out a predetermined number of times. Thereafter,
when the error is present in the result of the loop-back
test and when the interference is not detectéd, the
output control portion 24 judges that the radio apparatus
has a defect. When the interference is detected even
once, the loop-back test is invalidated.

Next referring to Fig. 4 together with Fig. 2,
the description will be made as regards a radio loop-back
test system according to a second embodiment of this
invention. The radio loop-back test_systém is different
from the :adio loop-back test system of Figs. 2 and 3
only in timing of the interference detection in the |
interference detection portion 23.

In response to the transmission and the reception
control signals, the transmitter 15 and Lhe recelver 16
repeatedly carry.out the loop-back test for alternate
frames in those time slots assigned to the loop-back
test. In the other time slots in which no loop-back test
.-1s carried out, the transmitter 15 alone is turned OFF
while the loop-back test frequency 1is continuously
received to detect an interference wave. During the
above-mentioned operation, detection of the interference
wave is carried out in the interference detection portion
23. In the manner similar to the first embodiment, the

output control portion 24 judges whether the result of
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the radio loop-back test is validated or invalidated with
referenqe to the presence or absence of the interference
wave.

In the second embodiment having the structure
described above, the detection of the interference is
carried out in those time slots in which no 1oop—back
test is carried out. The detection of the interference
wave is carried out both in the frames in which the loop-
back test is carried out and in the frames in which no
loop-back test is carried out. It is-therefore'possible
to detect the interference wave, such as the interference
wave from a different system, which is not synchronized
with the time slots being used. It is thus possible to
prevent incorrect detection of the defect of the
apparatus under the influence of such interference wave.

With the above-mentioned structure, this inven-
tion exhibits the following effect. During the loop-back
test, detection of the interference wave against the the
loop-back test frequency is intermittently carried out.
When the interference wave is detected, the result of the
test is neglected even if the error is present therein.
.-The result of the tést is validated only when-no inter-
ference wave is detected. It is therefore possible to
accurately judge the normality of the apparatus and to
improve the maintenability of the radio apparatus.

While the present invention has thus far been
described in connection with a few embodiments thereof,

it will readily be possible for those skilled in the art
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to put this invention.into practice in various other
manners.

As described in conjunction with the above
embodiments, the loop-back test judging portion judges
the result of the loop-back test upon detection of the
interference wave in the manner such that the loop-back

dtest is invalidated when the interference is detected
even once. This approach is based on the assumption that
the interference occurs successively. In an environment
such that an instantaneous 1nterferen¢e occurs, the
results of the loop—back test for a particular number of
preceding and succeeding frames around a specific frame
in which the interference wave is detec;ed.may be
neglected as "presence of the interfereﬁce“. The resultis
of the loop-back test for the other slots alone are
validated.

In each embodiment, description is directed to
the radio apparatus of a TDD-TDMA system. In the TDD
system, ﬁhe tranémitter output and the reception
frequency at the receiver are equal to each other so that
this invention is implemented in a relatively simple

- structure. This system is thus sultable for ﬁhe purpose
of description.

In case of a frequency division multiple access
system, the frequency signal different from the trans-
mission output is received._'In this case also, reception
can be carried out by the use of.a loop-back test

reception unit for receiving the signal of the same
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frequency as the transmitter output. The loop-back test
and the detection of the interference are alternately
carried out at a predetermined interval. Thus, the
loop-back test taking into account the interference
condition can be carried out in the manner similar to
the above-mentioned embodiments. In this case, the
tranémitter/receiver control portion hay deliver the
transmission control signal and the reception control
signal also to the loop-back test judging portion. In
response to these signal, the loop-back test judging
portion confirms whether a current test being executed is

the loop-back test or detection of the interference.
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- WHAT IS CLAIMED IS:

1. A radio loop-back test method for a radio
apparatus comprising a transmitter for transmitting a
first radio signal-in reéponse to é transmission signal
and a recelver for receiving a second radio signal to
produce a reception signal, said method comprising the
steps of: |

carrying out a loop-back test with reference tb
said transmission and said reception signals'with making
said transmitter transmit said first radio signal;

detecting presence and absence of an interference
on said sedond radio signal by ﬂhe use of said reception
signal with inhibiting said transmitter to transmit said
first radio signal; and |

judging 1n response to sald presence and said
absence of the interference about whether or not said
loop-back test has a result available.

2. A radio loop-back test method as claimed in
claim 1, further comprising the step of alternately
repeating the carrying out and the detecting steps.

3. A radio loop-back test method as ciaimed in
claim 2, wherein the judging step invalidates said result
of the loop-back test in each of the carrying out steps
when said presence of the interference is detected in at
least one of the detecting steps.

4. A radio loop-back test method as claimed in

claim 2, wherein, when sald presence of the interference

-

| A
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is detected in one of the detecting steps, the judging
step invalidates said result of the loop-back test in
each of the carrying out steps of a predetermined number
of preceding and succeeding said one of the detecting
step.

5. A radio loop-back tes£ method for a radio
apparatus comprising a transmitter for transmitting a
first radio signal in response to a transmission signal
and a receiver for receiving a second radio signal to
produce a reception signal, said method comprising the
steps of:

comparing said reception signal with said
transmission signal to produée a comparigon result
signal; |

detecting whether or not said.reception signal
has an interference component unrelated with said first
radio signal and producing an interference deteétion
signal when said reception signal has said interference
component; and |

controlling said comparison result signal in
accordance with presence and absence of said interference

- detection signal. |

6. A radio loop-back test method as claimed in
claim 5, further comprising the step .of controlling said
transmitter to intermittently transmit séid first radio
signal at a first predetermihed time interval.

7. A radio loop-back test method as claimed in

claim 6, further comprising the step of controlling said

T
ULl
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receiver to intermittently receive said second radio
signal at a second predetermined time interval.

8. A radio loop-back test system for a radio
apparatus comprising'a_transmitter for transmitting a
first radio signal in response to a transmission signal
and a receiver for receilving a second radio signal to
produce a reception signal, said system comprising:

.a comparing portion connected to said transmittei
and sald receiver for comparing said reception signal
with said transmission signal to'produce a comparison
result signal;

an interference detection portion connected to
sald receiver and responsive to sald reception signal for
detecting whether or not said reception signal has an
interference component unrelated with said first radio
signal, said interference detection portion producing an
interference detection signal when said reception signal
has said interference component; and

an outpu£ control portion connected to said
comparing portion and said interference detection portion
for controlling said comparison result signal in

..accordance with presence and absence of said interference
detection signal.

9. A radio loop-back test system as claimed in
claim 8, further comprising transmission control means
connected to said transmitter for controlling said
transmitter to intermittently transmit said first radio

signal at a first predetermined time interval.

AN
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10. A radio loop-back test system as claimed in
- claim 9, further comprising reception control means
connected to said receiver for controlling said receiver
to intermittently receive said second radio signal at a
second predetermined time interval.

11. A radio loop-back test system as claimed in
claim 9; wherein said recelver produces as said reception
signal, when said transmitter transmits said first radio
signal, a data signal representative of a datum and; when
sald transmitter does not transmit said first radio
signal, a field intensity signal representative of a
reception field intensity, wherein said comparing portion
is responsive tb said data signal as sald reception
signal, said interference detection portion is responsive
to said field intensity signal as sald reception signal.

12. A radio loop-back test system for a radio
apparatus, comprising:

a transmitter for transmitting, upon transmis-
sion, a radio signal corresponding to a transmission
signal; |

a receiver received with sald radio signal to

..produce a data signal when transmission is pefformed by
sald transmitter and to produce a field intensity signal
when no transmission is performed by said transmitter;

an interference detection portion connected to
salid receiver for detecting presence or absence of an

inierference wave on said radio s'ignal with reference to

N R
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said field intensity signal, said interference detection
portidn producing an interference detection signal;

a comparing portion connected to said transmit-
ter and said receiver for comparing, as a loop-back test,
said data signal with said transmission signal to produce
a comparison result signal; and

an output control portion connected to said
interference detection portion and said comparing portion
and alﬁernately supplied with said interference detection
signal and comparison result signal for validating said
comparison result signal when said interference detection
signal indicates that no interference wave is detected
and for invalidating said comp§rison.resu;t signal when
said interference detection signal indicaies that the
interference wave is detected. .

13. A radio loop-back test system for a radio
apparatus as claimed in claim 12, wherein said loop-back
test carried out for a first time period and said
detection of the interference wave carried out for a
second time period are repeated a predetermined number of
times.

14. A radio loop-back test system foria iadio
apparatus as claimed in claim 13, wherein sald loop-back
test judging portion invalidates all loop-back test
results when the interference wave is detected.

15. A radio 1oop—baék test system for a radio
apparatus as claimed in claim 13, wherein said loop-back

test judging portion invalidates a predetermined number

-_
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of preceding and succeeding loop-back test results when

the interference wave is detected. B
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