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ARRAY ANTENNA RECEIVING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] The present inventions relates to an array antenna 
receiving apparatus for removing interference by controlling 
directivity of an antenna, and especially, to an array antenna 
receiving apparatus for conducting calibration of a plurality 
of radio receiving sections. 

[0002] In a cellar mobile communication system and so 
forth, in order to aim at high speed and high quality of a 
signal, and increase of a capacity of members, a method of 
forming a reception directivity pattern has been investigated, 
in Which, using an array antenna receiving apparatus con 
sisting of a plurality of antenna elements, a reception gain is 
increased for a direction along Which a desired signal comes, 
and a reception gain is decreased for interference from other 
users and interference due to a delay Wave. 

[0003] By the Way, in the array antenna receiving appa 
ratus, since generally an amplitude variation and a phase 
variation in a radio receiving section for each antenna 
element are individually different from each other, it is 
necessary to compensate those amplitude variation and 
phase variation in forming the reception directivity pattern. 
This operation called calibration. 

[0004] In the array antenna receiving apparatus for con 
ducting this kind of calibration, for example like a calibra 
tion device in an array antenna radio receiving apparatus 
disclosed in JP-A-46180/1999, amplitude and phase infor 
mation for compensation is obtained by inputting knoWn 
calibration signals to each radio receiving section and mea 
suring an amplitude variation and a phase variation. 

[0005] FIG. 6 is a block diagram shoWing one arrange 
ment example of a conventional array antenna receiving 
apparatus for conducting calibration. 

[0006] As shoWn in FIG. 6, this conventional example is 
constructed of an array antenna 601 consisting of a plurality 
of antenna elements 602-1 to 602-N, multiplex circuits 
603-1 to 603-N for multiplying calibration signals by signals 
received at the antenna elements 602-1 to 602-N and out 
putting them, Which are provided in accordance With the 
antenna elements 602-1 to 602-N, respectively, radio receiv 
ing sections 604-1 to 604-N for conducting reception pro 
cessing of signals output from the multiplex circuits 603-1 
to 603-N, Which are provided in accordance With the antenna 
elements 602-1 to 602-N, respectively, a detection circuit 
611 to Which signals output from the radio receiving sections 
604-1 to 604-N are input, for detecting amplitude informa 
tion and phase information of the signals received at the 
antenna elements 602-1 to 602-N based on the input signals, 
user signal processing sections 605-1 to 605-M, provided by 
the number of users, for correcting the signals output from 
the radio receiving sections 604-1 to 604-N using the 
amplitude information and phase information detected at the 
detection circuit 611, and outputting them as demodulation 
signals for every user, a signal generator 607 for calibration, 
Which generates calibration signals, a radio transmitting 
section 608 for calibration, Which applies frequency con 
version to the calibration signals generated at the signal 
generator 607 for calibration, and outputting them, and 
poWer level variable circuit 609 for outputting the calibra 
tion signals output from the radio transmitting section 608 
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for calibration at arbitrary poWer levels, and the calibration 
signals output from the poWer level variable circuit 609 are 
multiplied by the signals received at the antenna elements 
602-1 to 602-N in the multiplex circuits 603-1 to 603-N. 

[0007] In the antenna elements 602-1 to 602-N constitut 
ing the array antenna 601, restrictions are not especially 
imposed on directivity Within a horiZontal plane and a 
perpendicular plane for a single antenna element, and for 
example, omini (non-directivity) and dipole (dipole direc 
tivity) can be given. The antenna elements 602-1 to 602-N 
are placed so that reception signals of the respective antenna 
elements 602-1 to 602-N have a correlation With each other, 
and receive signals in Which desired signals and a plurality 
of interference signals are multiplied. 

[0008] In the multiplex circuits 603-1 to 603-N, the cali 
bration signals output from the poWer level variable circuit 
609 are multiplied by the signals received at the antenna 
elements 602-1 to 602-N in a radio band by means of code 
multiplexing and so forth for example, and are output to the 
radio receiving sections 604-1 to 604-N. In addition, a 
multiplexing method here is not limited to the code multi 
plexing. Also, the calibration signals multiplied at the mul 
tiplex circuits 603-1 to 603-N can be extracted. 

[0009] The radio receiving sections 604-1 to 604-N are 
constructed of a loW-noise ampli?er, a band-limitation ?lter, 
a mixer, a local dial device, an AGC (Auto Gain Controller), 
a quadrature detector, a loW band pass ?lter, an analog/ 
digital converter and so forth. Here, in the radio receiving 
section 604-N for example, a signal output from the multi 
plex circuit 603-N is input thereto, and ampli?cation, fre 
quency conversion from a radio band to a baseband, quadra 
ture detection, analog/digital conversion and so forth of the 
input signal are conducted, and the signal is output to the 
user signal processing sections 605-1 to 605-M and the 
detection circuit 611. Generally, to make poWer levels of 
output signals constant independent of poWer levels of input 
signals for each of the radio receiving sections 604-1 to 
604-N, an AGC that is a non-linear circuit is used. 

[0010] In the detection circuit 611, signals output from the 
radio receiving sections 604-1 to 604-N are input thereto, 
and calibration signals are extracted from the input signals, 
and thereby, amplitude and phase information of the signals 
received at the antenna elements 602-1 to 602-N is detected. 
The detected amplitude and phase information is output to 
the signal processing sections 605-1 to 605-M. Here, the 
amplitude and phase information of the signals received at 
the antenna elements 602-1 to 602-N is detected by inves 
tigating variation quantity of amplitude and phase of the 
calibration signals in the radio receiving sections 604-1 to 
604-N. 

[0011] In the user signal processing sections 605-1 to 
605-M, the signals output from the radio receiving sections 
604-1 to 604-N and the amplitude and phase information 
detected at the detection circuit 611 are input thereto, and the 
signals output from the radio receiving sections 604-1 to 
604-N are corrected based on the amplitude and phase 
information detected at the detection circuit 611, and 
thereby, a reception directivity pattern is formed such that, 
for each user, a reception gain is increased for a direction 
along Which a user signal comes, and a reception gain is 
decreased for interference from other users and interference 
due to a delay Wave, and demodulation signals received by 
means of the reception directivity pattern are output. 
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[0012] In the signal generator 607 for calibration, calibra 
tion signals are generated in a base band, and the generated 
calibration signals are output to the radio transrnitting sec 
tion 608 for calibration. 

[0013] In the radio transrnitting section 608 for calibra 
tion, the calibration signals in the base band, Which Were 
output from the signal generator 607 for calibration, are 
input thereto, and digital/analog conversion, frequency con 
version frorn a base band to a radio band and so forth are 
applied to the input calibration signals, and these calibration 
signals are output to the poWer level variable circuit 609 as 
calibration signals having a frequency band same as the 
signals received at the antenna elernents 602-1 to 602-N. 

[0014] In the poWer level variable circuit 609, the calibra 
tion signals output from the radio transrnitting section 608 
for calibration are output to the multiplex circuits 603-1 to 
603-N at arbitrary poWer levels. 

[0015] BeloW, an operation of the array antenna receiving 
apparatus arranged as described above Will be explained. 

[0016] In each signal received at the antenna elernents 
602-1 to 602-N, a desired (user) signal component and an 
interference signal component, and a thermal noise are 
included. Further, rnulti-path components are included in the 
desired signal component and the interference signal corn 
ponent, respectively. Usually, those signal cornponents come 
from directions different from each other. 

[0017] In the array antenna receiving apparatus shoWn in 
FIG. 6, using the amplitude and phase information of each 
signal received at the antenna elernents 602-1 to 602-N, the 
respective signal components which come from directions 
different from each other are distinguished from each other, 
and a reception directivity pattern is formed. 

[0018] At that time, in case that an amplitude and phase of 
reception signals inside the radio receiving sections 604-1 to 
604-N are changed by each circuit included in the radio 
receiving sections 604-1 to 604-N, inforrnation different 
from the amplitude and phase information of each signal 
received at the original antenna elernents 602-1 to 602-N is 
provided to the user signal processing sections 605-1 to 
605-M, and it becomes impossible to exactly distinguish the 
signal components from each other, and to form a reception 
directivity pattern. 

[0019] Accordingly, the calibration signals having a fre 
quency band same as the signals received at the antenna 
elernents 602-1 to 602-N are multiplied by the reception 
signals, and in the detection circuit 611, the calibration 
signals are extracted from the signals output from the radio 
receiving sections 604-1 to 604-N, and amplitude and phase 
information of the reception signals is detected based on a 
variation of the amplitude and phase of those calibration 
signals, and thereby, correction is applied to the amplitude 
and phase information of the reception signals input to the 
user signal processing sections 605-1 to 605-M. 

[0020] Also, in non-linear controllers (especially in 
AGCs) included in the radio receiving sections 604-1 to 
604-N, since manners of a variation of the amplitude and 
phase of the reception signals are different from each other 
dependent on poWer levels of the reception signals, the 
calibration signals of the respective outputs from the radio 
receiving sections 604-1 to 604-N are extracted While poWer 
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levels of the calibration signals are changed by means of the 
poWer level variable circuit 609, amplitude and phase infor 
rnation of the reception signals is detected based on a 
variation of the amplitude and phase of those calibration 
signals, and thereby, correction quantity to be applied to the 
amplitude and phase information of the reception signals 
input to the user signal processing sections 605-1 to 605-M 
is determined for every poWer level of each calibration 
signal. 

[0021] In the array antenna receiving apparatus having 
such calibration rneans, even though the amplitude and 
phase of the reception signals are changed inside the radio 
receiving sections 604-1 to 604-N When the array antenna 
receiving apparatus Works, the amplitude and phase infor 
rnation of the reception signals input to the user signal 
processing sections 605-1 to 605-M can be corrected. Also, 
When the apparatus does not Work, calibration can be 
conducted With high accuracy in accordance With the poWer 
levels of the reception signals. 

[0022] In this manner, in this conventional example, by 
using the amplitude and phase information of each signal 
received at the antenna elernents 602-1 to 602-N, it is 
possible to exactly distinguish the signal components from 
each other, which come from directions different from each 
other, and to form a reception directivity pattern. 

[0023] Generally, in the array antenna receiving apparatus 
having the plurality of antenna elernents, When it Works, the 
poWer levels of the reception signals are changed in time for 
each antenna element. 

[0024] Here, in the above-mentioned conventional array 
antenna receiving apparatus, since an arnpli?cation rate is 
automatically controlled in the AGC Within the radio receiv 
ing sections so that a sum of the poWer levels of the 
reception signals and the poWer levels of the calibration 
signals becornes constant, in case that the poWer levels of the 
reception signals are changed, even though the calibration 
signals having constant poWer levels are input to the radio 
receiving sections, the poWer levels of the calibration signals 
included in the signals output from the radio receiving 
sections becorne un?xed. 

[0025] During calibration, the calibration signals input to 
the respective radio receiving sections are compared With 
the calibration signals included in the signals output from 
the respective radio receiving sections, and thereby, ampli 
tude and phase variations of the calibration signals in the 
respective radio receiving sections are detected, and based 
on this detection result, amplitude and phase information of 
the signals received at the antenna elernents 602-1 to 602-N 
is detected. 

[0026] HoWever, if, as mentioned above, the poWer levels 
of the calibration signals included in the signals output from 
the respective radio receiving sections becorne un?xed, it is 
not possible to exactly detect the amplitude and phase 
variations of the calibration signals in the respective radio 
receiving sections, and the calibration cannot be conducted 
With high accuracy. 

SUMMARY OF THE INVENTION 

[0027] The present invention is made to solve the above 
rnentioned problerns. 
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[0028] An objective of the present invention is to provide 
an array antenna receiving apparatus capable of conducting 
calibration With high accuracy even in an operation. 

[0029] In order to accomplish the above-described objec 
tive, an array antenna receiving apparatus of the present 
invention has an array antenna consisting of N (N is an 
integer more than or equal to 1) antenna elements, N radio 
receiving sections for conducting reception processing of 
signals received at the above-described antenna elements, 
calibration means for multiplying calibration signals by the 
signals received at the above-described antenna elements, 
extracting the above-described calibration signals from sig 
nals output from the above-described radio receiving sec 
tions, and detecting amplitude and phase information of the 
signals received at the above-described antenna elements 
based on the extracted calibration signals, and M (M is an 
integer more than or equal to 1) user signal processing 
sections for correcting the signals output from the above 
described radio receiving sections based on the amplitude 
and phase information detected at the above-described cali 
bration means, and outputting them as demodulation signals, 
and 

[0030] it is characteriZed in that the above-described cali 
bration means multiplies the above-described calibration 
signals by the signals received at the above-described 
antenna elements at poWer levels determined based on 
poWer levels of the signals output from the above-described 
radio receiving sections. 

[0031] Also, the above-described calibration means is 
characteriZed in that it has: 

[0032] N multiplex circuits for multiplying calibra 
tion signals by the signals received at the above 
described antenna elements; 

[0033] a signal generator for calibration, Which gen 
erates the above-described calibration signals; 

[0034] a signal radio transmitting section for calibra 
tion, Which applies frequency conversion to the 
calibration signals generated at the above-described 
signal generator for calibration and outputs the cali 
bration signals having a frequency band same as a 
frequency of the signals received at the above 
described antenna elements; 

[0035] a signal processing section for calibration, 
Which extracts the above-described calibration sig 
nals from the signals output from the above-de 
scribed radio receiving sections, detects amplitude 
and phase information of the signals received at the 
above-described antenna elements based on the 
extracted calibration signals, and outputs control 
signals for controlling poWer levels of the above 
described calibration signals based on poWer levels 
of the signals output from the above-described radio 
receiving sections; and 

[0036] N poWer level variable circuits for outputting 
the calibration signals output from the above-de 
scribed signal radio transmitting section for calibra 
tion at poWer levels based on the control signals 
output from the above-described signal processing 
section for calibration, and 
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[0037] the calibration signals output from the above 
described poWer level variable circuits are multiplied 
by the signals received at the above-described 
antenna elements in the above-described multiplex 
circuits. 

[0038] The above-described calibration means is charac 
teriZed in that it has: 

[0039] N multiplex circuits for multiplying calibra 
tion signals by the signals received at the above 
described antenna elements; 

[0040] a signal generator for calibration, Which gen 
erates the above-described calibration signals; 

[0041] a signal radio transmitting section for calibra 
tion, Which applies frequency conversion to the 
calibration signals generated at the above-described 
signal generator for calibration and outputs the cali 
bration signals having a frequency band same as a 
frequency of the signals received at the above 
described antenna elements; 

[0042] a signal processing section for calibration, 
Which extracts the above-described calibration sig 
nals from the signals output from the above-de 
scribed radio receiving sections, detects amplitude 
and phase information of the signals received at the 
above-described antenna elements based on the 
extracted calibration signals, and outputs control 
signals for controlling poWer levels of the above 
described calibration signals based on poWer levels 
of the signals output from the above-described radio 
receiving sections; 

[0043] K (K is an integer more than or equal to 1 and 
less than N) poWer level variable circuits for output 
ting the calibration signals output from the above 
described signal radio transmitting section for cali 
bration at poWer levels based on the control signals 
output from the above-described signal processing 
section for calibration; and 

[0044] a selection and branch circuit for selecting the 
calibration signals output from the above-described 
poWer level variable circuits, and distributing and 
outputting them to the above-described N multiplex 
circuits, and 

[0045] the calibration signals output from the above 
described selection and branch circuits are multi 
plied by the signals received at the above-described 
antenna elements in the above-described multiplex 
circuits. 

[0046] Also, the above-described signal processing sec 
tion for calibration is characteriZed in that it outputs the 
control signals such that the poWer levels of the calibration 
signals extracted from the signals output from the above 
described radio receiving sections becomes to be constant. 

[0047] Also, the above-described signal processing sec 
tion for calibration is characteriZed in that it recogniZes a 
ratio of the signals output from the above-described radio 
receiving sections and the calibration signals extracted from 
the above-described signals using a bit error rate of the 
calibration signals extracted from the signals output from the 
above-described radio receiving sections. 
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[0048] Also, an array antenna receiving apparatus has an 
array antenna consisting of N (N is an integer more than or 
equal to 1) antenna elements, N radio receiving sections for 
conducting reception processing of signals received at the 
above-described antenna elements, calibration means for 
multiplying calibration signals by the signals received at the 
above-described antenna elements, extracting the above 
described calibration signals from signals output from the 
above-described radio receiving sections, and detecting 
amplitude and phase information of the signals received at 
the above-described antenna elements based on the extracted 
calibration signals, and M (M is an integer more than or 
equal to 1) user signal processing sections for correcting the 
signals output from the above-described radio receiving 
sections based on the amplitude and phase information 
detected at the above-described calibration means, and out 
putting them as demodulation signals, and 

[0049] it is characteriZed in that the above-described cali 
bration means multiplies the above-described calibration 
signals by the signals received at the above-described 
antenna elements at poWer levels determined based on 
poWer levels of the signals received at the above-described 
antenna elements. 

[0050] Also, the above-described calibration means is 
characteriZed in that it has: 

[0051] N multiplex circuits for multiplying calibra 
tion signals by the signals received at the above 
described antenna elements; 

[0052] a signal generator for calibration, Which gen 
erates the above-described calibration signals; 

[0053] a signal radio transmitting section for calibra 
tion, Which applies frequency conversion to the 
calibration signals generated at the above-described 
signal generator for calibration and outputs the cali 
bration signals having a frequency band same as a 
frequency of the signals received at the above 
described antenna elements; 

[0054] a signal processing section for calibration, 
Which extracts the above-described calibration sig 
nals from the signals output from the above-de 
scribed radio receiving sections, detects amplitude 
and phase information of the signals received at the 
above-described antenna elements based on the 
extracted calibration signals, and outputs control 
signals for controlling poWer levels of the above 
described calibration signals based on poWer levels 
of the signals received at the above-described 
antenna elements; and 

[0055] N poWer level variable circuits for outputting 
the calibration signals output from the above-de 
scribed signal radio transmitting section for calibra 
tion at poWer levels based on the control signals 
output from the above-described signal processing 
section for calibration, and 

[0056] the calibration signals output from the above 
described poWer level variable circuits are multiplied 
by the signals received at the above-described 
antenna elements in the above-described multiplex 
circuits. 
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[0057] Also, the above-described calibration means is 
characteriZed in that it has: 

[0058] N multiplex circuits for multiplying calibra 
tion signals by the signals received at the above 
described antenna elements; 

[0059] a signal generator for calibration, Which gen 
erates the above-described calibration signals; 

[0060] a signal radio transmitting section for calibra 
tion, Which applies frequency conversion to the 
calibration signals generated at the above-described 
signal generator for calibration and outputs the cali 
bration signals having a frequency band same as a 
frequency of the signals received at the above 
described antenna elements; 

[0061] a signal processing section for calibration, 
Which extracts the above-described calibration sig 
nals from the signals output from the above-de 
scribed radio receiving sections, detects amplitude 
and phase information of the signals received at the 
above-described antenna elements based on the 
extracted calibration signals, and outputs control 
signals for controlling poWer levels of the above 
described calibration signals based on poWer levels 
of the signals received at the above-described 
antenna elements; 

[0062] K (K is an integer more than or equal to 1 and 
less than N) poWer level variable circuits for output 
ting the calibration signals output from the above 
described signal radio transmitting section for cali 
bration at poWer levels based on the control signals 
output from the above-described signal processing 
section for calibration; and 

[0063] a selection and branch circuit for selecting the 
calibration signals output from the above-described 
poWer level variable circuits, and distributing and 
outputting them to the above-described N multiplex 
circuits, and 

[0064] the calibration signals output from the above 
described selection and branch circuits are multi 
plied by the signals received at the above-described 
antenna elements in the above-described multiplex 
circuits. 

[0065] Also, the above-described signal processing sec 
tion for calibration is characteriZed in that it outputs the 
control signals such that a ratio of the poWer levels of the 
signals received at the above-described antenna elements 
and the poWer levels of the calibration signals output from 
the above-described poWer level variable circuits becomes 
to be constant. 

[0066] Also, an array antenna receiving apparatus has an 
array antenna consisting of N (N is an integer more than or 
equal to 1) antenna elements, N radio receiving sections for 
conducting reception processing of signals received at the 
above-described antenna elements, calibration means for 
multiplying calibration signals by the signals received at the 
above-described antenna elements, extracting the above 
described calibration signals from signals output from the 
above-described radio receiving sections, and detecting 
amplitude and phase information of the signals received at 
the above-described antenna elements based on the extracted 
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calibration signals, and M (M is an integer more than or 
equal to 1) user signal processing sections for correcting the 
signals output from the above-described radio receiving 
sections based on the amplitude and phase information 
detected at the above-described calibration means, and out 
putting them as dernodulation signals, and 

[0067] it is characteriZed in that the above-described cali 
bration rneans has: 

[0068] N rnultiplex circuits for rnultiplying calibra 
tion signals by the signals received at the above 
described antenna elernents; 

[0069] a signal generator for calibration, Which gen 
erates the above-described calibration signals; 

[0070] a signal radio transrnitting section for calibra 
tion, Which applies frequency conversion to the 
calibration signals generated at the above-described 
signal generator for calibration and outputs the cali 
bration signals having a frequency band same as a 
frequency of the signals received at the above 
described antenna elernents; 

[0071] a signal processing section for calibration, 
Which extracts the above-described calibration sig 
nals from the signals output from the above-de 
scribed radio receiving sections, detects amplitude 
and phase information of the signals received at the 
above-described antenna elernents based on the 
extracted calibration signals, and outputs control 
signals for controlling poWer levels of the above 
described calibration signals based on poWer levels 
of the signals output from the above-described rnul 
tiplex circuits; and 

[0072] N poWer level variable circuits for outputting 
the calibration signals output from the above-de 
scribed signal radio transrnitting section for calibra 
tion at poWer levels based on the control signals 
output from the above-described signal processing 
section for calibration, and 

[0073] the calibration signals output from the above 
described poWer level variable circuits are multiplied 
by the signals received at the above-described 
antenna elements in the above-described rnultiplex 
circuits. 

[0074] Also, an array antenna receiving apparatus has an 
array antenna consisting of N (N is an integer more than or 
equal to 1) antenna elernents, N radio receiving sections for 
conducting reception processing of signals received at the 
above-described antenna elernents, calibration means for 
rnultiplying calibration signals by the signals received at the 
above-described antenna elernents, extracting the above 
described calibration signals from signals output from the 
above-described radio receiving sections, and detecting 
amplitude and phase information of the signals received at 
the above-described antenna elernents based on the extracted 
calibration signals, and M (M is an integer more than or 
equal to 1) user signal processing sections for correcting the 
signals output from the above-described radio receiving 
sections based on the amplitude and phase information 
detected at the above-described calibration means, and out 
putting them as dernodulation signals, and 
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[0075] it is characteriZed in that the above-described cali 
bration rneans has: 

[0076] N rnultiplex circuits for rnultiplying calibra 
tion signals by the signals received at the above 
described antenna elernents; 

[0077] a signal generator for calibration, Which gen 
erates the above-described calibration signals; 

[0078] a signal radio transrnitting section for calibra 
tion, Which applies frequency conversion to the 
calibration signals generated at the above-described 
signal generator for calibration and outputs the cali 
bration signals having a frequency band same as a 
frequency of the signals received at the above 
described antenna elernents; 

[0079] a signal processing section for calibration, 
Which extracts the above-described calibration sig 
nals from the signals output from the above-de 
scribed radio receiving sections, detects amplitude 
and phase information of the signals received at the 
above-described antenna elernents based on the 
extracted calibration signals, and outputs control 
signals for controlling poWer levels of the above 
described calibration signals based on poWer levels 
of the signals output from the above-described rnul 
tiplex circuits; 

[0080] K (K is an integer more than or equal to 1 and 
less than N) poWer level variable circuits for output 
ting the calibration signals output frorn the above 
described signal radio transrnitting section for cali 
bration at poWer levels based on the control signals 
output from the above-described signal processing 
section for calibration; and 

[0081] a selection and branch circuit for selecting the 
calibration signals output from the above-described 
poWer level variable circuits, and distributing and 
outputting them to the above-described N rnultiplex 
circuits, and 

[0082] the calibration signals output from the above 
described selection and branch circuits are rnulti 
plied by the signals received at the above-described 
antenna elements in the above-described rnultiplex 
circuits. 

[0083] Also, the above-described signal processing sec 
tion for calibration is characteriZed in that it outputs the 
control signals such that a ratio of the poWer levels of the 
signals output from the above-described rnultiplex circuits 
and the poWer levels of the calibration signals output from 
the above-described poWer level variable circuits becomes 
to be constant. 

[0084] Also, the array antenna receiving apparatus is char 
acteriZed in that 

[0085] the above-described radio receiving section 
comprises automatic gain controlling means for 
keeping poWer levels of output signals constant 
independent of poWer levels of input signals, and 

[0086] the above-described signal processing section 
for calibration recogniZes the poWer levels of the 
signals output from the above-described rnultiplex 
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circuits based on gain information in the above 
described automatic gain controlling means. 

[0087] In the present invention arranged as described 
above, since the calibration signals to be multiplied by the 
signals received at the antenna elements are multiplied by 
the signals received at the antenna elements at the poWer 
levels such that the poWer levels of the calibration signals 
extracted from the signals output from the radio receiving 
section become constant, even in case that the poWer levels 
of the signals received at the antenna elements change in 
time, and in the radio receiving sections, output thereof are 
automatically controlled so that a sum of the poWer levels of 
the signals received at the antenna elements and the poWer 
levels of the calibration signals become constant, the poWer 
levels of the calibration signals extracted at the calibration 
means do not become un?xed, and thereby, in the calibration 
means, the amplitude and phase variations of the calibration 
signals in the radio receiving section are exactly detected, 
and in association thereWith, the amplitude and phase infor 
mation of the signals received at the antenna elements is 
exactly detected. Thereby, calibration is conducted With high 
accuracy even in an operation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0088] This and other objects, features and advantages of 
the present invention Will become more apparent upon a 
reading of the folloWing detailed description and draWings, 
in Which: 

[0089] FIG. 1 is a block diagram showing the ?rst 
embodiment of the array antenna receiving apparatus of the 
present invention; 

[0090] FIG. 2 is a block diagram shoWing the second 
embodiment of the array antenna receiving apparatus of the 
present invention; 

[0091] FIG. 3 is a block diagram shoWing the third 
embodiment of the array antenna receiving apparatus of the 
present invention; 

[0092] FIG. 4 is a block diagram shoWing the fourth 
embodiment of the array antenna receiving apparatus of the 
present invention; 

[0093] FIG. 5 is a block diagram shoWing the ?fth 
embodiment of the array antenna receiving apparatus of the 
present invention; and 

[0094] FIG. 6 is a block diagram shoWing one arrange 
ment example of the conventional array antenna receiving 
apparatus. 

DESCRIPTION OF THE EMBODIMENTS 

[0095] BeloW, embodiments of the present invention Will 
be explained referring to the draWings. 

[0096] (The ?rst embodiment) 
[0097] FIG. 1 is a block diagram shoWing the ?rst 
embodiment of an array antenna receiving apparatus of the 
present invention. 

[0098] As shoWn in FIG. 1, this embodiment is con 
structed of an array antenna 101 consisting of N (N is an 
integer more than or equal to 1) antenna elements 102-1 to 
102-N, multiplex circuits 103-1 to 103-N for multiplying 
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calibration signals by signals received at the antenna ele 
ments 102-1 to 102-N and outputting them, Which are 
provided in accordance With the antenna elements 102-1 to 
102-N, respectively, radio receiving sections 104-1 to 104-N 
for conducting reception processing of signals output from 
the multiplex circuits 103-1 to 103-N, Which are provided in 
accordance With the antenna elements 102-1 to 102-N, 
respectively, a signal processing section 106 for calibration, 
to Which signals output from the radio receiving sections 
104-1 to 104-N are input, and Which detects amplitude 
information and phase information of the signals received at 
the antenna elements 102-1 to 102-N based on the input 
signals, M (M is an integer more than or equal to 1)user 
signal processing sections 105-1 to 105-M, provided by the 
number of users, for correcting the signals output from the 
radio receiving sections 104-1 to 104-N using the amplitude 
information and phase information detected at the signal 
processing section 106 for calibration, and outputting them 
as demodulation signals for every user, a signal generator 
107 for calibration, Which generates calibration signals, a 
radio transmitting section 108 for calibration, Which applies 
frequency conversion to the calibration signals generated at 
the signal generator 107 for calibration, and outputting them, 
and poWer level variable circuits 109-1 to 109-N for out 
putting the calibration signals output from the radio trans 
mitting section 108 for calibration at arbitrary poWer levels 
Which are controlled at the signal processing section 106 for 
calibration, and the calibration signals output from the 
poWer level variable circuits 109-1 to 109-N are multiplied 
by the signals received at the antenna elements 102-1 to 
102-N in the multiplex circuits 103-1 to 103-N. In addition, 
calibration means is constructed of the multiplex circuits 
103-1 to 103-N, the signal processing section 106 for 
calibration, the signal generator 107 for calibration, the radio 
transmitting section 108 for calibration, and the poWer level 
variable circuits 109-1 to 109-N. 

[0099] In the antenna elements 102-1 to 102-N constitut 
ing the array antenna 101, restrictions are not especially 
imposed on directivity Within a horiZontal plane and a 
perpendicular plane for a single antenna element, and for 
example, omini (non-directivity) and dipole (dipole direc 
tivity) can be given. The antenna elements 102-1 to 102-N 
are placed so that reception signals of the respective antenna 
elements 102-1 to 102-N have a correlation With each other, 
and receive signals in Which desired signals and a plurality 
of interference signals are multiplied. 

[0100] In the multiplex circuits 103-1 to 103-N, the cali 
bration signals output from the poWer level variable circuits 
109-1 to 109-N are multiplied by the signals received at the 
antenna elements 102-1 to 102-N in a radio band, and are 
output to the radio receiving sections 104-1 to 104-N. 

[0101] Here, there is no limitation on a multiplexing 
method in the multiplex circuits 103-1 to 103-N, and for 
example, code multiplexing is given. In case of the code 
multiplexing, a poWer adder that operates in a radio band can 
be used for the multiplex circuits 103-1 to 103-N. Also, it is 
preferable to use a directional coupler for the multiplex 
circuits 103-1 to 103-N so that the calibration signals are not 
radiated from the antenna elements. Also, the calibration 
signals multiplied at the multiplex circuits 103-1 to 103-N 
can be extracted. 

[0102] The radio receiving sections 104-1 to 104-N are 
constructed of a loW-noise ampli?er, a band-limitation ?lter, 
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a mixer, a local dial device, an AGC (Auto Gain Controller), 
a quadrature detector, a loW band pass ?lter, an analog/ 
digital converter and so forth. Here, in the radio receiving 
section 104-N for example, a signal output from the multi 
plex circuit 103-N is input thereto, and arnpli?cation, fre 
quency conversion from a radio band to a baseband, quadra 
ture detection, analog/digital conversion and so forth of the 
input signal are conducted, and the signal is output to the 
user signal processing sections 105-1 to 105-M and the 
signal processing section 106 for calibration. 

[0103] Here, there is no limitation on an arrangement of 
the radio receiving sections 104-1 to 104-N, and hoWever, 
generally, to make poWer levels of output signals constant 
independent of poWer levels of input signals, an AGC that is 
anon-linear circuit is used for each of the radio receiving 
sections 104-1 to 104-N. 

[0104] In the user signal processing sections 105-1 to 
105-M, the signals output from the radio receiving sections 
104-1 to 104-N and the amplitude and phase information 
detected at the signal processing section 106 for calibration 
are input thereto, and the signals output from the radio 
receiving sections 104-1 to 104-N are corrected based on the 
amplitude and phase information detected at the signal 
processing section 106 for calibration, and thereby, a recep 
tion directivity pattern is formed such that, for each user, a 
reception gain is increased for a direction along Which a user 
signal comes, and a reception gain is decreased for interfer 
ence from other users and interference due to a delay Wave, 
and dernodulation signals received by means of the recep 
tion directivity pattern are output. 

[0105] Here, in the user signal processing sections 105-1 
to 105-N, there is no limitation on their arrangernents, 
algorithm for forming the reception directivity pattern, and 
a method of conducting a correction to the signals output 
from the radio receiving sections 104-1 to 104-N by using 
the amplitude and phase information detected at the signal 
processing section 106 for calibration. By conducting this 
correction, even in case that an amplitude and phase of the 
reception signals inside the radio receiving sections 104-1 to 
104-N change When the array antenna receiving apparatus 
operates, amplitude and phase variation components which 
occur inside the respective radio receiving sections 104-1 - 
104-N can be removed from the signals input to the user 
signal processing sections 105-1 to 105-M, and it becomes 
possible to exactly distinguish the respective signal compo 
nents from each other, which come from different directions, 
and to form a reception directivity pattern. 

[0106] In the signal processing section 106 for calibration, 
signals output from the radio receiving sections 104-1 to 
104-N are input thereto, and calibration signals are extracted 
from the input signals, and thereby, amplitude and phase 
information of the signals received at the antenna elernents 
102-1 to 102-N is detected. The detected amplitude and 
phase information is output to the signal processing sections 
105-1 to 105-M. Here, the amplitude and phase information 
of the signals received at the antenna elernents 102-1 to 
102-N is detected by investigating variation quantity of 
amplitude and phase of the calibration signals in the radio 
receiving sections 104-1 to 104-N. Also, based on poWer 
levels of the signals output from the radio receiving sections 
104-1 to 104-N, control signals for controlling poWer of the 
calibration signals input to the multiplex circuits 103-1 to 
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103-N are output to the poWer level variable circuits 109-1 
to 109-N so that a ratio of poWer levels of the signals output 
from the radio receiving sections 104-1 to 104-N and poWer 
levels of the calibration signals input to the multiplex 
circuits 103-1 to 103-N is made constant. 

[0107] Here, during an operation of the array antenna 
receiving apparatus, the poWer levels of the signals to be 
output are automatically controlled by means of the AGC 
Within each of the radio receiving sections 104-1 to 104-N 
so as to become constant independent of the poWer levels of 
the signals to be input to the radio receiving sections 104-1 
to 104-N. Accordingly, the poWer levels of the calibration 
signals included in the signals output from the respective 
radio receiving sections 104-1 to 104-N becorne constant, 
and amplitude and phase variations of the calibration signals 
in the respective radio receiving sections 104-1 to 104-N can 
be exactly detected in the calibration signal processing 
section 106, and in association thereWith, amplitude and 
phase information of the signals received at the antenna 
elernents 102-1 to 102-N can be exactly detected. 

[0108] In case that an amplitude and phase of the reception 
signals change inside the respective radio receiving sections 
104-1 to 104-N in the operation, calibration signals are 
extracted from the signals output from the respective radio 
receiving sections 104-1 to 104-N, and the extracted cali 
bration signals are compared With the calibration signals to 
be input to the multiplex circuits 103-1 to 103-N, and based 
on a comparison result, amplitude and phase information of 
the calibration signals in the respective radio receiving 
sections 104-1 to 104-N is detected, and based on a result of 
this detection, amplitude and phase information of the 
signals received at the antenna elernents 102-1 to 102-N is 
detected. 

[0109] Also, in case that the AGCs Within the radio 
receiving sections 104-1 to 104-N norrnally operate, since 
the poWer levels of the signals output from the respective 
radio receiving sections 104-1 to 104-N are constant, there 
is also a method in Which control signals are output to the 
poWer level variable circuits 109 so that the poWer levels of 
the calibration signals extracted from the signals output from 
the radio receiving sections 104-1 to 104-N are made 
constant. 

[0110] Further, in the signal processing section 106 for 
calibration, When a ratio of the poWer levels of the signals 
output from the radio receiving sections 104-1 to 104-N and 
the poWer levels of the calibration signals extracted from the 
signals output from the radio receiving sections 104-1 to 
104-N is calculated, bit error rate (BER: Bit Error Rate) 
information of the calibration signals extracted from the 
signals output from the radio receiving sections 104-1 to 
104-N can be also used. 

[0111] Since the calibration signal is knoWn, it is possible 
to measure a BER of the calibration signals in the signal 
processing section 106 for calibration. In case that the BER 
is large, it is shoWn that, compared With the poWer levels of 
the signals output from the radio receiving sections 104-1 to 
104-N, the poWer levels of the calibration signals extracted 
from the signals output from the radio receiving sections 
104-1 to 104-N are smaller, and also, in case that the BER 
is small, it is shoWn that, compared With the poWer levels of 
the signals output from the radio receiving sections 104-1 to 
104-N, the poWer levels of the calibration signals extracted 
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from the signals output from the radio receiving sections 
104-1 to 104-N are larger. Therefore, based on the bit error 
rate information of the calibration signals extracted from the 
signals output from the radio receiving sections 104-1 to 
104-N, a ratio of the poWer levels of the signals output from 
the radio receiving sections 104-1 to 104-N and the poWer 
levels of the calibration signals extracted from the signals 
output from the radio receiving sections 104-1 to 104-N can 
be approximately calculated. 

[0112] In the signal generator 107 for calibration, calibra 
tion signals are generated in a base band, and the generated 
calibration signals are output to the radio transmitting sec 
tion 108 for calibration. 

[0113] In the radio transmitting section 108 for calibration, 
the calibration signals in the base band, Which Were output 
from the signal generator 107 for calibration, are input 
thereto, and digital/ analog conversion, frequency conversion 
from a base band to a radio band and so forth are applied to 
the input calibration signals, and these calibration signals are 
output to the poWer level variable circuits 109 as calibration 
signals having a frequency band same as the signals received 
at the antenna elements 102-1 to 102-N. 

[0114] In the poWer level variable circuits 109-1 to 109-N, 
the calibration signals output from the radio transmitting 
section 108 for calibration are output to the multiplex 
circuits 103-1 to 103-N at poWer levels based on the control 
signals output from the signal processing section 106 for 
calibration. 

[0115] In the array antenna receiving apparatus arranged 
as described above, since the calibration signals having 
poWer levels in accordance With the poWer levels of the 
signals received at the respective antenna elements 102-1 - 
102-N are supplied to the respective radio receiving sections 
104-1 to 104-N, even though the poWer levels of the 
reception signals change in time, and the outputs are auto 
matically controlled by means of the AGCs Within the 
respective radio receiving sections 104-1 to 104-N so that a 
sum of the poWer levels of the reception signals and the 
poWer levels of the calibration signals become constant, the 
poWer levels of the calibration signals included in the signals 
output from the respective radio receiving sections 104-1 to 
104-N can be kept constant, and in the signal processing 
section 106 for calibration, amplitude and phase variations 
of the calibration signals in the respective radio receiving 
sections 104-1 to 104-N can be exactly detected, and in 
association thereWith, the amplitude and phase information 
of the signals received at the antenna elements 102-1 to 
102-N is exactly detected. Thereby, calibration can be con 
ducted With high accuracy even in an operation. 

[0116] (The second embodiment) 
[0117] FIG. 2 is a block diagram shoWing the second 
embodiment of an array antenna receiving apparatus of the 
present invention. 

[0118] As shoWn in FIG. 2, this embodiment is con 
structed of an array antenna 201 consisting of a plurality of 
antenna elements 202-1 to 202-N, multiplex circuits 203-1 
to 203-N for multiplying calibration signals by signals 
received at the antenna elements 202-1 to 202-N and out 
putting them, Which are provided in accordance With the 
antenna elements 202-1 to 202-N, respectively, radio receiv 
ing sections 204-1 to 204-N for conducting reception pro 
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cessing of signals output from the multiplex circuits 203-1 
to 203-N, Which are provided in accordance With the antenna 
elements 202-1 to 202-N, respectively, a signal processing 
section 206 for calibration, to Which the signals received at 
the antenna elements 202-1 to 202-N and signals output 
from the radio receiving sections 204-1 to 204-N are input, 
and Which detects amplitude information and phase infor 
mation of the signals received at the antenna elements 202-1 
to 202-N based on the signals output from the radio receiv 
ing sections 204-1 to 204-N, user signal processing sections 
205-1 to 205-M, provided by the number of users, for 
correcting the signals output from the radio receiving sec 
tions 204-1 to 204-N using the amplitude information and 
phase information detected at the signal processing section 
206 for calibration, and outputting them as demodulation 
signals for every user, a signal generator 207 for calibration, 
Which generates calibration signals, a radio transmitting 
section 208 for calibration, Which applies frequency con 
version to the calibration signals generated at the signal 
generator 207 for calibration, and outputting them, and 
poWer level variable circuits 209-1 to 209-N for outputting 
the calibration signals output from the radio transmitting 
section 208 for calibration at poWer levels Which are con 

trolled at the signal processing section 206 for calibration, 
and the calibration signals output from the poWer level 
variable circuits 209-1 to 209-N are multiplied by the signals 
received at the antenna elements 202-1 to 202-N in the 
multiplex circuits 203-1 to 203-N. 

[0119] As mentioned above, this embodiment is the same 
as the ?rst embodiment other than the signal processing 
section 206 for calibration. 

[0120] In the signal processing section 206 for calibration, 
the signals received at the antenna elements 202-1 to 202-N 
and the signals output from the radio receiving sections 
204-1 to 204-N are input thereto, and calibration signals are 
extracted from the signals output from the radio receiving 
sections 204-1 to 204-N, and thereby, amplitude and phase 
information of the signals received at the antenna elements 
202-1 to 202-N is detected. The detected amplitude and 
phase information is output to the user signal processing 
sections 205-1 to 205-N. Here, the amplitude and phase 
information of the signals received at the antenna elements 
202-1 to 202-N is detected by investigating variation quan 
tity of amplitude and phase of the calibration signals in the 
radio receiving sections 204-1 to 204-N. Also, based on the 
signals received at the antenna elements 202-1 to 202-N, 
control signals for controlling poWer of the calibration 
signals input to the multiplex circuits 203-1 to 203-N are 
output to the poWer level variable circuits 209-1 to 209-N so 
that a ratio of poWer levels of the signals received at the 
antenna elements 202-1 to 202-N and poWer levels of the 
calibration signals input to the multiplex circuits 203-1 to 
203-N is made constant. 

[0121] Here, since to make the ratio of the poWer levels of 
the signals received at the antenna elements 202-1 to 202-N 
and the poWer levels of the calibration signals input to the 
multiplex circuits 203-1 to 203-N constant means to make a 
rate of poWer of the calibration signals included in the 
signals output from the multiplex circuits 203-1 to 203-N 
constant, the poWer levels of the calibration signals included 
in the signals output from the respective radio receiving 
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sections 204-1 to 204-N are made constant. From this, it is 
understood that this embodiment is the same as the ?rst 
embodiment in principle. 

[0122] In the array antenna apparatus arranged as 
described above, While in the ?rst embodiment the poWer 
levels of the signals output from the radio receiving sections 
are measured, and based on these poWer levels, poWer of the 
calibration signals to be input to the multiplex circuits is 
controlled, the poWer levels of the reception signals in the 
antenna elements 202-1 to 202-1 are measured, and based on 
these poWer levels, poWer of the calibration signals to be 
input to the multiplex circuits 203-1 to 203-N is controlled, 
and accordingly, information before the signals received at 
the antenna elements 202-1 to 202-N are multiplied by the 
calibration signals can be used in the multiplex circuits 
203-1 to 203-N, and calibration can be conducted With 
higher accuracy. 

[0123] (The third embodiment) 
[0124] FIG. 3 is a block diagram shoWing the third 
embodiment of an array antenna receiving apparatus of the 
present invention. 

[0125] As shoWn in FIG. 3, this embodiment is con 
structed of an array antenna 301 consisting of a plurality of 
antenna elements 302-1 to 302-N, multiplex circuits 303-1 
to 303-N for multiplying calibration signals by signals 
received at the antenna elements 302-1 to 302-N and out 
putting them, Which are provided in accordance With the 
antenna elements 302-1 to 302-N, respectively, radio receiv 
ing sections 304-1 to 304-N for conducting reception pro 
cessing of signals output from the multiplex circuits 303-1 
to 303-N, Which are provided in accordance With the antenna 
elements 302-1 to 302-N, respectively, a signal processing 
section 306 for calibration, to Which the signals output from 
the multiplex circuits 303-1 to 303-N and signals output 
from the radio receiving sections 304-1 to 304-N are input, 
and Which detects amplitude information and phase infor 
mation of the signals received at the antenna elements 302-1 
to 302-N based on the signals output from the radio receiv 
ing sections 304-1 to 304-N, user signal processing sections 
305-1 to 305-M, provided by the number of users, for 
correcting the signals output from the radio receiving sec 
tions 304-1 to 304-N using the amplitude information and 
phase information detected at the signal processing section 
306 for calibration, and outputting them as demodulation 
signals for every user, a signal generator 307 for calibration, 
Which generates calibration signals, a radio transmitting 
section 308 for calibration, Which applies frequency con 
version to the calibration signals generated at the signal 
generator 307 for calibration, and outputting them, and 
poWer level variable circuits 309-1 to 309-N for outputting 
the calibration signals output from the radio transmitting 
section 308 for calibration at poWer levels Which are con 
trolled at the signal processing section 306 for calibration, 
and the calibration signals output from the poWer level 
variable circuits 309-1 to 309-N are multiplied by the signals 
received at the antenna elements 302-1 to 302-N in the 
multiplex circuits 303-1 to 303-N. 

[0126] As mentioned above, this embodiment is the same 
as the ?rst embodiment other than the signal processing 
section 306 for calibration. 

[0127] In the signal processing section 306 for calibration, 
the signals output from the multiplex circuits 303-1 to 303-N 
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and the signals output from the radio receiving sections 
304-1 to 304-N are input thereto, and calibration signals are 
extracted from the signals output from the radio receiving 
sections 304-1 to 304-N, and thereby, amplitude and phase 
information of the signals received at the antenna elements 
302-1 to 302-N is detected. The detected amplitude and 
phase information is output to the user signal processing 
sections 305-1 to 305-N. Here, the amplitude and phase 
information of the signals received at the antenna elements 
302-1 to 302-N is detected by investigating variation quan 
tity of amplitude and phase of the calibration signals in the 
radio receiving sections 304-1 to 304-N. Also, based on the 
poWer levels of the signals output from the multiplex circuits 
303-1 to 303-N, control signals for controlling poWer of the 
calibration signals to be input to the multiplex circuits 303-1 
to 303-N are output to the poWer level variable circuits 
309-1 to 309-N so that a ratio of the poWer levels of the 
signals output from the multiplex circuits 303-1 to 303-N 
and the poWer levels of the calibration signals input to the 
multiplex circuits 303-1 to 303-N is made constant. 

[0128] Here, since the poWer levels of the signals received 
at the respective antenna elements 302-1 to 302-N can be 
calculated by subtracting the poWer levels of the calibration 
signals input to the multiplex circuits 303-1 to 303-N from 
the poWer levels of the signals output from the multiplex 
circuits 303-1 to 303-N, it is understood that this embodi 
ment is the same as the second embodiment in principle. 

[0129] In the array antenna receiving apparatus arranged 
as described above, While in the second embodiment the 
poWer levels of the signals received at the respective antenna 
elements are measured, and based on these poWer levels, 
poWer of the calibration signals to be input to the multiplex 
circuits is controlled, the poWer levels of the signals output 
from the multiplex circuits 303-1 to 303-N, that is, the poWer 
levels of the input signals in the respective radio receiving 
sections 304-1 to 304-N are measured, and based on these 
poWer levels, poWer of the calibration signals to be input to 
the multiplex circuits 303-1 to 303-N is controlled. 

[0130] Here, like in that shoWn in the second embodiment, 
in order to measure the poWer levels of the signals received 
at the respective antenna elements, it is necessary to measure 
poWer levels betWeen the outputs of the respective antenna 
elements and the inputs of the multiplex circuits. HoWever, 
usually, there are many cases Where the antenna elements 
and the multiplex circuits are installed at a place apart from 
the radio receiving sections, and in the second embodiment, 
there is a possibility that an error due to dispersion of 
characteristics of N measurement cables corresponding to 
the number of the antenna elements occurs. 

[0131] On the contrary, in this embodiment, since an 
object to be measured is the poWer levels of the input signals 
in the respective radio receiving sections, it is possible to 
shorten length of the measurement cables and to suppress 
dispersion of the characteristics. 

[0132] (The fourth embodiment) 
[0133] FIG. 4 is a block diagram shoWing the fourth 
embodiment of an array antenna receiving apparatus of the 
present invention. 

[0134] As shoWn in FIG. 4, this embodiment is con 
structed of an array antenna 401 consisting of a plurality of 
antenna elements 402-1 to 402-N, multiplex circuits 403-1 
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to 403-N for multiplying calibration signals by signals 
received at the antenna elements 402-1 to 402-N and out 
putting them, Which are provided in accordance With the 
antenna elements 402-1 to 402-N, respectively, radio receiv 
ing sections 404-1 to 404-N including AGCs (Auto Gain 
Controllers) that are automatic gain controlling means, for 
conducting reception processing of signals output from the 
multiplex circuits 403-1 to 403-N and outputting ampli?ca 
tion factors in the AGCs as AGC control information, Which 
are provided in accordance With the antenna elements 402-1 
to 402-N, respectively, a signal processing section 406 for 
calibration, to Which the AGC control information output 
from the radio receiving sections 404-1 to 404-N and signals 
output from the radio receiving sections 404-1 to 404-N are 
input, and Which detects amplitude information and phase 
information of the signals received at the antenna elements 
402-1 to 402-N based on the signals output from the radio 
receiving sections 404-1 to 404-N, user signal processing 
sections 405-1 to 405-M, provided by the number of users, 
for correcting the signals output from the radio receiving 
sections 404-1 to 404-N using the amplitude information 
and phase information detected at the signal processing 
section 406 for calibration, and outputting them as demodu 
lation signals for every user, a signal generator 407 for 
calibration, Which generates calibration signals, a radio 
transmitting section 408 for calibration, Which applies fre 
quency conversion to the calibration signals generated at the 
signal generator 407 for calibration, and outputting them, 
and poWer level variable circuits 409-1 to 409-N for out 
putting the calibration signals output from the radio trans 
mitting section 408 for calibration at poWer levels Which are 
controlled at the signal processing section 406 for calibra 
tion, and the calibration signals output from the poWer level 
variable circuits 409-1 to 409-N are multiplied by the signals 
received at the antenna elements 402-1 to 402-N in the 
multiplex circuits 403-1 to 403-N. 

[0135] As mentioned above, this embodiment is the same 
as the ?rst embodiment other than the radio receiving 
sections 404-1 to 404-N and the signal processing section 
406 for calibration. 

[0136] The radio receiving sections 404-1 to 404-N are 
constructed of a loW-noise ampli?er, a band-limitation ?lter, 
a mixer, a local dial device, an AGC (Auto Gain Controller), 
a quadrature detector, a loW band pass ?lter, an analog/ 
digital converter and so forth. Here, in the radio receiving 
section 404-N for example, a signal output from the multi 
plex circuit 403-N is input thereto, and ampli?cation, fre 
quency conversion from a radio band to a baseband, quadra 
ture detection, analog/digital conversion and so forth of the 
input signal are conducted, and the signal is output to the 
user signal processing sections 405-1 to 405-M and the 
signal processing section 406 for calibration. Also, AGC 
ampli?cation factors in the AGCs provided Within the 
respective radio receiving sections 404-1 to 404-N are 
output to the signal processing section 406 for calibration as 
control information. 

[0137] In the signal processing section 406 for calibration, 
the AGC control information output from the radio receiving 
sections 404-1 to 404-N and the signals output from the 
radio receiving sections 404-1 to 404-N are input thereto, 
and calibration signals are extracted from the signals output 
from the radio receiving sections 404-1 to 404-N, and 
thereby, amplitude and phase information of the signals 
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received at the antenna elements 402-1 to 402-N is detected, 
and the detected amplitude and phase information is output 
to the user signal processing sections 405-1 to 405-N. Also, 
based on poWer levels of the signals output from the radio 
receiving sections 404-1 to 404-N and the AGC control 
information output from the radio receiving sections 404-1 
to 404-N, poWer levels of signals to be input to the radio 
receiving sections 404-1 to 404-N are approximately calcu 
lated, and control signals for controlling poWer of the 
calibration signals to be input to the multiplex circuits 403-1 
to 403-N are output to the poWer level variable circuits 
409-1 to 409-N so that a ratio of the poWer levels of the 
signals input to the radio receiving sections 404-1 to 404-N 
and the poWer levels of the calibration signals input to the 
radio receiving sections 404-1 to 404-N is made constant. 

[0138] Here, since the AGC control information output 
from the radio receiving sections 404-1 to 404-N is infor 
mation such that, in accordance With the poWer levels of the 
signals to be input to the radio receiving sections 404-1 to 
404-N, in case that the input poWer levels are small, ampli 
?cation factors of the AGCs are increased, and in case that 
the input poWer levels are large, the ampli?cation factors of 
the AGCs are decreased, based on the poWer levels of the 
signals and the AGC control information Which Were output 
from the radio receiving sections 404-1 to 404-N, the poWer 
levels of the signals to be input to the radio receiving 
sections 404-1 to 404-N can be approximately calculated. In 
principle, this embodiment is the same as the third embodi 
ment. 

[0139] In the array antenna receiving apparatus arranged 
as described above, While in the third embodiment the output 
poWer levels of the multiplex circuits, that is, the poWer 
levels of the signals to be input to the respective radio 
receiving sections are measured, and based on these poWer 
levels, poWer of the calibration signals to be input to the 
multiplex circuits is controlled, only the AGC control infor 
mation output from the radio receiving sections 404-1 to 
404-N is used. Since this AGC control information is a base 
band signal, a load of the signal processing section for 
calibration can be reduced compared With the third embodi 
ment in Which the input signals of the respective radio 
receiving sections are handled, Which are direct radio band 
signals. 

[0140] (The ?fth embodiment) 
[0141] FIG. 5 is a block diagram shoWing the ?fth 
embodiment of an array antenna receiving apparatus of the 
present invention. 

[0142] As shoWn in FIG. 5, this embodiment is con 
structed of an array antenna 501 consisting of a plurality of 
antenna elements 502-1 to 502-N, multiplex circuits 503-1 
to 503-N for multiplying calibration signals by signals 
received at the antenna elements 502-1 to 502-N and out 
putting them, Which are provided in accordance With the 
antenna elements 502-1 to 502-N, respectively, radio receiv 
ing sections 504-1 to 504-N for conducting reception pro 
cessing of signals output from the multiplex circuits 503-1 
to 503-N, Which are provided in accordance With the antenna 
elements 502-1 to 502-N, respectively, a signal processing 
section 506 for calibration, to Which the signals output from 
the radio receiving sections 504-1 to 504-N are input, and 
Which detects amplitude information and phase information 
of the signals received at the antenna elements 502-1 to 
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502-N based on the input signals, user signal processing 
sections 505-1 to 505-M, provided by the number of users, 
for correcting the signals output from the radio receiving 
sections 504-1 to 504-N using the amplitude information 
and phase information detected at the signal processing 
section 506 for calibration, and outputting them as demodu 
lation signals for every user, a signal generator 507 for 
calibration, Which generates calibration signals, a radio 
transmitting section 508 for calibration, Which applies fre 
quency conversion to the calibration signals generated at the 
signal generator 507 for calibration, and outputting them, K 
(K is an integer more than or equal to 1 and less than N) 
poWer level variable circuits 509-1 to 509-K for outputting 
the calibration signals output from the radio transmitting 
section 508 for calibration at poWer levels Which are con 
trolled at the signal processing section 506 for calibration, 
Which are provided by the number less than the antenna 
elements 502-1 to 502-N, and a selection/branch circuit 510 
for selecting the calibration signals output from the poWer 
level variable circuits 509-1 to 509-K, making them branch, 
and outputting them, and the calibration signals output from 
the selection/branch circuit 510 are multiplied by the signals 
received at the antenna elements 502-1 to 502-N in the 
multiplex circuits 503-1 to 503-N. 

[0143] As mentioned above, this embodiment is the same 
as the ?rst embodiment other than the poWer level variable 
circuits 509-1 to 509-K and the selection/branch circuit 510. 

[0144] In the poWer level variable circuits 509-1 to 509-K, 
the calibration signals output from the radio transmitting 
section 508 for calibration and having a frequency band 
same as the signals received at the antenna elements 502-1 
to 502-N are input thereto, and these calibration signals are 
output to the selection/distribution circuit 510 at arbitrary 
poWer levels based on control of the signal processing 
section 506 for calibration. 

[0145] In the selection/distribution circuit 510, the cali 
bration signals output from the poWer level variable circuits 
509-1 to 509-K are input thereto, and selection and distri 
bution of these calibration signals are conducted, and they 
are output to the multiplex circuits 503-1 to 503-N. 

[0146] In addition, there is no limitation on the number of 
the selection and distribution and a manner of connection in 
the selection/distribution circuit 510. Particularly, an 
arrangement by means of one poWer level variable circuit 
and one input and N outputs distributor can be given. 

[0147] Although, in FIG. 5, an example corresponding to 
that shoWn in the ?rst embodiment is given, this embodi 
ment can be applied to the second to fourth embodiments in 
the same manner. 

[0148] In the array antenna receiving apparatus arranged 
as described above, by using the poWer level variable 
circuits having the number less than the number of the 
antenna elements, compared With the arrangements shoWn 
in the ?rst to fourth embodiments, the arrangement of the 
array antenna receiving apparatus can be simpli?ed. 

[0149] By arbitrarily combining the above-mentioned ?rst 
to fourth embodiments, it is possible to improve accuracy of 
the poWer levels of the calibration signals in accordance 
With the poWer levels of the signals received at the respec 
tive antenna elements, and those are also included in the 
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present invention. In addition, there is no limitation on the 
combination of the embodiments. 

[0150] Also, in the present invention, there is no limitation 
on a radio transmission method, and for example, a code 
division multiplex coupling (CDMA) method can be given. 

[0151] Also, in the present invention, there is no limitation 
on the element number of the antenna and the placement of 
the antenna elements, and as an example of the placement of 
the antenna elements, a straight line placement having a half 
Wavelength interval of a carrier Wave can be given. 

[0152] Also, in the present invention, there is no limitation 
on the number of users Who concurrently conduct reception, 
and the number of multi-paths per user Who concurrently 
conducts reception. 

[0153] Also, in the present invention, there is no limitation 
on an arrangement of the user signal processing sections, 
algorithm for forming a reception directivity pattern, and a 
method of conducting correction to the outputs of the 
respective radio receiving sections by using amplitude and 
phase information in the individual antenna elements. 

[0154] As explained above, in the present invention, since 
an arrangement is adopted, in Which the calibration signals 
to be multiplied by the signals received at the antenna 
elements are multiplied by the signals received at the 
antenna elements at the poWer levels such that the poWer 
levels of the calibration signals extracted from the signals 
output from the radio receiving section become constant, 
even in case that the poWer levels of the signals received at 
the antenna elements change in time, and in the radio 
receiving sections, output thereof are automatically con 
trolled so that a sum of the poWer levels of the signals 
received at the antenna elements and the poWer levels of the 
calibration signals become constant, calibration can be con 
ducted With high accuracy. 

What is claimed is: 
1. An array antenna receiving apparatus comprising: 

an array antenna consisting of N (N is an integer more 
than or equal to 1) antenna elements, 

N radio receiving sections for conducting reception pro 
cessing of signals received at said antenna elements, 

calibration means for multiplying calibration signals by 
the signals received at said antenna elements, extract 
ing said calibration signals from signals output from 
said radio receiving sections, and detecting amplitude 
and phase information of the signals received at said 
antenna elements based on the extracted calibration 
signals, and 

M (M is an integer more than or equal to 1) user signal 
processing sections for correcting the signals output 
from said radio receiving sections based on the ampli 
tude and phase information detected at said calibration 
means, and outputting them as demodulation signals; 

Wherein said calibration means multiplies said calibration 
signals by the signals received at said antenna elements 
at poWer levels determined based on poWer levels of 
the signals output from said radio receiving sections. 

2. An array antenna receiving apparatus recited in claim 
1, Wherein said calibration means comprises: 
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N multiplex circuits for multiplying calibration signals by 
the signals received at said antenna elements; 

a signal generator for calibration, Which generates said 
calibration signals; 

a signal radio transrnitting section for calibration, Which 
applies frequency conversion to the calibration signals 
generated at said signal generator for calibration and 
outputs the calibration signals having a frequency band 
same as a frequency of the signals received at said 
antenna elements; 

a signal processing section for calibration, Which extracts 
said calibration signals from the signals output from 
said radio receiving sections, detects amplitude and 
phase information of the signals received at said 
antenna elernents based on the extracted calibration 
signals, and outputs control signals for controlling 
poWer levels of said calibration signals based on poWer 
levels of the signals output from said radio receiving 
sections; and 

N poWer level variable circuits for outputting the calibra 
tion signals output from said signal radio transrnitting 
section for calibration at poWer levels based on the 
control signals output from said signal processing sec 
tion for calibration, and 

the calibration signals output from said poWer level 
variable circuits are multiplied by the signals received 
at said antenna elements in said rnultiplex circuits. 

3. An array antenna receiving apparatus recited in claim 
2, Wherein said signal processing section for calibration 
comprises means for outputting the control signals such that 
the poWer levels of the calibration signals extracted from the 
signals output from said radio receiving sections becomes to 
be constant. 

4. An array antenna receiving apparatus recited in claim 
3, Wherein said signal processing section for calibration 
comprises means for recogniZing a ratio of the signals output 
from said radio receiving sections and the calibration signals 
extracted from said signals using a bit error rate of the 
calibration signals extracted from the signals output from 
said radio receiving sections. 

5. An array antenna receiving apparatus recited in claim 
1, Wherein said calibration means comprises: 

N rnultiplex circuits for rnultiplying calibration signals by 
the signals received at said antenna elements; 

a signal generator for calibration, Which generates said 
calibration signals; 

a signal radio transrnitting section for calibration, Which 
applies frequency conversion to the calibration signals 
generated at said signal generator for calibration and 
outputs the calibration signals having a frequency band 
same as a frequency of the signals received at said 
antenna elements; 

a signal processing section for calibration, Which extracts 
said calibration signals from the signals output from 
said radio receiving sections, detects amplitude and 
phase information of the signals received at said 
antenna elernents based on the extracted calibration 
signals, and outputs control signals for controlling 
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poWer levels of said calibration signals based on poWer 
levels of the signals output from said radio receiving 
sections; 

K (K is an integer more than or equal to 1 and less than 
N) poWer level variable circuits for outputting the 
calibration signals output from said signal radio trans 
rnitting section for calibration at poWer levels based on 
the control signals output from said signal processing 
section for calibration; and 

a selection and branch circuit for selecting the calibration 
signals output from said poWer level variable circuits, 
and distributing and outputting them to said N rnulti 
plex circuits, and 

the calibration signals output from said selection and 
branch circuits are multiplied by the signals received at 
said antenna elements in said rnultiplex circuits. 

6. An array antenna receiving apparatus recited in claim 
5, Wherein said signal processing section for calibration 
comprises means for outputting the control signals such that 
the poWer levels of the calibration signals extracted from the 
signals output from said radio receiving sections becomes to 
be constant. 

7. An array antenna receiving apparatus recited in claim 
6, Wherein said signal processing section for calibration 
comprises means for recogniZing a ratio of the signals output 
from said radio receiving sections and the calibration signals 
extracted from said signals using a bit error rate of the 
calibration signals extracted from the signals output from 
said radio receiving sections. 

8. An array antenna receiving apparatus comprising: 

an array antenna consisting of N (N is an integer more 
than or equal to 1) antenna elernents, 

N radio receiving sections for conducting reception pro 
cessing of signals received at said antenna elernents, 

calibration means for rnultiplying calibration signals by 
the signals received at said antenna elernents, extract 
ing said calibration signals from signals output from 
said radio receiving sections, and detecting amplitude 
and phase information of the signals received at said 
antenna elernents based on the extracted calibration 
signals, and 

M (M is an integer more than or equal to 1) user signal 
processing sections for correcting the signals output 
from said radio receiving sections based on the ampli 
tude and phase information detected at said calibration 
means, and outputting them as dernodulation signals; 

Wherein said calibration rneans rnultiplies said calibration 
signals by the signals received at said antenna elements 
at poWer levels determined based on poWer levels of 
the signals received at said antenna elements. 

9. An array antenna receiving apparatus recited in claim 
8, Wherein said calibration means comprises: 

N rnultiplex circuits for rnultiplying calibration signals by 
the signals received at said antenna elements; 

a signal generator for calibration, Which generates said 
calibration signals; 

a signal radio transrnitting section for calibration, Which 
applies frequency conversion to the calibration signals 
generated at said signal generator for calibration and 
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outputs the calibration signals having a frequency band 
same as a frequency of the signals received at said 
antenna elements; 

a signal processing section for calibration, Which extracts 
said calibration signals from the signals output from 
said radio receiving sections, detects amplitude and 
phase information of the signals received at said 
antenna elernents based on the extracted calibration 
signals, and outputs control signals for controlling 
poWer levels of said calibration signals based on poWer 
levels of the signals received at said antenna elements; 
and 

N poWer level variable circuits for outputting the calibra 
tion signals output from said signal radio transrnitting 
section for calibration at poWer levels based on the 
control signals output from said signal processing sec 
tion for calibration, and 

the calibration signals output from said poWer level 
variable circuits are multiplied by the signals received 
at said antenna elements in said rnultiplex circuits. 

10. An array antenna receiving apparatus recited in claim 
9, Wherein said signal processing section for calibration 
comprises means for outputting the control signals such that 
a ratio of the poWer levels of the signals received at said 
antenna elements and the poWer levels of the calibration 
signals output from said poWer level variable circuits 
becomes to be constant. 

11. An array antenna receiving apparatus recited in claim 
8, Wherein said calibration means comprises: 

N rnultiplex circuits for rnultiplying calibration signals by 
the signals received at said antenna elements; 

a signal generator for calibration, Which generates said 
calibration signals; 

a signal radio transrnitting section for calibration, Which 
applies frequency conversion to the calibration signals 
generated at said signal generator for calibration and 
outputs the calibration signals having a frequency band 
same as a frequency of the signals received at said 
antenna elements; 

a signal processing section for calibration, Which extracts 
said calibration signals from the signals output from 
said radio receiving sections, detects amplitude and 
phase information of the signals received at said 
antenna elernents based on the extracted calibration 
signals, and outputs control signals for controlling 
poWer levels of said calibration signals based on poWer 
levels of the signals received at said antenna elernents; 

K (K is an integer more than or equal to 1 and less than 
N) poWer level variable circuits for outputting the 
calibration signals output from said signal radio trans 
rnitting section for calibration at poWer levels based on 
the control signals output from said signal processing 
section for calibration; and 

a selection and branch circuit for selecting the calibration 
signals output from said poWer level variable circuits, 
and distributing and outputting them to said N rnulti 
plex circuits, and 

the calibration signals output from said selection and 
branch circuits are multiplied by the signals received at 
said antenna elements in said rnultiplex circuits. 
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12. An array antenna receiving apparatus recited in claim 
11, Wherein said signal processing section for calibration 
comprises means for outputting the control signals such that 
a ratio of the poWer levels of the signals received at said 
antenna elements and the poWer levels of the calibration 
signals output from said poWer level variable circuits 
becomes to be constant. 

13. An array antenna receiving apparatus comprising: 

an array antenna consisting of N (N is an integer more 
than or equal to 1) antenna elernents, 

N radio receiving sections for conducting reception pro 
cessing of signals received at said antenna elernents, 

calibration means for rnultiplying calibration signals by 
the signals received at said antenna elernents, extract 
ing said calibration signals from signals output from 
said radio receiving sections, and detecting amplitude 
and phase information of the signals received at said 
antenna elernents based on the extracted calibration 
signals, and 

M (M is an integer more than or equal to 1) user signal 
processing sections for correcting the signals output 
from said radio receiving sections based on the ampli 
tude and phase information detected at said calibration 
means, and outputting them as dernodulation signals; 

Wherein said calibration means comprises; 

N rnultiplex circuits for rnultiplying calibration signals 
by the signals received at said antenna elements, 

a signal generator for calibration, Which generates said 
calibration signals, 

a signal radio transrnitting section for calibration, 
Which applies frequency conversion to the calibra 
tion signals generated at said signal generator for 
calibration and outputs the calibration signals having 
a frequency band same as a frequency of the signals 
received at said antenna elements, 

a signal processing section for calibration, Which 
extracts said calibration signals from the signals 
output from said radio receiving sections, detects 
amplitude and phase information of the signals 
received at said antenna elernents based on the 
extracted calibration signals, and outputs control 
signals for controlling poWer levels of said calibra 
tion signals based on poWer levels of the signals 
output from said rnultiplex circuits, and 

N poWer level variable circuits for outputting the 
calibration signals output from said signal radio 
transrnitting section for calibration at poWer levels 
based on the control signals output from said signal 
processing section for calibration, and 

Wherein the calibration signals output from said poWer 
level variable circuits are multiplied by the signals 
received at said antenna elements in said rnultiplex 
circuits. 

14. An array antenna receiving apparatus recited in claim 
13, Wherein said signal processing section for calibration 
comprises means for outputting the control signals such that 
a ratio of the poWer levels of the signals output from said 




