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DESCRIPTION
Radio Apparatus and Calibration Method Therefor

Technical Field
The present invention relates to a radio apparatus and a calibration
method therefor, and more particularly, it relates to a radio apparatus

employed in an adaptive array radio base station and a calibration method
therefor.

Background Art

An adaptive array radio base station employing an array antenna is
recently put into practice as a radio base station for a mobile
communication system such as a portable telephone. The operation
principle of such an adaptive array radio base statlon is descnbed in the
following literature, for example:

B. Widrow, et al.: "Adaptive Antenna Systems", Proc IEEE, vol 55,
No.12, pp.2143-2159 (Dec. 1967). .

S.P. Applebaum: "Adaptive Arrays", IEEE Trans. Antennas &
Propag., vol.AP-24, No.5, pp.585-598 (Sept. 1976). _

O. L. Frost, III: " Adaptive Least Squares Optimization Subject to
Linear Equality Constraints", SEL-70-055, Technical Report, N0.6796-2,
Information System Lab., Stanford Univ. (Aug. 1970).

B. Widrow and S. D. Stearns: "Adaptive Signal Processing",
Prentice-Hall, Englewood Cliffs (1985). o . . : _

R. A. Monzingo and T. W. Miller: "Introduction to Adaptive Arrays",

* John Wiley & Sons, New York (1980).

dJ. E. Hudson: "Adaptive Array Principles", Peter Peregrinus Litd.,
London (1981). -

R.T. Compton, Jr.: "Adaptive Antennas — Concepts and
Performance”, Prentice-Hall, Englewood Cliffs (1988).

E. Nicolau and D. Zaharia: “"Adaptive Arrays", Elsevier, Amsterdam
(1989). '
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Fig. 68 is a model diagram conceptually showing the operation
principle of such an adaptive array radio base station. Réferring to Fig. 68,
an adaptive array radio base station 1 comprises an array antenna 2
formed by n antennas #1, #2, #3, -, #n, and a first diagonal line area 3
shows a range in which radio waves from the array antenna 2 can be
received. A second diagonal line area 7 shows a range in which radio
waves from adjacent another radio base station 6 can be received.

In the area 3, the adaptive array radio base station 1
transmits/receives a radio signal to/from a portable telephone 4 forming a
terminal of a user A (arrow 5). In the area 7, the radio base station 6
transmits/receives a radio signal to/from a portable telephone 8 forming a
terminal of another use B (arrow 9).

When the radio signal for the portable telephone 4 of the user A
happens to be equal in frequency to the radio signal for the portable
telephone 8 of the user B, it follows that the radio signal from the portable
telephone 8 of the user B serves as an unnecessary interference signal in
the area 3 depending on the position of the user B, to disadvantageously
mix into the radio signal transmitted between the portable telephone 4 of -
the user A and the adaptive array radio base station 1.

In this case, it follows that the adaptive array radio base station 1
receiving the mixed radio signals from both users A and B in the
aforementioned manner outputs the signals from the users Aand Bin a
mixed state unless some necessary processing is pexrformed, to
disadvantageously hinder communication with the regular user A.

_ In order to eliminate the signal from the user B from the output
signal, the adaptive array radio base station 1 performs the following

~ processing. Fig.69isa schematic block diagram showing the structure of

the adaptive array radio base station 1.

Assuming that A(t) represents the signal from the user A and B(t) -
represents the signal from the user B, a signal x1(t) received in the first
antenna #1 forming the array antenna 2 shown in Fig. 68 is expressed as
follows: '

x1(t) = al x A(t) + bl x B(t)
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where al and b1 represent factors changing in real time, as described later.
A signal x2(t) received in the second antenna #2 is expressed as
follows: " - o a '

x2(t) = a2 x A(t) + b2 x B(t) _
where a2 and b2 also represent factors changing in real time.

A signal x3(t) received in the third antenna #3 is expressed as
follows: '

x3(t) = a3 x A(t) + b3 x B(t)
where a3 and b3 also represent factors changing in real time.

Similarly, a signal xn(t) received in the n-th antenna #n is expressed
as follows: '

xn(t) = an x A(t) + bn x B@t)
where an and bn also represent factors changing in real time.

The above factors al, a2, a3, -, an show that the antennas #1, #2, #3,

_*+, #n forming the array antenna 2 are different in receiving strength from

each other with respect to the radio signal from the user A since the
relative positions of the antennas #1, #2, #3, -, #n are different from each
other (the antennas #1, #2, #3, -, #n are arranged at intervals about five
times the wavelength of the radio signal, i.e., about 1 m, from eath other).

The above factors b1, b2, b3, -, bn also show that the antennas #1,
#2, #3, -+, #n are different in receiving strength from each other with
respect to the radio signal from the user B. The users A and B are moving
and hence these factors al, a2, a3, -, an and b1, b2, b3, --, bn change in
real time. |

The signals x1(t), x2(t), x3(t), -, xn(t) received in the respective

L antennas #1, #2, #3, -+, #1 are input in a receiving unit 1R forming the

adaptive array radio base station 1 through corresponding switches 10-1,
10-2, 10-3, -, 10-n respectively so that the received signals are supplied to
a weight vector control unit 11 and to one inputs of corresponding
multipliers 12-1, 12-2, 12-3, -, 12-n respectively.

Weights wl, w2, w3, -, wn for the signals x1(t), x2(t), x3(t), -, xn(t)
received in the antennas #1, #2, #3, -, #n are applied to other inputs of
these multipliers 12-1, 12-2, 12-3, -, 12-n respectively. The weight vector
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control unit 11 calculates these weights wl, w2, w3, -, wn in real time, as
described later. _ | g h _ '

Therefore, the signal x1(t) recéived in the antenna #1 is converted to
w1 x (alA(t) + b1B(t)) through the multiplier 12-1, the signal x2(t) received
in the antenna #2 is converted to w2 x (a2A(t) + b2B(t)) through the
multiplier 12-2, the signal x3(t) received in the antenna #3 is converted to
w3 x (a3A(t) + b3B(t)) through the multiplier 12-3, and the signal xn(t)
received in the antenna #n is converted to wn x (anA(t) + bnB(t)) through
the multiplier 12-n.

An adder 13 adds the outputs of these multipliers 12-1, 12-2, 12-3, -,
12-n, and outputs the following signal:

' wl(alA(t) + b1B(t)) + w2(a2A(t) + b2B(1)) + w3(a3A(t) + b3B()) + - +
wn(anA(t) + bnB(t))

This expression is classified into terms related to the signals A(t) and
B(t) respectively as follows: _ _

(wlal + w2a2 + w3a3 + -~ + wnan)A(t) + (wlb1l + w2b2+ w3b3 + - +
wnbn)B(t) _

As described later, the adaptive array radio base station 1 identifies
the users A and B and calculates the aforementioned weights wl, w2, w3, -,
wn to be capable of extracting only the signal from the desired user.
Referring to Fig. 69, for example, the weight vector control unit 11 regards
the factors al, a2, a3, -, an and b1, b2, b3, -, bn as constants and '
calculates the weights w1, w2, w3, -, wn so that the factors of the signals
A(t) and B(t) are 1 and 0 as a whole respectively, in oxder to extract only

~ the signal A(t) from the intended user A for communication.

.In other words, the weight vector control unit 11 solves the followmg
simultaneous linear equations, thereby calculating the weights w1, w2, w3,
-, wn so that the factors of the signals A(t) and B(t) are 1 and 0
respectively: :

wlal + w2a2 +w3a3 + -+ wnan=1

wlbl + w2b2 + w3b3 + -+ wnbn =0

The method of solving the above simultaneous linear equations, not
described in this specification, is known as described in the aforementioned

-4.-



10

15

20

25

30

literature and already put into practice in an actual adaptlve array radio
base station. :
; When setting the welghts wl w2, w3, **, wn in the'aforementibned
manner, the adder 13 outputs the following 31gna1:

output signal = 1 x A(t) + 0 x B@t) = A(t)

The aforementioned users A and B are identified as follows: Fig. 70
is a schematic diagram showing the frame structure of a radio signal for a
portable telephone set. - The radio signal for the portable telephone set is
roughly formed by a preamble consisting of a signal series known to the
radio base station and data (sound etc.) consisting of a signal series
unknown to the radio base station. _

The signal series of the preamble includes a signal series of
information for recognizing whether or not the user is a desired user for
making communication with the radio base station. The weight vector

- control unit 11 (Fig. 69) of the adaptive array radio base station 1 compares

a training signal corresponding to the user A fetched from a memory 14
with the received signal series and performs weight vector control (decision
of weights) for extracting a signal apparently including the signal series
corresponding to the user A. The adaptive array radio base station 1
outputs the signal from the user A extracted in the aforementioned manner
as an output signal Srx(t).

Referring again to Fig. 69, an external input signal Stx(t) is input in
a transmission unit 1T forming the adaptive array radio base station 1 and
supplied to one inputs of multipliers 15-1, 15-2, 15-3, -, 15-n. The weights

wl, w2, w3, -, wn previously calculated by the weight vector control unit -

11 on the basis of the received signal are copied and applied to other inputs
of these multipliers 15-1, 15-2, 15-3, -+, 15-n respectively. _

The input signal Stx(t) weighted by these multipliers 15-1, 15-2, 15-3,
-, 15-n is sent to the corresponding antennas #1, #2, #3, -, #n through
corresponding switches 10-1, 10-2; 10-3, -, 10-n respectively, and
transmitted into the area 8 shown in Fig. 68.

The signal transmitted through the same array antenna 2 as that in
receiving is weighted for the target user A similarly to the received signal,

-5-



10

156

20

25

30

and hence the portable telephone set 4 of the user A receives the
transmitted radio signal as if the signal has directivity to the user A.  Fig.
71 images such transfer of a radi¢ signal between the user A and the
adaptive array radio base station 1. Imaged is such a state that the
adaptive array radio base station 1 transmits the radio signal with
directivity toward the target portable telephone set 4 of the user A as
shown in a virtual area 3a in Fig. 71 in contrast with the area 3 of Fig. 68
showing the range actually receiving radio waves. -

In order to implement such transmission/receiving of the radio signal
with directivity between the desired user and the adaptive array radio base
station 1, the adaptive array radio base station 1 must strictly calculate the
weights w1, w2, w3, -+, wn for equivalently weighting received and

transmitted signals in the receiving unit 1R and the transmission unit 1T.

Even if the adaptive array radio base station 1 completely controls
weighting, however, the transmission characteristics of the transmitted
signal may change with respect to the received signal such that the
transmitted signal cannot be transmitted to the target user.

In the adaptive array radio base station 1 shown in Fig. 69, for
example, the distance between the switches 10-1, 10-2, 10-3, -, 10-n and
the corresponding multipliers 12-1, 12-2, 12-3, -, 12-n of the receiving unit
1R and the distance between the switches 10-1, 10-2, 10-3, -, 10-n and the
corresponding multipliers 15-1, 15-2, 15-3, -, 15-n of the transmission unit
1T are generally not completely identical to each other. If the distances
are different from each other, a difference in phase rotation quantity, a
difference in amplitude fluctuation quantity, or the like is .
disadvantageously caused between the received S1gna1 and the transm1tted :
signal received in and transmitted from each antenna, and the radio _s1gna1

.cannot be transferred between the target user and the adaptive array radio

base station 1 with excellent directivity.

In general, paths between the switches 10-1, 10-2, 10-3, -+, 10-n and
the corresponding multipliers 12-1, 12-2, 12-3, -, 12-n of the receiving unit
1R include necessary receiving circuits (not shown) respectively, and paths
between these switches 10-1, 10-2, 10-3, -, 10-n and the corresponding
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multipliers 15-1, 15-2, 15-3, -, 15-n of the transmission unit 1T include
necessary transmission circuits (not shown) respectively. Therefore, it

follows that a difference in phase rotation quantity, difference in amplitude |

fluctuation quantity, or the like is caused between the received signal and
the transmitted signal received in and transmitted from each antenna
depending on the characteristics of amplifiers, filters etc. forming the
receiving and transmission circuits.

In the adaptive array radio base station 1, therefore, the
transmission characteristics of the receiving circuit such as the phase
rotation quantity and the amplitude fluctuation gquantity and the
transmission characteristics of the transmission circuit such as the phase
rotation quantity and the amplitude fluctuation quantity must be
measured as to each antenna forming the array antenna 2, for
compensating for the differences. In general, a measuring circuit for
measuring the transmission characteristics is separately provided on the
adaptive array radio base station, to disadvantageously enlarge and
complicate the circuit structure of the adaptive array radio base station
while increasing the cost.

An object of the present invention is to provide a radio apparatus
capable of estimating and compensating for a difference between
transmission characteristics of a receiving circuit and a transmission circuit
in a simple structure at a low cost without providing a specific measuring
circuit and a calibration method therefor.

Disclosure of Invention ' _ .

The present invention is directed to a radio apparatus capable of
calibrating transmission characteristics, comprising n (n: integer greater
than or equal to 3) signal transmission systems, a control unit, a signal -
processing circuit, a memory and an arithmetic circuit.

Each of the n signal transmission syétems includes an antenna as
well as a transmission circuit and a receiving circuit sharing the antenna.

The control unit makes control for transmitting a known signal from
the transmission circuit of each of the n signal transmission systems and
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receiving the transmitted signal in the receiving circuits of a plurality of
signal transmission systems included in the n signal transmission systems
in calibration. | . | - |

The signal processing circuit is provided for each signal transmission
system, for performing prescribed signal processing on the signal received
in the receiving circuit of the signal transmission system with the known
signal.

The memory stores signals obtained by the signal processing circuits
in the plurality of signal transmission systems.

The arithmetic circuit calculates information related to at least
either a phase rotation quantity or an amplitude fluctuation quantity
caused in a signal when the signal passes through each of the transmission
circuit and the receiving circuit of each of the n signal transmission systems
on the basis of the signals stored in the memory. '

- The present invention is also directed to a calibration method for a
radio apparatus comprising n (n: integer greater than or equal to 3) signal
transmission systems each including an antenna as well as a transmission
circuit and a receiving circuit sharing the antenna, including a control step,
-a signal processing step, a storage step, an operation step and a calibration
step. The control step performs control for transmitting a known signal
from the transmission circuit of each of the n signal transmission systems
and receiving the transmitted signal in the receiving circuits of a plurality
of signal transmission systems included in the n signal transmission
systems in calibration. The signal processing step performs prescribed
signal processing on the signal received in the receiving circuit with the
known signal in each signal transmission system. The storage step stores
signals obtained by the signal processing in the plurality of signal
transmission systems. The operation step calculates information related
to at least either a phase rotation quantity or an amplitude fluctuation
quantity caused in a signal when the signal passes through each of the
transmission circuit and the receiving circuit of each of the n signal

-transmission systems on the basis of the stored signals. The calibration

step calibrates at least either the difference in a phase rotation quantity or
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the difference in an amplitude fluctnation quantity between the
transmission circuit and the receiving circuit of each of the n signal
transmission systems on the basis of the calculated information.

Brief Description of Drawings

Fig. 11is a schematic block diagram showing a principal part of a first
basic structure of an adaptive array radio base station according to the
present invention. :

Fig. 2 is a schematic block diagram showing a modification of the
first basic structure of the adaptive array radio base station according to
the present invention.

Fig. 3 is a schematic block diagram showing a principal part of a
second basic structure of the adaptive array radio base station according to
the present invention.

Fig. 4 is a schematic block diagram showing a modification of the
second basic structure of the adaptive array radio base station accordmg to
the present invention.

Fig. 5 illustrates a phase rotation quantity and an amplitude
fluctuation quantity of a signal in each part of the first and second basic
structures. :

Fig. 6 is a model diagram showing a mode of transmission/receiving
of signals in calibration in the adaptive array radio base station according
to the first basic structure of the present invention.

Fig. 7is a flow chart showing the first half of operations of the first
basic structure. :

F1g 8 is a flow chart showmg the second ha]f of the operations of the :
first basic structure. _

Fig. 9 is a flow chart showing the first half of operations of the
modification of the first basic structure.

Fig. 10 is a flow chart showing the second half of the operations of
the modification of the first basic structure.

Fig. 11 is a schematic block diagram showing another modification of
the first basic structure of the present invention.
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Fig. 12 is a flow chart showing operations of the modification shown

.m Fig. 11.

Fig. 13isa schematic block diagram showmg still another
modification of the first basic structure of the present invention.

Fig. 14 is a flow chart showing operations of the modification shown
in Fig. 13. _ |

Fig. 15 is a block diagram showing a first embodiment of the first
basic structure of the present invention. :

Fig. 16is a flow chart showing operatmns of the first embodiment
shown in Fig. 15.

Fig. 17 is a block diagram showing a second embodiment of the first
basic structure of the present invention. ~

Fig. 18 is a flow chart showmg operations of the second embodiment
shown in Fig. 17.

Fig. 19 is a model diagram showing a mode of transmission/receiving
of signals in calibration in the adaptive array radio base station according
to the second basic structure of the present invention.

Fig. 20 is a flow chart showing the first half of operations of the
second basic structure.

Fig. 21is a flow chart showing the second half of the operations of
the second basic structure.

Fig. 22 is a flow chart showing the first half of operations of another
modification of the second basic structure.

Fig. 23 is a flow chart showing the second half of the operations of

- the modification of the second basic structure.

. Fig. 24 is a schematic block dlagram showing stlll another .
modification of the second basic structure of the present invention.
Fig. 25 is a flow chart showing the first half of operations of the

-modification shown in Fig. 24.

Fig. 26 is a flow chart showing the second half of operations of the
modification shown in Fig, 24.

Fig. 27 is a schematic block diagram showing a further modification
of the second basic structure of the present invention.
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Fig. 28 is a flow chart showing the first half of operations of the
modification shown in Fig. 27. :

F1g 29is a ﬂow chart showmg the second half of operations of the .
modification shown in Fig. 27.

Fig. 30 is a block diagram showing a third embodiment of the second
basic structure of the present invention.

Fig. 31 is a flow chart showing operatlons of the third embodiment
shown in Fig. 30.

Fig. 32 is a block diagram showing a fourth embodiment of the
second basic structure of the present invention.

Fig. 33 is a flow chart illustrating operations of the fourth
embodiment shown in Fig. 32. :

Fig. 34 is a block diagram showing a spec1ﬁc circuit structure ofa
fifth embodiment of the present invention.

Fig. 35 is a flow chart showing operatlons of the ﬁfth embodunent
shown in Fig. 34. '

Fig. 36 is a flow chart showing a calculation routine included in the
operations shown in Fig. 85.

Fig. 37 is a block diagram showing a specific circuit structure of a
sixth embodiment of the present invention. |

Fig. 38 is a block diagram showing a spec;.ﬁc c1rcu1t structure ofa
seventh embodiment of the present invention.

Fig. 39 is a flow chart inclusively showing operations of the sixth and
seventh embodiments of the present invention.

Fig. 40 is a flow chart showing a calculation routine mcluded in the :

- operations shown in Fig. 39.

Fig. 41is a flow chart showing another calculatmn routine mcluded
in the operations shown in Fig. 39. '

Fig. 42 is a block diagram showing a specific circuit structure of an
eighth embodiment of the present invention.

Fig. 43 is a block diagram showing a specific circuit structure of a
ninth embodiment of the present invention.

Fig. 44 is a flow chart showing still another calculation routine
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included in the operations shown in Fig. 39.

Fig. 45 is a flow chart showing a further calculation routine mcluded
in the operations shown in Fig. 39 ' :

Fig. 46 is a block diagram showing a specific circuit structure of a

. tenth embodiment of the present invention.

Fig. 47is a flow chart showmg operations of the tenth embodiment
shown in Fig. 46.

Fig. 48 is a block diagram showing a specific circuit structure of an
eleventh embodiment of the present invention.

Fig. 49 is a block diagram showing a specific circuit structure of a
twelfth embodiment of the present invention.

Fig. 50 is a flow chart inclusively showing operations of the eleventh
and twelfth embodiments of the present invention.

Fig. 51 is a block diagram showing a specific circuit structure of a
thirteenth embodiment of the present invention.

Fig. 52 is a block diagram showing a specific circuit structure of a
fourteenth embodiment of the present invention.

Fig. 53 is a block diagram showing a specific circuit structure of a
fifteenth embodiment of the present invention. .

Fig. 54 is a flow chart showing a calculation routine of the fifteenth
embodiment shown in Fig. 53.

Fig. 55 is a block diagram showing a specific circuit structure of a
sixteenth embodiment of the present invention.

Fig. 56 is a flow chart showing the first half of operations of a
seventeenth embodiment of the present invention.

F1g 57 is a flow chart showing a calculation routine mcluded in the
operations shown in Fig. 56.

Fig. 58 is a flow chart showing the first half of operations of an
eighteenth embodiment of the present invention. '

Fig. 59 is a flow chart showmg the second half of the operations of
the eighteenth embodiment of the present invention.

Fig. 60 is a flow chart showing the first half of operatmns ofa
modification of the eighteenth embodiment of the present invention.
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Fig. 61 is a flow chart showing the second half of the operations of
the modification of the eighteenth embodiment of the present invention.

Fig. 62 is a flow chart showing the second half of operations of a
nineteenth embodiment of the present invention.

Fig. 63 is a flow chart showing the first half of operations of a
twentieth embodiment of the present invention.

Fig. 64 is a flow chart showing the second half of the operations of
the twentieth embodiment of the present invention.

Fig. 65 is a block diagram showing a specific circuit structure of a
twenty-first embodiment of the present invention.

Fig. 66 is a block diagram showing a twenty-third embodiment of a
third basic structure of the present invention.

Fig. 67 is a block diagram showiﬁg a twenty-fourth embodiment of
the third basic structure of the present invention.

Fig.68is a model diagram conceptually showmg basic operations of
an adaptive array radio base station. _

Fig. 69 is a schematic block diagram showing the structure of the
adaptive array radio base station.

Fig. 70 is a schematic diagram showing the frame structure of a
radio signal for a portable telephone.

Fig. 71is a model diagram imaging transfer of a radio signal
between the adaptive array radio base station and a user.-

Best Mode for Carrying Out the Invention

[Outline of First Basic Structure]

Fig. 1is a schematic block diagram showmg a prmclpal part ofa ﬁrst
basic structure of an adaptive array radio base station according to the
present invention. The basic structure of Fig. 1 shows only parts related
to estimation of phase rotation quantities and amplitude fluctuation
quantities and calibration thereof relevant to the present invention in the
adaptive array radio base station, and omits illustration of parts
corresponding to the receiving part 1R and the transmission part 1T for
weighting the received signal and the transmitted signal shown in the
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aforementioned Fig. 69. This also applies to each embodiment described
later. - ' o _ _ o

 The adaptive array radio base station showxi in Fig. 1 comprises a .
signal processing circuit 20, n antenna elements ANT;, -, ANT;, -, ANTY,
-, ANTx forming an array antenna, antenna sharers SWi, -, SWj, -, SWi,
-, SWn provided in correspondence to the antenna elements ANT, -, ANT;,
«:, ANTY, -, ANTx respectively, and transmission circuits TXi, =, TX;, -,
TXk, -, TXa and receiving circuits RXj, -+, RXj, +, RXk, *, RXa provided
between the antenna sharers SWi, -+, SWj, -, SWk, -, SWx and the signal
processing circuif 20 in correspondence to the antenna elements ANT,, -,
ANT;, -+, ANTY, -+, ANTx respectively.

The signal processing circuit 20 includes a memory 21 previously
storing known signals Si1(t), -, Sj(t), -, Sk(t), *~, Su(t) to be transmitted from
the antenna elements ANT}, -, ANT}, -, ANTY, -, ANTx respectively in
calibration while storing each calculated signal described later, a control
unit 22 transmitting/receiving control signals and data to/from the memory
21, phase shifters PS;, -, PS;, -+, PSk, -, PS», attenuators ATTi, -+, ATTj, -~
ATT, -+, ATT» and transmitted signal output units SGi, -, SG;, -, SGx, -,
SGn provided between the memory 21 and the transmission circuits TXj, -,
TXj, +, TXk, -+, TXn in correspondence to the antenna elements ANT;, -,
ANT, -, ANTY, -, ANT, respectively, and received signal measuring units
SMy, -, SM;j, -+, SMx, *, SMa, phase extraction circuits PE;, -, PE;, -, PEx,
-+, PEn and amplitude extraction circuits AEs, -, AE;, -, AEx, *, AEn
provided between the memory 21 and the receiving circuits RXj, -, RX;, -,

- RX, -+, RXa in correspondence to the antenna elemen_ts ANT,, -, A.NTj, ",

ANT; -, ANT, respectively. o

It is assumed that each of the transmission circuits TXj, -, TX;, «,
TXx, -, TXa is generically refexred to as a circuit consisting of a frequency
converter, an amplifier, a filter, a diffuser etc., for example, and existing on
a path between the corresponding transmitted signal output unit SG and
the corresponding antenna sharer SW. Fig. 2 and subsequent figures omit
illustration of each transmission circuit TX for convenience of illustration,
and it is assumed that a line TX between each transmitted signal output
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unit SG and the corresponding antenna sharer SW shows the presence of
such a transmission circuit. - : _

Similarly, it is also assumed that each of the receiving circuits RXy,
, RXj, +, RXk, -, RXn is generically referred to as a circuit consisting of a
frequency converter, an amplifier, a filter, an inverse diffuser etc., for
example, and existing on a path between the corresponding antenna sharer
SW and the corresponding received signal measuring unit SM. Fig. 2 and
subsequent figures omit illustration of each receiving circuit RX for
convenience of illustration, and it is assumed that a line RX between each
antenna sharer SW and the corresponding received signal measuring unit
SM shows the presence of such a transmission circuit.

The known signals Si(t), -, Sj(t), -, Sx(t), =, Sa(t), corresponding to
the antenna elements ANT}, -, ANT;, -, ANT, -, ANTx respectively,
output from the memory 21 in calibration are rotated in phase by 81, -, 8;,
++, Bk, *, On by the corresponding phase shifters PS;, -, PS;, -+, PSk, -, PSn,
to form signals S1(t)exp(61), -, Si(exp(i6y), -, Sk(t)exp(oy), -, Su(t)exp(ifn)
respectively. - The phase rotation quantity of each phase shifter is
controlled by a control signal from the control unit 22.

The phase-rotated signals Si(t)exp(0y), -+, Sj(t)exp(6;), -,
Sk(t)exp(fk), -, Sn(t)exp(idn) are amplitude-fluctuated by Aa, -, Aj, =, Ax, -,
An by the corresponding attenuators ATT, -, ATT;, -, ATTx, -, ATTx, to
form signals AiSi(t)exp(i01), -, A;S;(t)exp(s;), -, AuS(t)exp(ify), -,
AnSn(t)exp(ibn) respectively. The amplitude fluctuation quantity of each
attenuator is controlled by a control signal from the control unit 22.

- These signals AiSi(t)exp(iBy), -, A;Sj(t)exp(sy), -, AxSk(t)exp(iby), -,
AnSn(t)exp(ifu) are transmitted from the corresponding transmitted signal -
output units SGy, -, SG;y, -, SGx, -, SGn respectively, and supplied to the
corresponding antenna sharers SWy, -, SWj, -+, SWk, -, SWa through the
corresponding transmission circuits TXj, -, TXj, -+, TXk, -, TXn respectively.

~ Each of these antenna sharers SWy, -, SWj, -, SWk, -+, SWais
switched to selectively supply the signal from the corresponding
transmission circuit TX to-either the corresponding antenna element ANT
or the corresponding receiving circuit RX in response to a control signal
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from the control unit 22.

The signal supplied from each antenna sharer SW to the’
corresponding antenna element ANT is emitted as a radio signal. When
the antenna sharer SW is not connected to the antenna element ANT, the
corresponding receiving circuit RX receives the transmitted signal input in
the antenna sharer SW as such.

On the other hand, signals received in the antenna elements ANT;,
-, ANTY, -, ANTY, -+, ANTx in calibration are supplied to the corresponding
received signal measuring units SMy, -+, SM;, -, SMx, *, SMn through the
corresponding antenna sharers SW1, -, SWj, -, SWx, -, SWhx respectively.
When the antenna sharer SW is not connected to the antenna element ANT
as described above, it follows that the received signal measuring unit SM is
supplied not with the signal from the antenna element ANT but with the
signal from the corresponding transmission circuit TX.

The signals received in the received signal measuring units SM, -,
SM;, -, SMx, -+, SMx are supplied in parallel to the corresponding phase
extraction circuits PEj, -, PE;, -, PEx, -, PEn and the corresponding
amplitude extraction circuits AR, --; AE;, -, AEk, -, AEn respectively. As
described later, information extracted in the phase extraction circuits PE;,

.=, PE;j, -, PEx, -, PEn and the amplitude extraction circuits AE,, -, AE;, -,

AEk, -, AEn is supplied to and stored in the memory 21.

Operations of the transmitted signal output units SGi, -, SG;, -, SGx,
-+, SGn and the received signal measuring units SMy, -+, SM;, -, SM, -,
SMn are controlled by control signals from the control unit 22.

The structure of a group of circuits related to transmission/receiving

. of signals through each antenna element is hereinafter referred to as a

(signal) transmission system. )
In general signal transmission/receiving other than calibration, not
the known signal from the memory 21 but a transmitted signal weighted

for each transmission system by a transmission unit (not shown: refer to 1T

in Fig. 69) is supplied to the phase shifter PS of the transmission system
through a signal path (not shown), and transmitted from the antenna
element ANT through the attenuator ATT, the transmitted signal output
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unit SG, the transmission circuit TX and the antenna sharer SW. A signal
received by each antenna element ANT is received by the received signal
measuring unit SM through the antenna sharer SW and the receiving
circuit RX of the transmission system and thereafter supplied not to the
phase extraction circuit PE and the amplitude extraction circuit AE but to a
receiving unit (not shown: refer to 1R in Fig. 69) through a signal path (not
shown) to be subjected to weighting and supplied outward as an output
signal. ' )

Fig. 2 is a schematic block diagram showing a modification of the
first basic structure of the adaptive array radio base station shown in Fig. 1.
The structure shown in Fig. 2 is identical to the first basic structure shown
in Fig. 1 except the following point:

While the phase shifter PS and the attenuator ATT of each

_ transmission system are provided in the signal processing circuit 20 in Fig.

1, a phase shifter PS and an attenuator ATT corresponding thereto are
provided outside a signal processing circuit 20, i.e., between a transmitted
signal output unit SG and a transmission circuit TX of each transmission
system.

Thus, the positions for arranging the phase shifter PS and the
attenuator ATT are not restricted so far as the phase shifter PS and the
attenuator ATT are provided between the memory 21 and each antenna
sharer SW, and one of the phase shifter PS and the attenuator ATT may be
provided in the signal processing circuit 20 while arranging the other one
outside the signal processing circuit 20, although this arrangement is not
illustrated in particular.. Further, the phase shifter PS and the attenuator

~ ATT may be provided both inside and outside the signal processing circuit

20.

[Outline of Second Basic Structure]

Fig. 8 is a schematic block diagram showing a principal part of a -
second basic structure of the adaptive array radio base station according to
the present invention. The second basic structure shown in Fig. 3 is
identical to the first basic structure shown in Fig. 1 except the following
point: '
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An antenna sharer SW of each transmission system is not supplied
with a control signal from a control unit 22, and each antenna sharer SW is
not so switched that a signal from a transmission circuit TX is directly .
supplied to a receiving circuit RX, dissimilarly to the first basic structure of
Fig. 1. Therefore, a signal from the transmission circuit TX of each
transmission system is necessarily transmitted from the antenna element
ANT through the corresponding antenna sharer SW, and a signal received
at the antenna element ANT is supplied to the receiving circuit RX through
the corresponding antenna sharer SW. The remaining structure is
identical to the first basic structure shown in Fig. 1, and redundant
description is not repeated. _

Fig. 4 is a schematic block diagram showing a modification of the
second basic structure of the adaptive array radio base station shown in Fig.
3. The structure of Fig. 4 is identical to the second basic structure shown
in Fig. 3 except the following point: o
~° While the phase shifter PS and the attenuator ATT of each
transmission system are provided in the signal processing circuit 20 in Fig.
3, a phase shifter PS and an attenuator ATT corresponding thereto are
provided outside a signal processing circuit 20 in the modification shown in
Fig. 4. _

As described with reference to the modification of Fig. 2, the
positions for arranging the phase shifter PS and the attenuatox ATT are
not restricted so far as the phase shifter PS and the attenuator ATT are
provided between the memory 21 and each antenna sharer SW, and one of
the phase shifter PS and the attenuator ATT may be provided in the signal
processing circuit 20 while arranging the other one outside the signal
processing circuit 20, although this arrangement is not illustrated in
particular. Further, the phase shifter PS and the attenuator ATT may be
provided both inside and outside the signal processing circuit 20.

While the operation principles and specific embodiments of these
first and second basic structures are now individually described, various
types of variables employed in the following description are defined
beforehand as follows:
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Si(t): known signal output from j-th transmitted signal output unit

SG; :
RX(t): signal Si(t), output from j-th transm1tted signal output unit
SGi, measured by k-th received signal measuring unit SMx

6;: phase rotation quantity of signal resulting from passage through
j-th phase shifter PS;

A¢RXj: phase rotation quantity of signal resulting from passage
through j-th receiving circuit RX;

AJTX;: phase rotation quantity of signal resulting from passage
through j-th transmission circuit TX;

¢i:  sum of phase rotation quantity of signal resulting from passage

_through j-th antenna sharer SWj to j-th antenna element ANT), phase

rotation quantity of radio signal resulting from propagation through j-th
antenna element ANTj to k-th antenna element ANTk and phase rotation
quantity of signal resulting from passage through k-th antenna element
ANTX to k-th antenna sharer SWk '

A;:  amplitude fluctuation quantity of signal resultmg from passage
through j-th attenuator ATT)

ARX;: amplitude fluctuation quantity of signal resultmg from
passage through j-th receiving circuit RX;

ATX;: amplitude fluctuation quantity of signal resulting from

~ passage through j-th transmission circuit TX;

Ajx: sum of amplitude fluctuation quantity of signal resulting from
passage through j-th antenna sharer SW;j to j-th antenna element ANT;,
amphtude fluctuation quantity of radio s1gna1 resulting from propagation

: through j-th antenna element ANT; to k-th antenna element ANTx and

amplitude fluctuation quantity of signal resulting from passage through k-
th antenna element ANTx to k-th antenna sharer SWx '
n: number of antenna elements (aumber of transmission systems)
Fig. 5 shows the phase rotation quantities and the amplitude
fluctuation quantities of the signals, included in the aforementioned
various types of variables, displayed on corresponding portions of the first
and second basic structures described above.
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[Operation Principle of First Basic Structure]

Fig. 6 typically illustrates the mode of transmission/receiving of
signalsin calibration in the adaptive array radio base station according to
the first basic structure of the present invention shown in Fig. 1. The
operation principle of the adaptive array radio base station according to the
first basic structure of the present invention is now described with
reference to Fig. 6.

In calibration, the phase rotation quantity of the phase shifter PS; of
the j-th transmission system, for example, is set to 0 and the amplitude
fluctuation quantity A; of the attenuator ATT; is set to 1 (=0 dB)
respectively in response to a control signal from the control unit 22. The
memory 21 outputs the known signal S;(t) corresponding to the j-th
transmission system under control of the control unit 22, for transmitting
the same as a radio signal through the phase shifter PS;, the attenuator

 ATT;, the transmitted signal output unit SG;, the transmission circuit TX;,

the antenna sharer SW; and the antenna element ANT; of this transmission
system. :

The transmitted radio signal is received in each of the remaining
transmission systems excluding the j-th transmission system, e.g., in the

‘antenna element ANTx and the receiving circuit RXk of the k-th

transmission system, and measured by the received signal measuring unit

SMz as a received signal RXjk(t). _
The control signal from the control unit 22 switches a switch of the

antenna sharer SWj of the j-th transmission system to connect the

‘transmission circuit TX; to the receiving circuit RX; of this transmission -

system, so that the receiving circuit RX; of the transmission system itself
receives the signal transmitted from the transmission circuit TX; and the
received signal measuring unit SM;j measures the signal as a received
signal RX;(t). | |

The following equation (1-1) expresses the signal RXjx(t) transmitted
from the j-th transmission system and received and measured in the k-th
transmission system, while the following equation (1-2) expresses the
signal RXjx(t) received and measured in each of the first to n-th
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transmission systems after sequentially switching the transmission system

~ transmitting the signal from the first to n-th transmission systems:

RXj(t) = A ATX; ARX expfi(gn+ APTX; + AGRXu)}Si(E) + njk(t),

k=12, -, n) +(1-1)

RXjx(t) = Ajx ATX; ARX« exp{i(px+ AQTX; + AQRX0}S;(t) + nix(t),

G=1,2, -,n), k=12, -, n)
where Aj = 1 and ¢jx = 0 (when j = k) : --+(1-2)

In the above equations, nj(t) represents noise and i represents an
imaginary unit (@ =-1).

Both sides of the above equation (1-2) are divided by the known
signal S;(t) in transmission as expressed in the following equation (1-3),
and the natural logarithms of both sides of this equation are calculated as
expressed in the following equation (1-4): _

Ajx ATX; ARXx expfi(¢pix + ATX; + ApRXw)} + njx(t)/S;(t) = RXi(t)/Si(t)
| . +++(1-3)

loge[Ajx ATX; ARXrexpf{i(pi + APTX;+ ARXW} + njx(t)/Si(t)] |

= loge[RXx(t)/S;(D)] {19

In the above equations, loge[] represents the natural logarithm of ['].
The left side of the equation (1-4) is expressed as loge[v + w], where

A ATX;ARXxexp{i(dix + APTX; + A9RXw)} = vou(t)/Si(t) = w

Assuming that the signal power-to-noise power ratio (S-N ratio) is
sufficiently excellent, v is greater than w.

The left side of the equation (1-4) subjected to the aforementioned
replacement is Taylor-expanded to find the following equation (1-5), and
the terms follqwing w/v on the right side of the equation (1-5) are ignorable .
since it is assumed that the S-N ratio is sufficiently excellent (| wiv| << 1).
The following equality (1-6) results from the right sides of the above |

- equations (1-4) and (1-5):

loge[v + w] = loge[v] + wiv — (WH)2/2 + (WV)3/3 —--- ' ---(1-5)'
loge[Ajx ATX; ARXk] + i(pix + APTX; + APRXx) = loge[RX(£)/Sj(t))
' --+(1-6)

The following equation (1-7) is deduced when noting the imaginary
part of the above equation (1-6), while the following equation (1-8) is
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deduced when noting the real part. It is assumed that Im[-] represents the
imaginary part of '] and Re[] represents the real part of [[] in these

equations. S _
b+ APTX; + APRXx = Im[loge{RX(t)/Si(1)}]
5 = Im[flog{RXx(t)}] - Im[loge{S;(t)}],
G=12, ~,n), k=1,2, -, n),
where ¢ix =0 (when j =k) _ +(1-7)

loge[Ajx ATX; ARXx] = Re[loge{RX(t)/S;(t)}]
| = Refloge{RXjx(t)}] ~ Re[loge{S;(t)}],
10 G=1,2, -»-,n), k=12, -, n), -
where_ Aix =1 (whenj=k) ++(1-8)
The equation (1-7) related to the phase and the equation (1-8) related
to the amplitude are separated through the aforementioned processing.
In the above equations, RXx(t) represents an actually measured
15 received signal and Sj(t) represents a known signal. Therefore, the values
of the right sides of the equations (1-7) and (1-8) can be readily found by *
calculation.
Assuming that Yjk and Xjx represent the values found by calculating
the right sides of the equations (1-7) and (1-8) respectively, these values are
20 expressed in the following equations (1-9) and (1-10):
Yix= ¢+ APTX;+ A¢RXx,
G=1,2, -, n), &k=1,2, -, n).

where ¢jk = 0 (when j =k) _ ~+(1-9)
Xik = loge[An] + loge[ATX;] + logs[ARXu], '
25 . G=L2, +,m), k=L2, :,n), |
: S where Ajx = 1 (wheﬁj =k) o L e(1-10)

The above equation (1-9), simultaneous linear equations consisting of
n’ linear equations, is expressed in the following equations (1-11):
Y= APTX1+ APRX) '
30 Yi2= ¢p12+A¢TX:1 + AgRXo

Yon = AQTXn+ APRXa *++(1-11)
where ¢j and ¢i5 represent the phase rotation quantities of signals
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propagating in opposite directions while passing through the same circuit

* and propagation path, the values of which match with each other (where j =

k). Therefore, the number of unknown variables ¢ in the simultaneous.
linear equations (1-11) is n(n ~1)/2, and the number of unknown variables
APTX; and A¢RXkis2n (G=1, 2, -, n), k=1, 2, ', n)). Hence, the sum of
unknown variables in the above simultaneous linear equations (1-11) is (n®
+ 3n)/2. _

The above equation (1-10), also simultaneous linear equations
consisting of n* linear equations, is expressed in the following equations (1-

- 12):

Xi11= logeJATX1] + logeJARX:]
X12=loge[A12] + log.[ATX1] + loge[ARX:]

Xuon = loge[ATXn] + loge[ARXs] ++(1-12)
where Ajx and Ay represent the amplitude fluctuation quantities of signals
propagating in opposite directions while passing through the same circuit

. or propagation path, the values of which match with each other (where j =

k). Therefore, the number of unknown variables loge[As] in the
simultaneous linear equations (1-12) is n(n -1)/2, and the number of
unknown variables logs[ATX;] and log.[ATXk]is 2n (=1, 2, -, n), k=1, 2,
-, n)). Hence, the sum of unknown variables in the above simultaneous
linear equations (1-12) is also (n? + 3n)/2.

In order to solve these simultaneous linear equations, the sum n? of
the equations forming the same must be at least identical to the number (n*
+ 3n)/2 of the unknown variables. In other words, n* = (n* + 3n)/2 holds
when n is at least 3, and hence the humber of the equations exceeds that of
the unknown variables in each of the simultaneous linear equations (1-11)
and (1-12) if the number n of the signal transmission systems is at least 3,
and the values of all unknown variables can be found in both simultaneous
linear equations.

The phase rotation quantities AJTX; and the amplitude fluctuation
quantities ATX; of the signals resulting from passage through the
transmission circuits TX; G=1, 2, -, n) and the phase rotation quantities
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A¢RX; and the amplitude fluctuation quantities ARX; of the signals
resulting from passage through the receiving circuits RXj can be calculated
in all transmission systems by solving the abdve simultaneous linear
equations (1-11) and (1-12).

' The differences in a phase rotation quantity and in an amplitude
fluctuation quantity between the received signal and the transmitted signal
can be compensated for in each transmission system for calibrating the
transmission characteristics by supplying information on the difference
between the phase rotation quantities of the receiving circuit and the
transmission circuit of each transmission system estimated by the
aforementioned calculation to the phase shifter of the transmission system
while supplying information on the difference between the amplitude
fluctuation quantities of the receiving circuit and the transmission circuit
of each transmission system to the attenuator of the transmission system.

While the natural logarithm of the signal found by dividing the
measured signal RXj(t) by the known signal Sj(t) is separated into the
imaginary part and the real part in the above description of the operation
principle, the operation principle of the adaptive array radio base station
according to the present invention can also be implemented through a
quadrature detection circuit having a function of separating an input signal
into a real part and an imaginary part and outputting the same. In other
words, the phase component and the amplitude component of the received
signal can be readily extracted with an I signal and a Q signal output from
the quadrature detection circuit.

For example, it is assumed that the 51gna1 {RX;x(t)/S;(t)} on the right
s1de of the equation (1- 3) found by dividing the measured received signal by
the known signal is input in the quadrature detection circuit and separated
into an I signal and a Q signal. Assuming that A represents the amplitude
value of the input signal in the quadrature detection circuit, this amplitude
value is expressed as follows:

A=(I*+QH)”

Assuming that 8 represents the phase value of the input signal in the
quadrature detection circuit, this phase value is expressed as follows:
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0=Tan1 Q1) (whenQ>0)

8=Tan! (QD+x (whenQ<0)

where 0 < Tan! QD) <x .

Also when employing such a quadrature detection circuit, therefore,
the phase component and the amplitude component can be readily
separated from each other. The technique of extracting the phase
component and the amplitude component with the quadrature detection
circuit itself is well known in the art. '

When implementing the first basic structure of the present invention
with the quadrature detection circuit, the output signal Yjx from the phase
extraction circuit and the output signal Xjx from the amplitude extraction
circuit are expressed as follows:

Yix = ik + APTX; + ApRXk

Xik = A ATX;ARXx _

Therefore, the received signal can be separated into an equation
related to the phase and an equation related to the amplitude, and the
phase rotation quantity difference as well as the amplitude fluctuation
difference between the transmission circuit and the receiving circuit can be
calculated through a procedure similar to the aforementioned procedure.

Also in each of the embodiments described later, the aforementioned
technique of the quadrature detection circuit can be employed for
extracting a phase component and an amplitude component from a signal
obtained by dividing a received signal by a known signal.

The transmission characteristics of the transmission circuit and the

| receiving circuit regularly change due to external factors such as the

temperature, and hence the adaptive array radio base station according to
the present invention performs the aforementioned estimation of the |
transmission characteristics and calibration at intervals of several hours
with frequency of several times a day. '

In practice, a microcomputer forming the signal processing circuit 20
executes the aforementioned operations of the first basic structure of the
present invention in a software manner. Figs. 7 and 8 are flow charts of
the aforementioned operations of the first basic structure implemented with
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the microcomputer in a software manner.

First, an instruction for estimation of phase and amphtude errors is
issued at a prescribed timing (or with an external command), for starting
the aforementioned calibration.

' The microcomputer selects the j-th = first transmission system at a
step S1-1, and sets the phase rotation quantity of the phase shifter PSi of

this transmission system to 0 while setting the amplitude fluctuation

quantity A: of the attenuator ATT: to 1 (=0 dB) at a step S1-2. The
memory 21 outputs the known signal Si(t) corresponding to the first
transmission system.

Then, the microcomputer sets the variable k to 1 at a step S1-3, and
determines whether or not this transmission system corresponds to the k-th
= first transmission system at a step S1-4. Sincek =j =1, the
microcomputer switches the antenna sharer SW1 to connect the
transmission circuit TXi1 and the receiving circuit RXi of this transmlssmn

- system with each other at a step S1-5.

Then, the microcomputer measures a received signal RX11(t) with the
received signal measuring unit SM: of the first transmission system on the
basis of the above equation (1-1), calculates RX11(t)/S1(t) through the
equation (1-3) and separates the same into an imaginary part and a real
part through the equations (1-6), (1-7) and (1-8) at a step S1-6. The
microcomputer extracts the phase component of RX1:(t)/S:(t) along the
equation (1-9) and stores the same in the memory 21 as Yu, while
extracting the amplitude component of RX11(t)/S1(t) along the equat10n (1-
10) and storing the same in the memory 21 as Xu.

- Then, the microcomputer increments the value k one by one at steps
S1-7, S1-8 and S1-4, and switches the antenna sharer SW1 to connect the
transmission circuit TXi1 and the antenna element ANT) of this
transmission system (j = 1) with each other at a step S1-6.

Then, the microcomputer measures the radio signal transmitted from
the antenna element ANT of the first transmission system with the
received signal measuring unit SMx of the k-th transmission system for
finding RXik(t), calculates the phase component Yix and the amplitude
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component Xix of RX1x(t)/S1(t) along the equations (1-6) to (1-10) as
described above and stores the same in the memory 21 at a step S1-6.

' When determining that k reaches n at the step S1-7, the
microcomputer increments the value j by 1 at steps S1-10 and S1-11 and
repeats the operations of the aforementioned steps S1-2 to S1-9 in the next
j-th = second transmission system.

Thus, when the microcomputer determines that j reaches n at the
step S1-10, it follows that Yjx and Xjx for all combinations of G = 1, 2, -+, n)
and (k= 1, 2, -, n) are calculated and stored in the memory 21.

Then, the microcomputer solves the aforementioned two
simultaneous linear equations (1-11) and (1-12) with all Yx and Xp G=1, 2,
-, n), k=1, 2, -, n) stored in the memory 21 at a step S1-12 shown in Fig.
8. :

Then, the microcomputer sets the calculated difference in the phase
rotation quantity and the calculated ratio of the amplitude fluctuation

‘quantity between the transmission circuit and the receiving circuit of each

transmission system in the phase shifter PS (previously set to 0) and the
attenuator ATT (previously set to 1) of the corresponding transmission
system respectively at a step S1-13. Thus, the microcomputer
compensates for the differences in the aforementioned transmission
characteristics and executes calibration in transmission in each
transmission system.

Figs. 9 and 10 are flow charts showing a modification of the
aforementioned operations shown in Figs. 7 and 8. The operations shown
in Figs. 9 and 10 are identical to the operations shown in Figs. 7.and 8
except the following poiﬁts, and hence redundant description is not .
repeated for common operations. _

While the microcomputer sets the phase rotation quantity of the
phase shifter of each transmission system to 0 while setting the amplitude
fluctuation quantity of the attenuator to 1 (= 0 dB) at the step S1-2 in the
example shown in Fig. 7, the microcomputer performs no such setting but
measures the current phase rotation quantity 6; of the phase shifter PS; and
the current amplitude fluctuation quantity A; of the attenuator ATT; for

-927.



10

15

20

25

30

storing the values in the memory 21 respectively at the step S1-2a in the
example shown in Fig. 9. :

, While the microcomputer sets the difference in the phase rotation .
guantity and the ratio of the amplitude fluctuation quantity between the
transmission circuit and the receiving circuit calculated for each
transmission system in the phase shifter, previously set to 0, and the
attenuator, previously set to 1, of the corresponding transmission system
thereby performing calibration for compensating for the phase rotation
quantity difference and the amplitude fluctuation quantity difference at the
step S1-13 in the example shown in Fig. 8, the microcomputer reads initial
values 8j and A; of the phase shifter and the attenuator measured and
stored in the memory 21 at the step S1-2a of Fig. 9 when starting
calibration and compensates for these initial values 8; and A; with the
calculated difference in the phase rotation quantity and the calculated ratio
of the amplitude fluctuation quant1ty thereby performmg cahbratmn ata

step S1-13a.

Fig. 11 is a block diagram showing the structure of a 51g'na1
processing circuit 20 of an adaptive array radio base station according to
another modification of the first basic structure of the present invention
shown in Fig. 1 for estimating only the difference between phase rotation
quantities of a transmission circuit and a receiving circuit of each
transmission system. The circuit structure shown in Fig. 11 is identical to
the first basic structure shown in Fig. 1 except that the attenuator ATT)
and the amplitude extraction circuit AE; (j = 1, 2, -, n) are omitted in each

~transmission system, and hence the description of Fig. 11is apphed to this
} .'mod1ﬁcat10n for omitting descnptlon of Fig. 11.

Fig. 12 is a flow chart of operations of the circuits shown in F1g 11.
implemented with a microcomputer in a software manner. This flow chart
is identical to the operation flow charts of the first basic structure shown in
Figs. 7 and 8 except that operations related to the amplitude component are
omitted, and hence the description of Figs. 7 and 8 is applied to this flow
chart for omitting description of Fig. 12.

Fig. 13is a block diagram showing the structure of a signal
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processing circuit 20 of an adaptive array radio base station according to
still another modification of the first basic structure of the present
invention shown in Fig. 1 for estimating only the difference in amplitude
fluctuation quantity between a transmission circuit and a receiving circuit
of each transmission system. The circuit structure shown in Fig. 13 is
identical to the first basic structure shown in Fig. 1 except that the phase
shifter PS; and the phase extraction circuit PE; § = 1, 2, -+, n) are omitted in
each transmission'system, and hence the description of Fig. 1is applied to
this modification for omitting description of Fig. 13.

Fig. 14 is a flow chart of operations of the circuits shown in Fig. 13
implemehted with a microcomputer in a software manner. This flow chart
is identical to the operation flow charts of the first basic structure shown in
Figs. 7 and 8 except that operations related to the phase component are
omitted, and hence the description of Figs. 7 and 8 is applied to this flow
chart for omitting description of Fig. 14.

" [Embodiments of First Basic Structure]

First Embodiment

Fig. 15 is a block diagram showing a specific circuit structure of a
signal processing circuit 20 of an adaptive array radio base station
according to a first embodiment of the first basic structure of the present
invention shown in Fig. 1. .

In contrast with the circuit structure of Fig. 1, a phase extraction
circuit PE; and an amplitude extraction circuit AE; G = 1, 2, -, n) of each
transmission system are formed by a single multiplier MP; and a single
signal processing circuit SP;j in the first basic structure. : _

The multiplier MP; (j = 1, 2, -, n) of each transmission system -
operates the equation (1-3) described with reference to Fig. 6. In other
words, the multiplier MP; divides a received signal measured in a received
signal measuring unit SM; by a known transmitted signal S;(t) of the
transmission system.

Then, the signal processing circuit SP; G =1, 2, -, n) of each
transmission system operates the equations (1-4) to (1-10) described with
reference to Fig. 6. In other words, the signal processing circuit SP;
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calculates the natural logarithm of an output from the corresponding
multiplier MP;, extracts its imaginary part as Ymj and forms the equation
(1-9) related to the phase while extracting the real part as Xuj and forming
the equation (1-10) related to the amplitude.

Fig. 16 is a flow chart illustrating operations of the first embodiment
shown in Fig. 15 in correspondence to the first half of the operations of the
first basic structure shown in Fig. 7. In correspondence to the flow chart
of Fig. 7, Fig. 16 specifically describes the contents of signal processing
performed at the step S1-6 of Fig. 71in a step S1-6d. At the step S1-6d
shown in Fig. 16, a microcomputer calculates the natural logarithm of
RXx(t)/Sj(t) and extracts its imaginary and real parts, thereby finding the
equations (1-9) and (1-10) of the phase component and the amplitude
component respectively. '

Second Embodiment

Fig. 17 is a block diagram showing a specific circuit structure of a
signal processing circuit 20 of an adaptive array radio base station
according to a second embodiment of the first basic structure of the present
invention shown in Fig. 1.

In contrast with the circuit structure of Fig. 1, a phase extraction
circuit PE; and an amplitude extraction circuit AE; § = 1, 2, -, n) of each
transmission system are formed by a single signal processing circuit SP;
and two signal subtracters SA; and SB; in the first basic structure.

| The signal processing circuit SP; § = 1, 2, -, n) of each transmission
system calculates the natural logarithm of a received signal measured in a
received signal measuring unit SM;, extracts its imaginary part and
supplies the same to the subtracter SA; while extracting the real part and
supplying the same to the other subtracter SB;. _

The aforementioned subtracter SA; subtracts an imaginary part
Im[loge{S;(t)}] of a value found by calculating the natural logarithm of a
known transmitted signal S;(t) of the transmission system from the
imaginary part of the supplied received signal. The other subtracter SB;
subtracts a real part Re[log.{S;(t)}] of the value found by calculating the
natural logarithm of the known transmitted signal Sj(t) of the transmission
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system from the real part of the supplied received signal.
The result of the subtraction of the imaginary part found by the

‘subtracter SA; is extracted as Yu; for forming the equation (1-9) related to

the phase, while the result of the subtraction of the real part found by the
other subtracter SB;j is extracted as Xuj for forming the equation (1-10)
related to the amplitude.

According to the second embodiment shown in Fig. 17, as described
above, the imaginary part and the real part of the received signal are
previously separated for thereafter subtracting the imaginary part and the
real part of the known signal S;(t) respectively.

In the first embodiment described with reference to Figs. 6 and 15,
on the other hand, the received signal is divided by the known signal in
advance of separation into the imaginary part and the real part in reverse
order of operations. However, the equations (1-9) and (1-10) are finally
found in either case and hence the circuit structure shown in Fig. 17 is

" conceivably equivalent to the first basic structure shown in Fig. 1. -

Fig. 18 is a flow chart illlustrating operations of the second
embodiment shown in Fig. 17 in correspondence to the first half of the
operations of the first basic structure shown in Fig. 7. In contrast with the
flow chart of Fig. 7, Fig. 18 specifically describes the contents of signal
processing performed at the step S1-6 of Fig. 7 in a step S1-6e. At the step
S1-6e shown in Fig. 18, a microcomputer subtracts an imaginary part and a
real part of a value found by calculating the natural logarithm of S;(t) from
an imaginary part and a real part of a value found by calculating the

.natural logarithm of RXjx(t), thereby finding the equations (1-9) and (1-10)

of the phase component and the amplitude component respectively.

The first and second embodiments have been described on the
premise that the S-N ratio is sufficiently excellent, as described above. In
other words, each of the first and second embodiments shown in Figs. 15 to
18 is effective when a received signal has an excellent S-N ratio, and can
estimate the phase rotation difference and the amplitude fluctuation
difference between the transmission circuit and the receiving circuit of each
transmission system with a relatively small signal processing quantity as
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compared with the remaining embodiments described later.

[Operation Principle of Second Basic Structure]

Fig. 19 typically illustrates the mode of transmlssmnlrecewmg of
signals in calibration in the adaptive array radio base station according to
the second basic structure of the present invention shown in Fig. 3. The
operation principle of the adaptive array radio base station according to the
second basic structure of the present invention is now described with
reference to Fig. 19.

In calibration, the phase rotation quantity of the phase shifter PS; of
the j-th transmission system, for example, is set to 0 and the amplitude
fluctuation quantity A; of the attenuator ATT; is set to 1 (=0 dB)
respectively in response to a control signal from the control unit 22. The
memory 21 outputs the known signal Sj(t) corresponding to the j-th |
transmission system under control of the control unit 22, for transmitting
the same as a radio signal through the phase shifter PS;, the attenuator
ATT;, the transmitted signal output unit SG;, the transmission circuit TX;,
the antenna sharer SW; and the antenna element ANT of this transmission
system. _

The transmitted radio signal is received in each of the remaining
transmission systems excluding the j-th transmission system, e.g., in the
antenna element ANTk and the receiving circuit RX« of the k-th _
transmission system, and measured by the received signal measuring unit
SMk as a received signal RX(t).

In the adaptive array radio base station according to the second basic -
structure shown in Fig. 19, the antenna sharer SW is not switched to _
connect the transmission circuit TX and the receiving circuit RX with each
other in the corresponding transmission system, dissimilaxly to the
adaptive array radio base station according to the first basic structure
shown in Fig. 6. :

The following equation (1-13) expresses the signal RXjx(t)
transmitted from the j-th transmission system and received and measured
in the k-th transmission system, while the following equation (1-14)
expresses the signal RXk(t) received and measured in each of the first to n-
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th transmission systems excluding the transmission system transmitting
the signal after sequentially switching the transmission system -

- transmitting the signal from the first to n-th transmission systems: -

RXik(t) = Ajx ATX; ARXk expfi(dix + AYTX;+ A¢RXw)} Si(t) + np(t)
k=12, -,n)
where k = j --(1-13)
RX(t) = A ATX: ARXx expfi(¢n+ A¢TX1 + A¢RXk)}S;(t) + nik(t)
G=1,2, -,n), k=1,2, -,n)
wherej=k -+(1-14)

Both sides of the above equation (1-14) are divided by the known
signal S;(t) in transmission as expressed in the following equation (1-15),
and the natural logarithms of both sides of this equation are calculated as
expressed in the following equation (1-16):

- Ajx ATX; ARXk expfi(dix + APTX; + A¢RXw)} + njx(t)/S;t) = RXjk(t)/S;(t)
_ -+(1-15)
loge[Aik ATX; ARXxexp{i(pi+ AYTX; + ApRXW} + njn(t)/Si(t)]
= loge[RXix(t)/Si(t)] ++(1-16)

The left side of the equation (1-16) is expressed as loge[v + w], where

A ATX;ARXexp{i(dik + AGTX; + ApRXw)} = vou(t)/Si(t) = w

Assuming that the signal power-to-noise power ratio (S-N ratio) is
sufficiently excellent, v is greater than w.

The left side of the equation (1-16) subjected to the above
replacement is Taylor-expanded to find the following equation (1-17), and
the terms following w/v on the right side of the equation (1-17) are
ignorable since it is assumed that the S-N ratlo is suﬂiclently excellent
(Iwh| << 1) as described above. : : '

The following equality (1-18) results from the right sides of the above
equations (1-16) and (1-17):

logalv + wi=loga[v] + wiv - (W2 + (Wh)¥3 — ee(1-17)
loge[Ax ATX; ARX] + 1(¢,k+ APTX; + AJRX) = loge[RX,k(t)IS,(t)]
(1-18)

The following equation (1-19) is deduced when noting the imaginary
part of the above equation (1-18), while the following equation (1-20) is
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deduced when noting the real part.

| ¢Jk+ AYTXj+ ARXx = Im[l°€e{RXJk(t)/SJ(t)}]
= Imflog.{RXi(t)}] - Imlloge{Ss(t)}]
=142, -, mn), k=12, -, n), o
wherej=k -++(1-19)

loge[Ajx ATX; ARXx] = Re[loge{RXi(t)/Si(t)}]

= Refloge{RXu(t)}] — Re[loge{Si(t)}],
G=12, -,n), k=12, -, n), .
wherej=k . --+(1-20)

The equation (1-19) related to the phase and the equation (1-20)
related to the amplitude are separated through the aforementioned
processing.

In the above equations, RXjk(t) represents an actually measured
received signal and S;(t) represents a known signal. Therefore, the values
of the right sides of the equatmns (1 19) and (1-20) can be readxly found by
calculation. :

Assuming that Yix and Xjx represent the values found by calculating
the right sides of the equations (1-19) and (1-20), these values are
expressed in the following equations (1-21) and (1-22) respectively:

Yix= ¢+ APTX;j+ ApRXx, (G=1,2, *-,n), (k=1,2, -, n),

where j = k -(1-21)
Xix = loge[Ajx] + loge[ATX;] + loge.[ARX:],
' G=12, ~,n), k=12, - n),
wherej=k -++(1-22)

When substituting Yix — Yij = Zj in the equation (1-21) as to the .
phase information obtained in the aforementioned manner, the following
equation (1-23) is found. When substituting Xjx ~ Xi = Vjk in the equation
(1-22) as to the obtained amphtude information, the following equation (1-
24) is found:

Zix= (b= — ¢wj) + (A¢ka A¢TXk) (AORX; - APTX)),

6=12, «-,n-1), k=j+1,j+2, -, n) -+(1-23)
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Vie= (logo[An] - logs[Ax]) + (log[ARX\] - logJATXi])
- (loge[ARX]] - logs[ATX;]), - . ' :
1 (=1,2, 01, (k=j+1,j+2, =, n) . e(1-24).

- where ¢jk and ¢x represent the phase rotation quantities of signals

propagating in opposite directions while passing through the same circuit
and propagation path, the values of which match with each other (where j =
k). Hence, the following equation (1-25) holds.

On the other hand, log.[Aixj and log.[Ai] represent the amplitude
fluctuation quantities of signals propagating in opposite directions while
passing through the same circuit and propagation path, the values of which
match with each other '(wherej # k). Hence, the following equation (1-26)
holds:

¢jk= ¢lq.’ (i = 1’ 2’ “" n)’ (k= 1’ 23 ...’ n)’

wherej= k -+(1-25)
loge[Ajk] = logG[Akj]’ (i = 1’ 2’- ..', n)’ (k = 1’ 2’ ....’ n)’
wherej=k ' : ' «+(1-26)

Assuming that A¢j represents the difference between phase rotation
quantities of a signal passing through the receiving circuit of the j-th
transmission system and passing through the transmission circuit of the j-
th transmission system, this difference is expressed in the following
equation (1-27), and assuming that AA; represents the difference between
amplitude fluctuation quantities of the signal passing through the
receiving circuit of the j-th transmission system and passing through the
transmission circuit of the j-th transmission system, this difference is
expressed in the following equation (1-28): . o

Adi= AJRX;- AGTX;, G=1,2, =, n) IR ¢ 1)

AA;j=loge[ARX]] - log.[ATX)], (G=1,2, -, n) -++(1-28)

When substituting the equations (1-25) and (1-27) in the above
equation (1-23), the following equation (1-29) is found:

Zix = Adx - Adj, G=1,2, ,n-1), k=j+l,j+2, -, n) ---(1-29)

This equation, simultaneous equations having n unknown variables
and n(n - 1)/2 independent linear equations, is expressed as follows:
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Zi2= A2~ Adn
Z1s= Ads - Ad1

Znin= A¢n - A¢n—1 ' ' . '(1“30)

When substituting the equations (1-26) and (1-28) in the above
equation (1-24), the following equation (1-31) is found:

Vik=AAx- A4, (G=1,2, -,n-1), k=j+1,j5+2, -, n) ---(1-31)

This equation, also simultaneous equations having n unknown
variables and n(n - 1)/2 independent linear equations, is expressed as
follows:

Viz= AAz- AA

Vis=AAs~ AAy

Vo1n= AAn- AAna "'(1-32)
In order to solve these simultaneous linear equations, the sum n(n -
1)/2 of the equations forming the same must be at least identical to the

- number n of the unknown variables. In other words, n(n - 1)/2 2 n holds

when n is at least 3, and hence the number of the equations exceeds that of
the unknown variables in the simultaneous linear equations (1-31) and (1-
32) if the number n of the signal transmission systems is at least 3, and the
values of all unknown variables can be found in both simultaneous linear
equations.

The differences A¢; G = 1, 2, -, n) between the phase rotation
quantities of the signals passing through the transmission circuits and the
receiving circuits and the differences AA; G = 1, 2, -, n) between the
amplitude fluctuation quantiti_es thereof can be calculated in all
transmission systems by solving the simultaneous linear equations (1-31)
and (1-32).

The differences in a phase rotation quantity and in an amplitude -
fluctuation quantity between the received signal and the transmitted signal
can be compensated for in each transmission system for calibrating the
transmission characteristics by supplying information on the difference
between the phase rotation guantities of the receiving circuit and the
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‘transmission circuit of each transmission system estimated by the

aforementioned calculation to the phase shifter of the transmission system

‘while supplying information on the difference between the amplitude

fluctuation quantities of the receiving circuit and the transmission circuit
of each transmission system to the attenuator of the transmission system.
In practice, a microcomputer forming the signal processing circuit 20

‘executes the aforementioned operations of the second basic structure of the

present invention in a software manner. Figs. 20 and 21 are flow charts of
the aforementioned operations of the second basic structure implemented
with the microcomputer in a software manner.

First, an instruction for estimation of phase and amplitude errors is
issued at a prescribed timing (or with an external command), for starting
the aforementioned calibration.

The microcomputer selects the j-th = first transmission system at a
step S2-1, and sets the phase rotation quantity of the phase shifter PS; of
this transmission system to 0 and the amplitude fluctuation quantity A: of
the attenuator ATT: to 1 (= 0 dB) at a step S2-2. The memory 21 outputs
the known signal Si(t) corresponding to the first transmission system.

Then, the microcomputer sets the variable k to 1 at a step S2-3, and
determines whether or not this transmission system corxresponds to the k-th
= first transmission system at a step S2-4. Since k=j =1, the
microcomputer pexrforms no processing but increments the value k by 1 at
steps S2-6 and S2-7. When determining k = j at the step S2-4, the
microcomputer measures the radio signal transmitted from the antenna
element ANT: of the first transmission system with the received signal

measuring unit SMx of the k-th transmission system, finds RXu(t),

calculates the phase component Yix and the amplitude component Xix of
RXu/Si(t) along the equations (1-13) to (1-22) as described above and stores
the same in the memory 21. '

When determining that k reaches n at the step S2-6, the
microcomputer increments the value j by 1 at steps S2-8 and S2-9 and
repeats the aforementioned operations thrdugh the steps S2-2 to S2-7 for
the next transmission system j = 2.
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Thus, when the microcomputer determines that j reaches n at the
step S2-8, it fo]lows that Yix and Xjx for all combinations of G=1, 2, -, n) -
and(k=1,2, -, n), where j j = k, are calculated and stored in the memory 21.

Then, the microcomputer sets j to 1 at a step $2-10 shown in Fig. 21,
sets ktoj+ 1 at a step S2-11, calculates Zjx = Yik — Yy and Vik = Xjx — Xij as
described above and stores the results in the memory 21. The
microcomputer calculates Zjx and Vi while incrementing k one by one
through steps S2-13 and S2-14, increments j one by one through steps S2-
15 and S2-16 when determining that k reaches n at the step S2-13, and
repeats the aforementioned calculation of Zx and Vic. When the
microcomputer determines that j reaches n ~ 1 at the step S2-15, it follows
that Yix and Vi for all combinations of =1, 2, -, n) and (k= 1, 2, -+, n),
where j = k, are calculated and stored in the memory 21.

Then, the microéomputer solves the above simultaneous linear
equations (1-30) and (1-32) with all Zx and Vix G=1, 2, =, n), k=1, 2, -,
n), where j = k, stored in the memory 21 at a step S2-17. '

Finally, the microcomputer sets the difference between the phase
rotation quantities of the transmission circuit and the receiving circuit of
each transmission system and the difference between the amplitude
fluctuation quantities thereof in the phase shifter (previously set to 0) and

the attenuator (previously set to 1) of the transmission system respectively.

Thus, the microcomputer compensates for the differences between the

aforementioned transmission characteristics and executes calibration in

transmission in each transmission system. .

Figs. 22 and 23 are flow charts showing a modification of the
aforementioned operations shown in Figs. 20 and 21. The operations
shown in Figs. 22 and 23 are identical to the operations shown in Figs. 20
and 21 except the following points, and hence redundant description is not -
repeated for common operations.

While the microcomputer sets the phase rotation quantity of the
phase shifter of each transmission system to 0 while setting the amplitude
fluctuation quantity of the attenuator to 1 (= 0 dB) at the step S2-2 in the
example shown in Fig. 20, the microcomputer performs no such setting but
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measures the current phase rotation quantity 6; of the phase shifter PS; and
the current amplitude fluctuation quantity A; of the attenuator ATT; and
stores the same in the memory 21 respectively at a step S2-2a in the -
example shown in Fig. 22. _

While the microcomputer sets the difference in the phase rotation
quantity and the difference in the amplitude fluctuation quantity between
the transmission circuit and the receiving circuit calculated for each
transmission system in the phase shifter, previously set to 0, and the
attenuator, previously set to 1, of the corresponding transmission system

-thereby performing calibration for compensating for the aforementioned

differences at the step S2-18 in the example shown in Fig. 21, the
microcomputer reads initial values 6; and A; of the phase shifter and the
attenuator measured and stored in the memory 21 at the step S2-2a of Fig.
22 when starting calibration and corrects these initial values 6; and A; with
the calculated difference in the phase rotation quantity and the calculated
difference in the amplitude fluctuation qﬁantity thereby performing B
calibration at a step S-18a in the example shown in Fig. 23.

Fig. 24 is a block diagram showing the structure of a signal
processing circuit 20 of an adaptive array radio base station according to
still another modification of the second basic structure of the present
invention shown in Fig. 3 for estimating only the difference between phase
rotation quantities of a transmission circuit and a receiving circuit of each
transmission system. The circuit structure shown in Fig. 24 is identical to
the second basic structure shown in Fig. 3 except that the attenuator ATT;
and the amplitude extraction circuit AE; (j = 1, 2, -, n) are omitted in each
transmission system, and hence the descripﬁon of Fig. 8 is applied to this
modification for omitting description of Fig. 24.

Figs. 25 and 26 are flow charts of operations of the circuits shown in
Fig. 24 implemented with a microcomputer in a software manner. The
flow charts are identical to the flow charts shown in Figs. 20 and 21 except
that operations related to the amplitude component are omitted, and hence
the description of Figs. 20 and 21 is applied to these flow charts for
omitting description of Figs. 25 and 26.
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Fig. 27 is a block diagram showing the structure of a signal _
processing circuit 20 of an adaptive array radio base station according to a
further modification of the second basic structure of the present invention
shown in Fig. 3 for estimating only the difference between amplitude
fluctuation quantities of a transmission circuit and a receiving circuit of-
each transmission system. The circuit structure shown in Fig. 27 is
identical to the second basic structure shown in Fig. 3 except that the phase
shifter PS; and the phase extraction circuit PE; G = 1, 2, -, n) are omitted in '
each transmission system, and hence the description of Fig. 3 is applied to
this modification for omitting description of Fig. 27.

Figs. 28 and 29 are flow charts of operations of the circuits shown in
Fig. 27 implemented with a microcomputer in a software manner. The
flow charts are identical to the flow charts shown in Figs. 20 and 21 except
that operations related to the phase component are omitted, and hence the
description of Figs. 20 and 21 is applied to these flow charts for omitting
description of Figs. 28 and 29. ' - |

[Embodiments of Second Basic Structure]

Third Embodiment :

Fig. 30 is a block diagram showing a specific circuit structure of a
signal processing circuit 20 of an adaptive array radio base station
according to a third embodiment of the second basic structure of the present
invention shown in Fig. 3. _

In contrast with the circuit structure of Fig. 3, a phase extraction
circuit PE; and an amplitude extraction circuit AE; G = 1, 2, -, n) of each
transmission system are formed by a single multlpher MP, and a smgle
signal processing circuit SP; in the second basic.structure.

The multiplier MP; = 1, 2, -~, n) of each transmission system
operates the equation (1-15) described with reference to Fig. 19. In other
words, the multiplier MP; divides a received signal measured in a received
signal measuring unit SM; by a known transmitted signal S;j(t) of the
transmission system.

Then, the signal processing circuit SP; ( = 1, 2, -, n) of each
transmission system operates the equations (1-16) to (1-22) described with-
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reference to Fig. 19. In other words, the signal processing circuit SP;
calculates the natural logarithm of an output from the corresponding

" multiplier MP;, extracts its'imaginary part as Ymj and forms the equation.

(1-21) related to the phase while extracting the real part as Xmw; and forming
the equation (1-22) related to the amplitude.

Fig. 31is a flow chart llustrating operations of the third
embodiment shown in Fig. 30 in correspondence to the first half of the
operations of the second basic structure shown in Fig. 20. In contrast with
the flow chart of Fig. 20, Fig. 31 specifically describes the contents of signal
processing performed at the step S2-5 of Fig. 20 in a step S2-6d. At the
step S2-6d shown in Fig. 81, a microcomputer calculates the natural
logarithm of RXjk(t)/Si(t) and extracts its imaginary and real parts, thereby
finding the equations (1-21) and (1-22) of the phase component and the
amplitude component.

Fourth Embodiment

Fig. 32 is a block diagram showing a specific circuit structure of a
signal processing circuit 20 of an adaptive array radio base station
according to a fourth embodiment of the second basic structure of the
present invention shown in Fig. 3.

In contrast with the circuit structure of Fig. 3, a phase extraction
circuit PE; and an amplitude extraction circuit AE; G = 1, 2, -, n) of each
transmission system are formed by a single signal processing circuit SP;
and two signal subtracters SA; and SB; in the second basic structure.

The signal processing circuit SP; § = 1, 2, -+, n) of each transmission
system calculates the natural logarithm of a received signal measuredina -
received signal measuring unit SM;, extracts its imaginary part and
supplies the same to the subtracter SA; while extracting the real part and
supplying the same to the other subtracter SB;.

The aforementioned subtracter SA; subtracts an imaginary part
Im[loge{Sj(t)}] of a value found by calculating the natural logarithm of a
known transmitted signal Sj(t) of the transmission system from the
imaginary part of the supplied received signal. The other subtracter SB;
subtracts a real part Re[log.{S;(t)}] of the value found by calculating the
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natural logarithm of the known transmitted signal Sj(t) of the transmission
system from the real part of the supplied received S1gna1 .

"The result of the subtraction of the imaginary part obtained by the
subtracter SA; is extracted as Yu; for forming the equation (1-21) related to
the phase, while the result of the subtraction of the real part obtained by
the other subtracter SB; is extracted as Xuj for forming the equation (1-22)
related to the amplitude.

According to the fourth embodiment shown in Fig. 32, as hereinabove
described, the imaginary part and the real part of the received signal are
previously separated for subtracting the imaginary part and the real part of
the known signal Sj(t) respectively.

In the third embodiment described with reference to Figs. 19 and 30,
on the other hand, the received signal is divided by the known signal in
advance of separation into the imaginary pért and the real part in reverse
order of operations. However, the equations (1-21) and (1-22) are finally

" found in either case and hence the circuit structure shown in Fig. 32 is

conceivably equivalent to the second basic structure shown in Fig. 3.

Fig. 33 is a flow chart illustrating operations of the fourth
embodiment shown in Fig. 32 in correspondence to the first half of the
operations of the second basic structure shown in Fig. 20. In contrast with
the flow chart of Fig. 20, Fig. 33 specifically describes the contents of -sign'al
processing performed at the step S2-5 of Fig. 20 in a step S2-5e. At the
step S2-5e shown in Fig. 33, a microcomputer subtracts an imaginary part
and a real part of a value found by calculating the natural logarithm of S;j(t)
from an imaginary part and a real part of a value found by calculating the

* natural logarithm of RXjx(t) respectively, thereby finding the equatioris - .

21) and (1-22) of the phase component and the amplitude component
respectively.

The third and fourth embodiments also have been described on the
premise that the S-N ratio is sufficiently excellent, as described above. In

- other words, each of the third and fourth embodiments shown in Figs. 30 to

33 is effective when a received signal has an excellent S-N ratio, and can
estimate the phase rotation quantity difference and the amplitude
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fluctuation quantity difference between the transmission circuit and the
receiving circuit of each transmission system with a relatively small signal
processing quantity as compared with the remaining embodiments
described later. . .

[Mode Providing Time Averaging Circuit on First Basic Structure]

Fifth Embodiment

Fig. 34 is a block diagram showing a specific circuit structure
according to a fifth embodiment of the present invention. In the fifth
embodiment shown in Fig. 34, time averaging circuits are added to the first
embodiment of the first structure of the present invention shown in Fig. 15.
The operation principle of an adaptive array radio base station according to
the fifth embodiment is now described.

In calibration, a phase rotation quantity 6; of a phase shifter PS; of a
j-th G =1, 2, -, n) transmission system is set to 0 and an amplitude ,
fluctuation quantity A; of an attenuator ATTjissetto 1 =0 dB). A known
signal Sj(t) corresponding to the j-th transmission system is read froma. =
memory 21 and transmitted through an antenna element ANT;.

The transmitted signal is received in antenna elements ANTx k=1,
2, -, n, where j = k) of all transmission systems excluding the j-th
transmission system, and measured by a received signal measuring unit
SMk of each transmission system as a received signal Ri(t).

An antenna sharer SWj of the j-th transmission system is so switched
as to connect a transmission circuit TX; with a receiving circuit RX; of this
transmission system, so that a received signal measuring unit SM; of the
transmission system itself measures the transmitted signal from this
transmission circuit TX; as a received signal Rij(t). o R

The signal RXj(t) transmitted from the j-th transmission system and
received and measured by the k-th transmission system is expressed in the
equation (1-1) described above with reference to the first basic structure
shown in Fig. 6, while the signal RXjx(t) received and measured in each of
the first to n-th transmission systems after sequentially switching the
transmission system transmitting the signal from the first to n-th
transmission systems is expressed in the above equation (1-2). In these
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equations, njk(t) represents noise.
When dividing both sides of the equation (1-2) by the known signal

" Si(t) in a multiplier MP; of each transmission system and transposing the.

term including noise from the left side to the right side, the following
equation (2-1) is found. When time-averaging the equation (2-1) with a
time averaging circuit TA; G = 1, 2, -, n) of each transmission system, the
left side is regularly constant with respect to time and hence the following
equation (2-2) is found:

Ajx ATX; ARXx exp{i(¢ix+ APTX; + A¢RXx)}

= RXx()/Si(t) — nj(t)/S;(t) +(2-1)
A ATX; ARXxexpf{i(dn+ APTX; + ApRXw)} -
= Ave[RXik(t)/S;(t)] — Aveln;x(t)/S;(t)] +(2-2)

In the above equation, Ave[] represents time averaging of [].
Ave[njx(t)/Si(t)] = 0 due to the properties of the noise, and hence the

natural logarithms of both sides of the above equatmn (2-2) calculated by

the signal processing circuit SP;j of each transmission system are expressed
in the following equation (2-3). The following equation (2-4) is deduced
when noting the imaginary part thereof, while the following equation (2-5)
is deduced when noting the real part thereof:
loge[Aik ATX; ARXx] + (¢ + AyTX; + A¢RXk)
= loge[Ave [RXx(t)/Si(t)]] -+(2-3)
o+ APTX; + ApRXx = Im[logs[Ave[RXjx(t)/Si(D)]]],
G - 1’ 2’ es, n)’ (k = 1’ 2’ ey n)’
where ¢jk = 0 (when j =k) -+(2-4)
logo[Ajx ATX; ARXk] Re[loge[Ave[RX,'k(t)/S,(t)]]]
=12, +,n), k=12, -, n), .
where A,k 1 (whenj=k) ++(2-5)
The right sides of the equations (2-4) and (2-5) can be found by
measurement and calculation in each transmission system and the results
of calculation are stored in the memory 21.
Assuming that Y and Xjx represent the values of the right sides of
the equations (2-4) and (2-5) respectively, these values are expressed in the
following equations (2-6) and (2-7) respectively: :
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Yik= ¢+ APTX; + ApRXx,
6=1,2, »-,n), k=12, -, mn), . o
where ¢ =0 (when j =k) ~ ' (2-6) -
Xjk = loge[Ajk] + loge[ATX;] + logs[ARXx],
G=1,2, ~,n), k=12, -, n),
where Ajx = 1 (when j = k) ~(2-7)
Subsequent processing is identical to the processing described with
reference to Fig. 6, and the phase rotation quantity A¢TX; and the
amplitude fluctuation quantity ATX; of the signal resulting from passage
through the transmission circuit TX; j = 1, 2, -, n) and the phase rotation
quantity A¢RX; and the amplitude fluctuation quantity ARX; of the signal
resulting from passage through the receiving circuit RX;j can be calculated
in all transmission systems by solving the above simultaneous linear
equations (2-6) and (2-7) with the values Yjx and Xjx stored in the memory
21 if the number n of the transmission systems is at least 3. . :
The transmission characteristics can be calibrated between the -
received signal and the transmitted signal in each transmission system by
supplying information on the phase difference between the receiving circuit
and the transmission circuit of each transmission system estimated in the
aforementioned manner to the phase shifter of the transmission system
while supplying information on the amplitude fluctuation quantity in each |
transmission system to the attenuator of the transmission system.
Fig. 35 is a flow chart illustrating operations of the fifth embodiment
shown in Fig. 34, in correspondence to the operations of the first

. embodiment shown in Fig. 16. The flow chart shown in Fig. 35 is different

from that of Fig. 16ina point that time averaging expressed as Ave[]is
added in a step S1-6f. At the step S1-6f shown in Fig. 35, imaginary and
real parts of log.[Ave{RXj(t)/S;(t)}] are extracted thereby finding the
equations (2-6) and (2-7) of the phase component and the amplitude
component respectively.

Fig. 36 is a flow chart showing the calculation routine at the step S1-
6f shown in Fig. 35 in detail. In the flow chart shown in Fig. 36, a
temporary variable Tmp is set to 0 for accumulating RXx(t)/S;(t) up to a
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time T. The result of accumulation is divided by T for calculating a time
average Tmp/T and the natural loganthm thereof is calculated for -
extractmg an imaginary part Yi and a real part Xjx.

The remaining processing excluding the step S1-6fis identical to
that in the flow chart shown in Fig. 16, and hence redundant description is
not repeated. '

. According to the fifth embodiment of the present invention, as
hereinabove described, the term including a noise component can be
eliminated by providing the time averaging circuit on each transmission
system, and hence an error of estimation caused by influence of noise can
be suppressed even if the received signal includes a large amount of noise
components and has an inferior S-N ratio, so that information on the phase
difference and the amplitude fluctuation quantities of each transmission
system can be excellently estimated. .

Sixth and Seventh Embediments

| Fig. 37 is a block diagram showing a specific cu'cmt structure of a
sixth embodiment of the present invention. In the sixth embodiment
shown in Fig. 37, time averaging circuits are added to positions different
from those in the fifth embodiment shown in Fig. 34 in the first
embodiment of the first basic structure of the present invention shown in
Fig. 15.

Both sides of the above equation (1-2) are divided by a known signal
Si(t) for calculating natural logarithms and performing Taylor expansion
without time averaging, dissimilarly to the fifth embodiment. When the S-
N ratio is not much excellent, the result of Taylor expansmn is expressed in

- the followmg approximation (2-8)

When separately extracting imaginary parts and real parts on both
sides of the equation (2-8) and performing time averaging, the term
including a noise component njk(t) on the left side reaches 0 while the
remaining terms are constant with respect to time, and hence the following
equations (2-9) and (2-10) are found:
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loge [A,k ATX; ARXy] + i(pi + AGTX; + AGRXw)
*+ nx(t)/[Ax ATX; ARXx exp ' .
i@+ AYTX; + APRXW)} Si(t)] = 10g°[RXJk(t)/sJ(t)] +(2-8)
o+ APTX; + APRXx = Ave[Im[log [RX(t)/Si(t)]]],
G=12, --,n), k=1,2, -, n),
where ¢k = 0 (when j =k) ++(2-9)
loge[Ajx ATX; ARXx] = Ave[Re[loge[RXu(t)/Si(D]1],
G=12, ~,n), k=12, -, n),
where Ax = 1 (when j =Kk) --+(2-10)
The right sides of the equations (2-9) and (2-10) can be found by
measurement and calculation for each transmission system, and the results
of calculation are entirely stored in a memory 21.
Assuming that Y and Xj represent the values of the right sides of

“the equations (2-9) and (2-10) respectively, the equations are converted to

the simultaneous linear equations (2-6) and (2-7) described with reference

- to Fig. 34, and subsequent processing is identical to the processing

described with reference to Fig. 34. .

Fig. 38 is a block diagram showing a specific circuit structure of a
seventh embodiment of the present invention. In the seventh embodiment
shown in Fig. 38, the signal processing circuit SP; in the first embodiment
of the present invention shown in Fig. 15 is replaced with a logarithm
calculation circuit LC;, a time averaging circuit TA; and an 1/Q separation
circuit I1Q;. | '

A multiplier MP; divides both sides of the above equation (1-2) by a
known signal Sj(t) and the logarithm calculation circuit L.C; calculates the -
natural logarithms of both sides for performing Taylor expansion. . When
the S-N ratio is not much excellent, the result of the Taylor expansion is

~ expressed in the above equation (2-8).

According to the seventh embodiment, the time averaging circuit TA;
time-averages the equation (2-8) without separating the imaginary part
and the real part in this stage dissimilarly to the sixth embodiment. In
this case, the first and second terms on the left side of the equation (2-8)
are constant with respect to time and the term including the noise
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component nj(t) reaches 0 due to time averaging, and hence the following
equation (2-11) is found. ' .

When the I/Q separation circuit 1Q; separately extracts the
imaginary and real parts from both sides of the equation (2-11), the

* following equations (2-12) and (2-18) are found:

loge[Aik ATX; ARXk] + i(¢x + APTXj+ ARXw) S

= Ave[log.[RXi(t)/Si®)]] +(2-11)
¢ix+ AQTX; + APRXx = Im[Ave[loge[RXjx(t)/S;(t)1]1,

G=1,2, --,n), k=12, -, n).

where ¢ix =0 (when j =k) : -+(2-12)
loge[Aix ATX; ARXk] = Re[Ave[loge[RXik(t)/S;(t)]]],

G=1,2, ~-,n), k=12, -, n). _

where Ajk = 1 (when j = k) -++(2-13)
The right sides of the equations (2-12) and (2-13) can be found by

measurement and calculation for each transmission system, and the results

_of calculation are entirely stored in a memory 21.

Assuming that Y and Xjx represent the values of the right 51des of
the equations (2-12) and (2-13) respectively, the equations are converted to
the simultaneous linear equations (2-6) and (2-7) described with reference
to Fig. 34, and subsequent processing is identical to the processing
described with reference to Fig. 34.

Fig. 39 is a flow chart inclusively illustrating operations of the sixth
and seventh embodiments shown in Figs. 37 and 388, in correspondence to
the operations of the first embodiment shown in Fig. 16. '

Fig. 40 is a flow chart showing a calculation routine of the sixth
embodiment correspondmg to a step S1-6g of the flow chart in Fig. 39 and
Fig. 41is a flow chart showing a calculation routine of the seventh |
embodiment corresponding to the step S1-6g of the flow chart in Fig. 39.

According to the sixth embodiment, imaginary and real parts of -
log«{RX;k(t)/Si(t)} are separated and thereafter time averaging is performed -
for obtaining a phase component Yjx and an amphtude component Xjx at the
step S1-6g.

More specifically, Yik and Xjx are set to 0 in the flow chart shown in
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-Fig. 40, and the imaginary and real parts of {RXjx(t)/S;(t)} are accumulated

up to a time T. The result of accumulation is divided by T for calculating
time averages Yi/T and Xj/T and outputting the same as a phase
component Yjk and an amplitude component Xjx. Except the step S1-6g,
the remaining processing of the sixth embodiment is identical to the -
processing of the first embodiment shown in Fig. 16.

According to the seventh embodiment, log.{RXik(t)/Sj(t)} is subjected
to time averaging for thereafter separating imaginary and real parts and
obtaining a phase component Yi and an amplitude component Xj at the
step S1-6g.

More specifically, a temporary variable Tup is set to 0 in the flow
chart shown in Fig. 41, and loge{RXx(t)/Sj(t)} is accumulated up to a time T.
The result of accumulation is divided by T for calculating a time average
Tmp/T and extracting its imaginary and real parts as a phase component Yjk
and as an amplitude component Xjx respectively. Except the step S1-6g,
the remaining processing of the seventh embodiment is identical to the.
processing of the first embodiment shown in Fig. 16.

Eighth and Ninth Embodiments

Fig. 42 is a block diagram showing a specific circuit structure of an
eighth embodiment of the present invention. The eighth embodiment
shown in Fig. 42 is different from the sixth embodiment shown in Fig. 37
merely in a point that division by a known signal Sj(t) is performed not on a

‘measured received signal RXj(t) but on a received signal subjected to

calculation of the natural logarithm, separated into imaginary and real
parts and time-averaged in a final stage. S

Fig. 43 is a block diagram showing a speclﬁc circuit structure ofa
ninth embodiment of the present invention. The ninth embodiment shown
in Fig. 43 is different from the seventh embodiment shown in Fig. 38
merely in a point that division by a known signal S;j(t) is performed not on a
measured received signal RXj(t) but on a received signal subjected to
calculation of the natural logarithm, time-averaged and separated into
imaginary and real parts in a final stage.

The flow chart of Fig. 39 also inclusively shows operations of the
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eighth and ninth embodiments shown in Figs. 42 and 43. Fig. 44isa ﬂow
chart showing a calculation routine of the eighth embodiment
corresponding to the step S1-6gin the flow chart of Fig. 39, and Fig. 45is a
flow chart showing a calculation routine of the nirith embodiment
corresponding to the step S1-6g in the flow chart of Fig. 39.

According to the eighth embodiment, imaginary and real parts of
log.{RXjx(t)} are separated and thereafter time averaging is performed for
thereafter subtracting average values of the imaginary and real parts of
log.{S;j(t)} stored in a memory 21 respectively and obtaining a phase
component Yix and an amplitude component Xjx at the step S1-6g.

More speciﬁcélly, Yix and Xjx are set to 0 in the flow chart shown in
Fig. 44, and the imaginary and real parts of loge{RXjx(t)} are accumulated
up to a time T. The result of accumulation is divided by T for calculating
time averages Yi/T and Xp/T, subtracting the average values of the
imaginary and real parts of log.{S;(t)} stored in the memory 21 therefrom
respectively and outputting the results as a phase component Yjx andan
amplitude component Xjx. Except the step S1-6g, the remaining processing
of the eighth embodiment is identical to the processing of the first
embodiment shown in Fig. 16. '

According to the ninth embodiment, loge{RXa(t)} is subjected to time
averaging and separated into imaginary and real parts for thereafter

subtracting imaginary and real parts of average values of log.{S;(t)} stored

in a memory 21 respectively and obtaining a phase component Yjx and an
amplitude component Xjx at the step S1-6g. |

- More specifically, a temporary variable Tmp is set to.0 in the flow .
chart shown in Fig. 45, and log.{RXu(t)} is accumulated up to a time T.
The result of accumulation is divided by T for calculating a time average
Tump/T, subtracting the imaginary and real parts of the average values of
loge{Sj(t)} stored in the memory 21 therefrom respectively and obtammg a
phase component Yix and an amplitude component Xjk.

According to each of the sixth to ninth embodiments, as hereinabove

described, the term including a noise component can be eliminated by
providing the time averaging circuit on each transmission system, whereby
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an error in estimation caused by influence of noise can be suppressed even

if the received signal has an inferior S-N ratio, and information on the _

phase_d:ifference" and the amplitude fluctuation quantity of each
transmission system can be excellently estimated.

[Mode Providing Time Averaging Circuit on Second Basic Structure]

Tenth Embodiment

Fig. 46 is a block diagram showing a specific circuit structure
according to a tenth embodiment of the present invention. In the tenth
embodiment shown in Fig. 46, time averaging circuits are added to the
third embodiment of the second structure of the present invention shown in
Fig. 30. The operation principle of an adaptive array radio base station
according to the tenth embodiment is now described. |

In calibration, a phase rotation quantity 6; of a phase shifter PS;j of a
j-th G = 1, 2, -+, n) transmission system is set to 0 and an amplitude
fluctuation quantity A;j of an attenuator ATT;is set to 1 (=0 dB). Aknown
signal S;(t) correspbnding to the j-th transmission system is read'from. a
memory 21 and transmitted through an antenna element ANT;.

The transmitted signal is received in antenna elements ANTx (k= 1,
2, -+, n, where j = k) of all transmission systems excluding the j-th
transmission system, and measured by a received signal measuring unit
SMk of each transmission system as a received signal Rix(t).

In the tenth embodiment shown in Fig. 46, an antenna sharer is not
switched to connect a transmission circuit and a receiving circuit with each
other in each transmission system.

_ The signal Ri(t) transmitted from the j-th transmission system and
received and measured in the k-th transmission system is expressed in the
equation (1-13) described above with reference to the second basic structure
shown in Fig. 19, while the signal'Rjk(t) received and measured in each of
the first to n-th transmission systems excluding the transmission system
transmitting the signal while sequentially switching the transmission
system transmitting the signal from the first to n-th transmission systems
is expressed in the equation (1-14) described above. In these equations,
njx(t) represents noise.
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~ When dividing both sides of the eqﬁation (1-14) by the known signal
Sj(t) in a multiplier MP; of each transmission system and transposing the
term including noise from the left side to the right side, the equation (2-1)
described above with reference to Fig. 34 is found. When time-averaging
the equation (2-1) with a time averaging circuit TA; G = 1, 2, -, n) of each
transmission system, the left side is constant with respect to time and
hence the above equation (2-2) is found.

Ave[nj(t)/S;(t)] = 0 due to the properties of the noise, and hence the
natural logarithms of both sides of the above equation (2-2) calculated by
the signal processing circuit SP; of each transmission system are expressed
in the above equation (2-3). The following equation (2-14) is deduced
when noting the imaginary part thereof, while the following equation (2-15)
is deduced when noting the real part thereof:

i+ APTX;+ APRXxk = Im[loge[Ave[RXik(t)/S;i(t)]]],

G=12, --,n), k=1,2, -, n),
‘wherej=k I (2-14)

loge[Ajx ATX; ARXx] = Re[loge[Ave[RX(t)/S;(®) 11,

G=1,2, ~,mn), k=12, -,n),
wherej=k -+(2-15)

The right sides of the equations (2-14) and (2-15) can be found by
measurement and calculation in each transmission system, and the results
of calculation are stored in the memory 21.

Assuming that Y and Xjx represent the values of the right sides of
the equations (2-14) and (2-15) respectively, these values are expressed in

~ the following equations (2-16) and (2-17) respectively:

Y= ¢+ AQTX;+ ARXx, (G=1,2, -~,n), k=1,2, =, n),
where j = k *++(2-16)
K= loge[Asx] + loge[ATX;] + log.[ARXy], -
G=1,2, -,n), k=12, -, n), '
~wherej=k . +(2-17)
When substituting Yix - Yi = Zj in the equation (2-16) as to the
phase information obtained in the aforementioned manner, the following
simultaneous linear equations (2-18) are found. When substituting X -
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Xij = Vi in the equation (2-17) as to the obtained amplitude information,
the fo]lowmg equation (2-19) is found:

Zix= Y- Y= Adx— A5, G=1,2, '.-', n-1), (k =j+1, j+2, "", n)

++(2-18)

Vik=Xjx - Xig= AAx - A4;, (G=1,2, -,n-1), (k=j+l,j+2, -, n)

-+(2-19)

Subsequent processing is identical to the processing described with
reference to Fig. 19, and the difference A¢; in the phase rotation quantity
and the difference AA; in the amplitude fluctuation quantity between the
signals passing through the transmission circuit and the receiving circuit
can be calculated in all transmission systems by solving the above
simultaneous linear equations (2-18) and (2-19) with the values Yik and Xjx
stored in the memory 21 if the number n of the transmission systems is at
least 3.

The transmission characteristics can be calibrated between the
received signal and the transmitted signal in each transmission system by
supplying information on the phase difference between the receiving circuit
and the transmission circuit of each transmission system estimated in the
aforementioned manner to the phase shifter of the transmission system

" while supplying information on the amplitude fluctuation quantity of each

transmission system to the attenuator of the transmission system.

Fig. 47 is a flow chart illustrating operations of the tenth
embodiment shown in Fig. 46, in correspondence to the operations of the
third embodiment shown in Fig. 31. The flow chart shown in Fig. 47 is
different from that of Fig. 31 in a point that time averaging expressed as
Ave[] is added to a step S2-5f. At the step S2-5f shown in Fig. 47,
imaginary and real parts of log.[Ave{RX(t)/S;(t)}] are extracted thereby

~ finding the equations (2-18) and (2-19) of thelphase component and the

amplitude component respectively.

The calculation routine at the step S2-5f is identical to the
calculation routine shown in Fig. 36 describedl with reference to the fifth
embodiment, and hence redundant description is not repeated. '

According to the tenth embodiment of the present invention, as
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hereinabove described, the term including a noise component can be
eliminated by providing the time averagihg circuit on each transmission
system, and hence an error of estimation caused by influence of noise can
be suppressed even if the received signal includes a large amount of noise
components and has an inferior S-N ratio, so that information on the phase
difference and the amplitude fluctuation quantity of each transmission
system can be excellently estimated.
Eleventh and Twelfth Embodiments
Fig. 48 is a block diagram showing a specific circuit structure of an
eleventh embodiment of the present invention. In the eleventh
embodiment shown in Fig. 48, time averaging circuits are added to
positions different from those in the tenth embodiment shown in Fig. 46 in
the third embodiment of the second basic structure of the present invention
shown in Fig. 30.
Both sides of the above equation (1-2) are divided by a known signal
Si(t) for calculating natural logarithms and performing Taylor expansion
without time averaging, dissimilarly to the tenth embodiment. When the
S-N ratio is not much excellent, the result of Taylor expansion can be
expressed in the above approximation (2-8). When separately extracting
imaginary parts and real parts from both sides of the equation (2-8) and
performing time averaging, the term including a noise component njk(t) on
the left side reaches 0 while the remaining terms are constant with respect
to time, and hence the following equations (2-20) and (2-21) are found:
¢+ APTX;+ APRX; = Ave[Im [loge[RXx(t)/S;(1)]]] |
G=1,2, --,n), . k=12, -, n),
‘wherejek | o L -++(2-20)
loge[Asx ATX; ARXk] = Ave[Re[loge[RX(t)/S;(t)]11,
()'-_- 1’ 2, ey n), (k: 1’ 2, o n)’
wherej=k +(2-21)
The right sides of the equations (2-20) and (2-21) can be found by
measurement and calculation for each transmission system, and the results
of calculation are entirely stored in a memory 21.
Assuming that Yi and Xjx represent the values of the right sides of

-54 -



10

15

20

25

30

the equations (2-20) and (2-21) respectively, the equations are converted to
the equations (2-16) and (2-17) described with reference to Fig. 46, and . .
subsequent précessing‘ is identical to the processing described with
reference to Fig. 46.

- Fig. 49 is a block diagram showing a specific circuit structure ofa
twelfth embodiment of the present invention. In the twelfth embodiment
shown in Fig. 49, the signal processing circuit SP; in the third embodiment
of the second basic structure of the present invention shown in Fig. 30 is
replaced with a logarithm calculation circuit LC;, a time averaging circuit
TA; and an 1/Q separation circuit 1Q;.

A multiplier MP; divides both sides of the above equation (1-2) by a
known signal Sj(t) and the logarithm calculation circuit L.C; calculates the
natural logarithms of both sides for performing Taylor expansion. When
the S-N ratio is not much excellent, the result of the Taylor expansion is
expressed in the above equation (2-8).

According to the twelfth embodiment, the time averagmg circuit TA,
time-averages the equation (2-8) without separating the imaginary part
and the real part in this stage dissimilarly to the aforementioned eleventh
embodiment. In this case, the first and second terms on the left side of the
equation (2-8) are constants with respect to time and the term including a
noise component njx(t) reaches 0 due to time averaging, and hence the
above equation (2-11) is found.

When the 1/Q separation circuit IQ; separately extracts the
imaginary and real parts from both sides of the equation (2-11), the
following equations (2-22) and (2-23) are found:

dic+ AQTX; + APRX; = Im[Ave[loge[RXu(®)/Si®)1]] -

G=12, '»,n), k=12, -, n), '

wherej=k -++(2-22)
loge[Aix ATX; ARX:k] = Re[Ave[logs[RXik(t)/Si(t)]]], '

=12, ~,n), k=12 ~,n),

wherej=k . +(2-23)

The right sides of the equations (2-22) and (2-23) can be found by
measurement and calculation for each transmission system, and the results
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“of calculation are entirely stored in a memory 21.

Assuming that Yix and Xjx represent the values of the right sides of -

‘the equations (2-22) and (2-23) respectively, the equations are converted to

the simultaneous linear equations (2-16) and (2-17) described with
reference to Fig. 46, and subsequent processing is identical to the
processing described with reference to Fig. 46.

Fig. 50 is a flow chart inclusively illustrating operations of the
eleventh and twelfth embodiments shown in Figs. 48 and 49, in
correspondence to the operations of the third embodiment shown in Fig. 31.

A calculation routine at a step S2-5g of the twelfth embodiment is
identical to the calculation routine in Fig. 40 described above with
reference to the sixth embodiment, and hence redundant description is not
repeated. Further, a calculation routine at the step S2-5g of the eleventh
embodiment is identical to the calculation routine in Fig. 41 described
above with reference to the seventh embodiment and hence redundant
description is.not repeated. ' _

According to each of the eleventh and twelfth embodiments of the
present invention, as hereinabove described, an error in estimation of
phase difference information caused by influence of noise can be
suppressed even if the S-N ratio of a received signal is inferior by providing
a time averaging circuit on each transmission system.

Thirteenth and Fourteenth Embodiments

Fig. 51 is a block diagram showing a specific circuit structure of a
thirteenth embodiment of the present invention.

The thirteenth embodiment shown in Fig. 51 is different from the

eleventh embodiment shown in Fig. 48 merely in a point that division by a

known signal Sj(t) is pexformed not on a measured received s1gna1 RX(t)
but on a received signal subjected to calculation of the natural logarithm,
separated into imaginary and real parts and time-averaged in a final stage.
Fig. 52 is a block diagram showing a specific circuit structure of a
fourteenth embodiment of the present invention. The fourteenth
embodiment shown in Fig. 52 is different from the twelfth embodiment
shown in Fig. 49 merely in a point that division by a known signal S;(t) is
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performed not on a measured received signal RXjk(t) but on a received
signal subjected to calculation of the natural logarithm, time-averaged and
separated into imaginary and real parts in a final stage.

The flow chart of Fig. 50 also inclusively shows operations of the
thirteenth and fourteenth embodiments shown in Figs. 51 and 52.

A calculation routine at the step S2-5g of the thirteenth embodment
is identical to the calculation routine in Fig. 44 described above with
reference to the eighth embodiment, and hence redundant description is not
repeated.

A calculatmn routine at the step S2- 5g of the fourteenth embod1ment
is identical to the calculation routine in Fig. 45 described above with
reference to the ninth embodiment, and hence redundant description is not
repeated.

According to each of the thirteenth and fourteenth embodiments, as
hereinabove described, an error in estimation of the information on the
phase difference and the amplitude fluctuation quantity caused by
influence of noise can be suppressed even if the received signal has an
inferior S-N ratio by providing a time averaging circuit on each
transmission system.

[Mode Providing Correlation Circuit on First Basic Structure]

Fifteenth Embodiment

-Fig. 53 is a block diagram showing a specific circuit structure of a
fifteenth embodiment of the present invention. In the fifteenth
embodiment shown in Fig. 53, the multiplier MP; of each transmission
system in the first embodiment of the first basic structure of the present
invention shown in Fig. 15 is replaced with a'correlator CR; G=1, 2, ..., n).
The operation principle of an adaptive array radio base station according to
the fifteenth embodiment is now described. ,

In calibration, a phase rotation quantity 6; of a phase shifter PS; of a

j-th =1, 2, -, n) transmission system is set to 0 and an amplitude.

ﬂuctuation quantity A; of an attenuator ATTjis setto 1 (=0 dB). A known
signal S;j(t) corresponding to the j-th transmission system is read from a
memory 21, and transmitted through an antenna element ANT;.
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The transmitted radio signal is received in an antenna element ANTY
(k=1, 2, -, n, where j = k) of each of the remaining transmission systems

~ excluding the j-th transmission system, and measured by a received signal

measuring unit SMk of each transmission system as a received signal Rjk(t).

An antenna sharer SWj of the j-th transmission system is switched to
connect a transmission circuit TXj to a receiving circuit RXj of this
transmission system, so that a received signal measuring unit SM; of the
transmission system itself measures a transmitted signal from this
transmission circuit TX; as a received signal RXj(t).

The following equation (3-1) expresses a signal RXj(f) transmitted
from each of the transmission systems sequentially switched from the first
to n-th transmission systems and received and measured in all of the first
to n-th transmission systems:

RXjk(t) = Ajx ATX; ARXxk exp

{i(on+ ATX; + APRXw)} Si(t) + Iix(t) + mix(),
=12, =, m), k=12, -, n), : _
where Ak = 1 and ¢jx = 0 (when j =k) »+(3-1)

In this equation, Ijx(t) represents a composite signal of all ‘
interference signals included in the received signals. The interference
signals include the radio signal from another user and the like described
with reference to the prior art.

Then, a cross-correlation value CSjx of the received signal RXi(t) and
the known signal S;(t) of the corresponding transmission system is
calculated. The cross-correlation value CSy, found by adding results of
multiplication of two signals expressing functions of time t on a common

' time axis and time-averaging the sum, is expressed in the following

equation (3-2). Calculation of this equation (3-2) results in the following
equation (3-3): | .
CSix = <RXj(t) Si(t)> -++(3-2)
CSix = Ajx ATX; ARXk expfi(ix + APTX; + A¢RXw)}
<Si(t)-Si®)> + <L) - Si(H)> + <nu(t)- S;B)>,
=12, ~,m), k=12, -, n),
where A = 1 and ¢jx = 0 (when j =k) -++(3-3)
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A transmitted signal is not correlated with the interference signal

- and a noise component due to the properties of the aforementioned

correlation processing. Therefore, the following equations (3-4), (3-5) and
(3-6) hold between the known signal Si(t), the interference signal Ijx(t) and
a noise component njk(t):

<Si)-Sit)>=1 . (3-4)
<Iix(t)-Sit)>=0 ' »++(3-5)
<njx(t) - Sit)> =0 _ ' --+(3-6)

Therefore, the following equation (3-7) is found by substituting these
equations (3-4), (3-5) and (3-6) in the above equation (3-3), and the natural
logarithm thereof is expressed in the following equation (3-8):

CSik = Ajk ATX; ARXxk expfi(pik + APTX; + A¢RXw)},

G=1,2, --,n), k=12, -, n),
where Ajk = 1 and ¢jk = 0 (when j = k) +(3-7)
loge[Aik ATX; ARXx] + (¢ + AYTX; + AQRXw) =loge[CSx]  --*(3-8)

The following equation (3-9) is deduced when noting the imaginary
part of the above equation (3-8), while the following equation (3-10) is
deduced when noting the real part:

dix+ APTXj+ APRXk = Im[loge[CSix]]

G=12, -,n), k=12, -, n),
_ where ¢k =0 (when j =k) -+(3-9)
loge[Aix ATX; ARXx] = Re[loge[CSi]],
=12, -,n), k=12, -, n), .
where Ax = 1 (when j =k) --+(3-10)
The right sides of the equations (3-9) and (3-10) can be found by

measurement and calculation in each transmission system, and the results . .

of calculation are stored in a memory 21. _
Assuming that Yik and Xjx represent the values of the right sides of .
the equations (3-9) and (3-10) respectively, these values are expressed in
the following equations (3-11) and (3-12) respectively:
Yi=¢ppt+ATX;+ARXk, (=1, 2, '--,n), (&k=1,2, -, n),
where ¢ = 0 (when j = k) -+(3-11)
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Xp=loge[Aj]+log.[ATX;}Hog.[ARXy],
. _(j=1, 2, -+, m), (k=1? 2, -, n), o
‘where A = 1 (when i=k) - --+(3-12).
Subsequent processing is identical to the processing described with
reference to Fig. 6, and the phase rotation quantity A¢TX; and the
amplitude fluctuation quantity ATX; of the signal resulting from passage
through the transmission circuit TX; and the phase rotation quantity A¢RX;
and the amplitude fluctuation quantity ARX; of the signal resulting from
passage through the receiving circuit RXj can be calculated in all

transmission systems by solving the above simultaneous linear equations

(3-11) and (3-12) with the values Yjx and Xjx stored in the memory 21 if the
number n of the transmission systems is at least 3.

The transmission characteristics can be calibrated between the
received signal and the transmitted signal in each transmission system by
supplying information on the phase difference between the receiving circuit
and the transmission circuit of each transmission system estimated in the
aforementioned manner to the phase shifter of the transmission system
while supplying information on the amplitude fluctuation quantity of each
transmission system to the attenuator of the transmission system.

Fig. 54 is a flow chart showing a calculation routine for Yjx and Xjx in
the fifteenth embodiment corresponding to the step S1-6d in the flow chart
of the first embodiment shown in Fig. 16. In the flow chart shown in Fig.
54, a temporary variable Tmp is set to 0 for accumulating RXj(t)-S;(t) up to
atime T. The result of accumulation is divided by T for calculating a time

-average Tmp/T and the natural logarithm thereof is calculated for .

extracting the imaginary part Yjx and the real part X.

The remaining processing excluding the calculation routine is
identical to that in the flow chart of the first embodiment shown in F1g 16,
and hence redundant description is not repeated.

According to the fifteenth embodiment of the present invention, as
hereinabove described, a correlation circuit is provided on each
transmission system for correlating the received signal RXjk(t) and the
known signal Sj(t), thereby eliminating the noise component njx(t) and the
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interference signal Iji;(t). Therefore, an error in estimation caused by
influence of the noise component or the interference signal or both thereof
can be suppressed when the received signal has an inferior S-N ratio or the
interference signal is mixed into the received signal or in both cases, for
excellently estimating information on the phase difference and the
amplitude fluctuation quantity of each transmission system.

[Mode Providing Correlation Circuit on Second Basic Structure]

Sixteenth Embodiment

Fig. 55 is a block diagram showing a specific circuit structure of a
sixteenth embodiment of the present invention. In the sixteenth
embodiment shown in Fig. 55, the multiplier MP; of each transmission

- system in the third embodiment of the second basic structure of the present

invention shown in Fig. 30 is replaced v_vith a correlator CR; G=1, 2, ..., n).
The operation principle of an adaptive array radio base station according to
the sixteenth embodiment is now described. '

In calibration, a phase rotation quantity 6; of a phase shifter PS; of a -
j-th G = 1, 2, -, n) transmission system is set to 0 and an amplitude
fluctuation quantity A; of an attenuator ATT;is setto 1 =0 dB). A known
signal S;(t) corresponding to the j-th transmission system is read from a
memory 21, and transmitted through an antenna element ANT;.

The transmitted signal is received in an antenna element ANTx (k =
1, 2, -, n, where j = k) of each of the remaining transmission systems
excluding the j-th transmission system, and measured by a received signal
measuring unit SMx of each transmission system as a received signal
RXx(t). . o L . o
~~ Inthe sixteenth embodiment shown in Fig. 55, an antenna sharer is
not switched to connect a transmission circuit with a receiving circuit in
each transmission system.

The following equation (3-13) expresses the signal RXjk(t)
transmitted from each of the transmission systems sequentially switched
from the first to n-th transmission systems and received and measured in
all of the first to n-th transmission systems excluding the transmission
system transmitting the signal:
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RXjk(t) = Ajx ATX; ARXx exp{1(¢:k+ A¢TX: + A¢RXk)} Si(t) + In(t) + ny(t)
G=1,2, ~,n),. k=12, -, n) -
where j = k o (313).
A cross-correlation value CSjk of the received signal RXjk(t) and the
known signal Sj(t) of the corresponding transmission system is calculated
as follows: '
CSix= Ajx ATX; ARXxk exp{i(pix + APTX; + A¢RXw)}
<Si(t) « Si()> + <Inct) * Si(t)>+ <npct) - Si(t)>
G=1,2, ~-,n), k=12, -, n) .
wherej = k ++(3-14)
The following equation (3-15) is found by substituting these
equations (3-4), (3-5) and (3-6) in the above equation (3-14), and the
natural logarithm thereof is expressed in the following equation (3-16):
- CSik = Ajx ATXj ARXx expfi(dx+ A¢TXj + APRXw)}
G=12, '--,n), (k 1, 2 Y n) : '
where j = k T (3-1B)
logs[Ajk ATX; ARXx] + j(¢ik+ AGTX; + Ad)RXk) loge[CSi] --(3-16)
The following equation (3-17) is deduced when noting the imaginary
part of the equation (3-16), while the following equation (3-18) is deduced
when noting the real part:
¢ik+ APTX;+ APRXx = Im[loge[CSix]]
G=1,2, '-,n), k=12, -, n)
wherej=k +(3-17)
loge[Ajx ATX; ARXk] = Re[loge[CSix]]
G=L2, -,n), (k=12 ,mn), | :
 wherej=k _ : A (318)
The right sides of the equatmns (3-17) and (3- 18) can be found by
measurement and calculation in each transmission system, and the results
are stored in a memory 21.
Assuming that Yjx and Xjx represent the values of the right sides of
the equations (3-17) and (3-18) respectively, these values are expressed in
the following equations (3-19) and (3-20) respectively:
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Yik= ¢+ APTX; + AGRXx,
G=1,2, ), k=1,2, -, n). | ,
wherej=k = = . - _ -(3-19).
Xijk = loge[Aik] + loge[ATXj] + logs[ARXx],
G=1,2, ~n), k=12, =, _
wherej= k ++(3-20)
When substituting Yjx ~ Yij = Zjx in the equation (3-19) as to the
phase information obtained in the aforementioned manner, the following
simultaneous linear equations (3-21) are found. When substituting Xj ~
Xy = Vik in the equation (3-20) as to the obtained amplitude information,
the following simultaneous linear equations (3-22) are found:
Zix = Yik—Yig = Adx—Adj

G=1,2, -, n-1), (k=j+1,j2, -, n) -++(3-21)
Vik= Xjk - X = AAx — AA;,
G=1,2, »,m), (=jt+l,j+2, =, n) - (3-22)

Subsequent processing is identical to that described with reference to
Fig. 19, and the differences in the phase rotation quantity and the
difference in the amplitude fluctuation quantity between signals passing
through transmission circuit and receiving circuits can be calculated in all
transmission systems by solving the aforementioned simultaneous linear
equations (3-21) and (3-22) with Yjx and Xjx stored in the memory 21 if the
number n of the transmission systems is at least 3.

The transmission characteristics can be calibrated between the
received signal and the transmitted signal in each transmission system by

supplying information on.the phase difference between the received signal

and the transmitted signal of each transmission system estimatedin the
aforementioned manner to the phase shifter of the transmission system
while supplying information on the amplitude fluctuation quantity in each
transmission system to the attenuator of the transmission system.

A calculation routine for Yjx and Xj in the sixteenth embodiment is
identical to the calculation routine of the fifteenth embodiment shown in
Fig. 54, and hence redundant illustration and description are not repeated.

The remaining processing excluding the calculation routine is
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identical to that in the flow chart of the third embodiment shown in Fig. 31,
and hence redundant description is not repeated. _ |

“According to the sixteenth embodiment of the present invention, as
hereinabove described, a correlation circuit is provided on each
transmission system for correlating the received signal RXjx(t) and the
known signal Sj(t), thereby eliminating a noise component njx(t) and an
interference signal Ix(t). Therefore, an error in estimation caused by
influence of the noise component or the interference signal or both thereof
can be suppressed when the received signal has an inferior S-N ratio or the
interference signal is mixed into the received signal or in both cases, for
excellently estimating information on the phase difference and the
amplitude fluctuation quantity of each transmission system.

[Mode Simultaneously Transmitting Signals]

Seventeenth Embodiment ,

In the sixteenth embodiment shown in Fig. 55, the transmission
system transmitting the signal is sequentially switched from the first to n-
th transmission systems for measuring the received signal in all of the first
to n-th transmission systems excluding the transmission system
transmitting the signal and performing the aforementioned processing.

In a seventeenth embodiment of the present invention, on the other

hand, all transmission systems simultaneously transmit signals while

simultaneously receiving signals in the structure shown in Fig. 55, thereby
reducing the time required for calibration, as described below.

In calibration, the phase rotation quantities 6; of the phase shifters
PS; of all transmission systems are set to 0 and the amplitude fluctuation
quantities A; of the attenuators ATT; are set to 1 (= 0 dB) in the structure
shown in Fig. 55. The known signals S;j(t) corresponding to all
transmission systems are read from the memory 21, and transmitted
through all antenna elements ANT.

The signal transmitted from each transmission circuit is received in-
the antenna elements ANTk (k = 1, 2, -, n, where j = k) of all of the
remaining transmission systems excluding this transmission system.

Therefore, the following equation (4-1) expresses the signals RXx(t)
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simultaneously received and measured in the received signal measuring
unit SMx of the k-th transm1ss1on system from all of the remammg
" transmission systems:
RXxk(t) = Aix ATX: ARXk exp{i(¢pix+ APTX:1+ ApRXx)}S1(t)
+ Agx ATX> ARXx expfi(pex+ ATXe+ APRXuw)}Sa(t)
+ eoee
+ Ajx ATX; ARXk expfi(pic+ APTX; + ApRXw)}S;(t)
F eees .
+ Ax1x ATXx1 ARXk exp{i(pe-1x+ APTXu-1+ AGRXw)}Sk-1(t)
+ Ar+1k ATXxr1 ARXk expi(fu+1 k + AGTXk+1 + A¢RXk)}Sk+1(t)

F sees
+ Ack ATXa ARXk expfi(gux+ AYTXa+ APRXw)}Sa(t)
+mt), &=1,2, *,n) +(4-1)

Then, cross-correlation values CSjx of the received signals RXx(t) and
the known signals Sj(t) are calculated. The fo]lowmg equatmn (4 2)

' expresses the cross-correlation values CSi.

Si(t) G = 1, 2, -, n) represents signal series fully dlﬁ'erent from each
other, and the cross-correlation values CSjk thereof satisfy the following
expression (4-3): : _ .

CSi = <RX«(t)- Sj(t)> "+(4-2)

<Sj(t) Sk(t)>.=0 (i = 1, 2’ ...3 n)’ (k = 1’ 2, .'.’ n)’
where k = j _ +(4-3)

The cross-correlation value of the transmitted signal and the noise is
0 as expressed in the above equation (3-6) with reference to the fifteenth
embodiment, and the self-autocorrelation value of the transmitted signal is
1, as expressed in the equation (3-4). = | . o

Therefore, the equation (4-2) is converted to the fo]lowmg equation
(4-4) when calculating the cross-correlation values of RXk(t) in the equation
(4-1) and S;(t). When performing this cross-correlation processing of RXk(t)
and S;(t) on all known transmitted signals Sjt) G =1, 2, -~ n, where j = k)

~ and all received signals RXx(t) (k = 1, 2, -~ n), the found cross-correlation

values are expressed in the equation (3-15) with reference to the
seventeenth embodiment.
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CSk= <RXx(t) S;(t)> = Ax ATX; ARXx expfi(dic+ APTX;+ ApRXw)},
_ ' _ _ o ee(4-4)

" The above equation (3-16) with reference to the sixteenth -
embodiment expresses the natural logarithms of the equation (3-15), and
the above equation (3-19) is reduced noting the imaginary parts thereof,
while the equation (3-20) is deduced when noting the real parts.
Subsequent processing is identical to that in the sixteenth embodiment,
and hence redundant description is not repeated.

_Fig. 56 is a flow chart illustrating the first half of operations of the

‘aforementioned seventeenth embodiment, and Fig. 57 is a flow chart

showing a calculation routine of the seventeenth embodiment -
corresponding to a step S3-2 of the flow chart in Fig. 56.

The flow chart shown in Fig. 56 is different from all preceding
embodiments in the point that all transmission systems simultaneously
transmit the know signals Sj(t) at a step S3-1 and all transmission systems
simultaneously measure received signals at a step S3-2. '

Referring to the flow chart shown in Fig. 57, a temporary variable
Tmp is set to 0 for each transmitted signal Sj(t), for accumulating
RXj-(£)S;(t) up to a time T. The result of accumulation is divided by T for
calculating a time average Tmp/T and the natural logarithm thereof is
calculated for extracting an imaginary part Yjk and a real part Xj.

It follows that the signals S;(t) transmitted from all transmission
systems and the signals RX;(t) received in all transmission systems are
subjected to cross-correlation processing due to the aforementioned
op eration performed on all transmitted s1gnals Si(t).

 Subsequent processing is identical to that in the flow chart shownin
Fig. 21, and hence redundant description is not repeated. .

Cross-correlation processing may be performed on the signals S;j(t)
transmitted from all transmission systems and the signals RX;(t) received
in all transmission systems through the same steps S3-1 and S3-2 as in the
seventeenth embodiment shown in Fig. 56 for obtaining phase rotation
quantities and amplitude fluctuation quantities of receiving circuits of the
respective transmission systems by directly solving the simultaneous linear
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equations (3-19) and (3-20) of the obtained values Yjx.

According to the seventeenth embodiment, as hereinabove descnbed ,
the known' signals S;(t) are simultaneously transmitted/received in
calibration, whereby the time required for calibration can be reduced as
compared with each of the preceding embodiments sequentially switching
the transmission system transmitting the signal.

[Phase/Amplitude Offset Mode]

Eighteenth Embodiment -

The adaptive array radio base station of the second basic structure
according to the present invention shown in Fig. 19 obtains the differences
A¢j in the phase rotation quantity and the differences AA; in the amplitude
fluctuation quantity between the signals passing through the receiving
circuits and the transmission circuits of all transmission systems by finally
solving the above simultaneous linear equations (1-30) and (1-32).

The following equation (5-1) holds when the differences ¢A; G =1, 2,

-, 1) in the phase rotation quantity between the transmission and
receiving circuits are identical in all transmission systems, while the
following equation (5-2) holds when the differences ¢A; G = 1, 2, -, n) in the
amplitude fluctuation quantity between the transmission and receiving
circuits are identical in all transmission systems:

Ap1=A¢2= *** = A¢n +-+(5-1)

AA1=AAs= -+ = AAy +(5-2)

In this case, all simultaneous linear equations derived from the
above equations (1-30) and (1-32) are in cascade relation and the solutions
are indeterminate even if a difference in a phase rotation quantity or a

- difference in an amplitude fluctuation quantity takes place in each

transmission circuit and each receiving circuit. Therefore, it may be
impossible to estimate correct differences in the phase rotation quant1ty
and the amplitude fluctuation quantity.

In an eighteenth embodiment of the present invention described
below, this point is improved by previously setting a phase rotation |
quantity of a phase shifter or an amplitude fluctuation quantity of an
attenuator or both of these quantities to a given value or values in each
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transmission system before performing calibration, thereby preventing
differences in phase rotation quantity and/or differences between =
amplitude fluctuation quantity between transmission and receiving circuits
from reaching substantially identical values among transmission systems
and improving the precision of estimation of the differences between the
phase rotation quantities and between the amplitude fluctuation quantities
of the respective transmission systems.

According to the eighteenth embodiment of the present invention, a
phase rotation quantity of a phase shifter PS; of a j-th transmission system
is previously set to 6; while an amplitude fluctuation quantity of an
attenuator ATT; is previously set to A; in calibration in an adaptive array
radio base station according to the second basic structure of the present
invention shown in Fig. 19. However, it is assumed that the phase
rotation quantities of the respective phase shifters are so set that 6; = 6x
holds and the amplitude fluctuation quantities of the respective _
attenuators are so set that A; » Ax holds among the transmission systems. -

A known signal Sj(t) corresponding to the j-th transmission system is
read from a memory 21 and output through a transmission circuit. The
transmitted signal is received in a receiving circuit of each of all
transmission systems excluding the j-th transmission system, and received
in a received signal measuring unit SMx as a received signal RXjx(t). The
following equation (5-3) expresses the signal RXjk(t) received and measured
by all transmission systems excluding the transmission system
transmitting the signal while sequentially switching the transmission
system transmitting the signal from the first to n-th transmission systems

- RXix(t) = Ajk Aj ATXj ARXx exp -

{igic + 6+ APTX; + ApRXw)} Si(t) + ny(t)
G=1,2, -, n), k=12, -, n)
wherej=k -++(5-3)

When dividing both sides of the above equation (5-3) by the known
signal S;(t) in transmission and calculating the natural logarithms of both
sides for performing Taylor expansion, the following equation (5-4) is found
if the S-N ratio is sufficiently excellent. The following equation (5-5) is
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deduced when noting the imaginary part of the equation (5-4), while the

' _fo]lowing equation (5-6) is deduced when noting the real part:

logs[Aix Aj ATX; ARXi] ._
+i(gn+ 6+ APTX; + APRX) = loge[RXu()/SiH] - (5-9)
¢+ 6+ APTX; + APRXk = Im[loge[RXx(t)/S;(D]],
G=12, -,n), k=12, -, n)
where j = k -++(5-5)
loge[Ajx A; ATX; ARXx] = Re[loge[RXn(t)/S;(t)]],
G=1,2, ~,n), k=12, ,n) _
wherej=k -++(5-6)
The right sides of the equations (5-5) and (5-6) can be found by
measurement and calculation. Assuming that Yik and Xjx represent the
values of the right sides of the equations (5-5) and (5-6) respectively, these
values are expressed in the following equations (5-7) and (5-8) respectively:
Yix= ¢+ 6+ ATX;+ APRXx, (G=1,2, --,n), (k=1,2, -, n)
where j = k : ' . o (5-7)
Xik = loge[Aix] + loge[A;] + loge[ATX;] + loge[ARX],
G=1,2, --,n), k=12, »,n)
where j = k -+ (5-8)
In consideration of initial offset values previously set as described
above, the difference A¢; between the phase rotation quantities of the
transmission and receiving circuits of each transmission circuit and the
difference A¢; between the amplitude fluctuation quantities thereof are
defined in the following equations (5-10) and (5-11) respectively:
Adi= APRX; - {A¢TXj+ 6}, (=1,2, =, n) | (5-10)
AA;=logo[ARX]] - {loge[ATXi] + logs[Al}, G=1,2, -, n) -(5-11)
The following equation (5-12) is obtained by substituting Yix — Yy =
Zx in the equation (5-7), and the following equation (5-13) is found by
substituting Xjk - Xy = Vijk in the equation (5-8): |
Zx= Y- Y= Adx- A¢j, G=1,2, ---,n-1), &k=j+l,j+2, -, n)
' +(5-12)
Vik=Xx - Xig=AAx- A4A;, G=1,2, -+, n-1), &k=j+1,j+2, -, n)
. ' «+(5-13)
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Subsequent operations are identical to the operations of the second
basic structure of the present invention described with reference to Fig. 19,
and the difference in the phase rotation quantity and the difference in the
amplitude fluctuation quantity between the transmission circuit and the
receiving circuit in each transmission system can be calculated by solving
these simultaneous linear equations (5-12) and (5-13).

Figs. 58 and 59 are flow charts of the aforementioned operations of
the eighteenth embodiment implemented by a microcomputer in a software
manner. The flow charts shown in Figs. 58 and 59 are identical to the
operations of the second basic structure of the present invention shown in
Figs. 20 and 21 except the following points:

At a step S2-2h, the phase rotation quantity of the phase shifter PS;
of the transmission system is set not to 0 but to the known value 8;, while
the amplitude fluctuation quantity of the attenuator ATT; is set not to 1 but
to the known value A;. _ _

At a final step S2-18h, the aforementioned known values 8; and A;
are taken into consideration respectively when setting the phase rotation
quantity of the phase shifter and the amplitude fluctuation quantity of the
attenuator in each transmission system for calibration.

As to the remaining operations, the description with reference to the
flow charts of Figs. 20 and 21 is applied and redundant description is not
repeated.

Figs. 60 and 61 are flow charts showing a modification of the
aforementioned eighteenth embodiment shown in Figs. 58 and 59. In this

"modification, the phase rotation quantity of the phase shifter is set to 6 and.-

the amplitude fluctuation quantity of the attenuator is set to Ajin each
transmission system similarly to the aforementioned eighteenth
embodiment, for thereafter transmitting a known signal S;(t) and
calculating Zjx and Vi through operation processing absolutely identical to
that in the eighteenth embodiment.

In the flow chart shown in Fig. 61, however, a determination is made
as to whether or not calculated absolute values of Zix and Vix have sufficient
magnitudes. In other words, the calculated absolute value of Zx is
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compared with a minimum value MZ of Z at a step S2-19 and MZ is
replaced with current |Zi| at a step S2-20 if | Zjx| is less than MZ.
Smnlarly, the calculated absolute value of Vix is compared with a minimum
value MV of V at a step S2-21 and MV is replaced with current | Vik| at a
step 52-22 if | Vik| is less than MV.

When finally found MZ and MV are determined as less than
prescribed reference values CZ and CV respectively at a step S2-23, the
phase rotation quantity 6; and the amplitude fluctuation quantity A; are
changed to proper values respectively at a step S2-24 on the assumption
that the initial set values 6; and A; of the phase rotation quantity of the
phase shifter and the amplitude fluctuation quantity of the attenuator have
been insufficient, and thereafter Zx and Vi are re-calculated. When the
found MZ and MV are consequently determined as greater than CZ and CV
respectively, processing identical to that in the eighteenth embodiment

" shown in Fig. 59 is thereafter performed.

[Equation Selection Mode]

Nineteenth Embodiment _

In each of the aforementioned embodiments, the simultaneous linear
equations related to the phase rotation quantities and the amplitude
fluctuation quantities are finally solved thereby calculating the phase
rotation quantities, the amplitude fluctuation quantities, the phase rotation
quantity difference and the amplitude fluctuation quantity difference.

In any embodiment, the number of unknown variables and the
number of independent equations forming the simultaneous linear
equations are equally three when the number of antenna elements is three.

' In this case, therefore, all of three equations are employed for solving

simultaneous linear equations. If the number of antenna elements
exceeds four, however, it follows that the number of mdependent equatmns
exceeds the number of unknown variables.

A nineteenth embodiment of the present invention is structured to
select equations derived in higher accuracy from all independent equations
forming simultaneous linear equations calculated on the basis of measured
received signals and transmitted signals by a necessary number, i.e., the

-71-



10

15

20

25

30

same number as that of unknown variables for solving the simultaneous
linear equations when the number of antenna elements exceeds four.

According to the nineteenth embodiment of the present invention, it
follows that the equations are sequentially selected from that having the
largest value | Xikl, | Yik|, | Vik| or | Zix| found by measurement or
calculation. ' _

Fig. 62 is a flow chart illustrating operations of the nineteenth
embodiment, which are identical to the second half of the operations of the
second basic structure shown in Fig. 21 except the following point:
Absolute values of all Z are calculated and sorted in descending order at a
step S2-25, and abéolute values of all Vjx are calculated and sorted in '
descending order at a step S2-26. Then, n equations corresponding to the
number of unknown variables are selected in descending order with
reference to | Zjx| for forming simultaneous linear equations related to
differences between phase rotation quantities and calculating solutions,
while selecting n equations in descending order with reference to | Vix| for
forming simultaneous linear equations related to differences between
amplitude fluctuation quantities and calculating solutions. As to the
remaining operations, the description related to the flow charts shown in
Figs. 20 and 21 is applied and redundant description is not repeated.

According to the nineteenth embodiment of the present invention, as
hereinabove described, equations derived in high accuracy are selected for
forming simultaneous linear equations, whereby precise results of
estimation can be obtained in relation to the phase rotation quantities and

‘the amplitude fluctuation quantities.

[Mode Utilizing Remainder Equation]

Twentieth Embodiment _

When the number of antenna elements exceeds four as described
above, some of equations included in a plurality of independent equations
forming simultaneous linear equations are not employed for finding
solutions. According to a twentieth embodiment of the present invention,
equations other than those employed for finding solutions are employed for
verifying results of estimation of information related to phase rotation
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quantities and amplitude fluctuation quantities. When the number of

“antenna elements is four, for example, it follows that simultaneous
~ equations for obtaining differences in phase rotation quantities between .

transmission circuits and receiving circuits are formed by the following
independent equations (6-1) to (6-6):

Z12= Ad2—- A1 +++(6-1)
Z13= Apa—- A1 ' - (6-2)
Z14= Ads— Adn *+(6-3)
Zoa= Ads— Ad2 . (69
Zos= Ads— Ade ++(6-5)
Zsa= Apa— Ad)a | ++(6-6)

It is assumed that the equations (6-1), (6-2), (6-5) and (6-6) included
in the above six independent equations are employed for calculating four
unknown variables A¢1 to Aps, and it is also assumed that tmpA¢; § = 1, 2, 3,
4) represents actually calculated values. According to the twentieth
einbddiment, these values tmpA¢; are substituted in the equations (6-3) and .-
(6-4) not employed for calculating solutions for calculating errors e1 1 = 1, 2,
3, ). In this case, two errors e1 and ez are calculated with the two unused
equations as follows:

e1= Zus - (tmpA¢s - tmpA¢1) =+(6-T)

e2 = Za23 — (tmpA¢s - tmpAdz) -++(6-8)

If these errors e: and ez are less than prescribed reference values
respectively, it follows that the aforementioned results tmpA¢; G=1, 2, 3, 4)
of estimation are regarded as correct and output. When the errors e: and
ez are greater than the prescribed reference values respectively, on the

* other hand, the results of estimation obtained through the aforementioned

four equations are regarded as incorrect and estimation is continued
through re-measurement or the like until the errors e1 and ez reach values
less than the prescribed reference values. |

Figs. 63 and 64 are flow charts showing operations of the twentieth
embodiment, which are identical to the operations of the nineteenth
embodiment of the present invention shown in Fig. 62 except the following
point:
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Simultaneous linear equations consisting of n independent equations

‘related to phase difference information and simultaneous linear equations

consisting of n independent equations related to amplitude fluctuation
quantity difference information are solved respectively for finding solutions
at a step 52-28, and the calculated solutions are substituted in the
equations not employed for calculating the solutions for calculating

" maximum values Zmax and Vmax of Zjx and Vijk respectively at a step S2-29.

A determination is made as to whether or not the calculated maximum
values are not more than prescribed reference values CZ and CV
respectively at a step S2-30, and the aforementioned measurement and
operations are repeated until the calculated maximum values are
determined as exceeding the prescribed reference values.

The remaining operations are identical to those of the
aforementioned nineteenth embodiment.

[Table Reference Correction Mode]

Twenty-First Embodiment S

In each of the aforementioned embodiments, the information related
to the estimated phase rotation quantity and the information related to the
estimated amplitude fluctuation quantity are transmitted to the phase
shifter serving as a phase rotator of each transmission system and the
attenuator serving as an amplitude fluctuator thereof, for performing
compensation so that the phase rotation quantity difference and the
amplitude fluctuation quantity difference are 0 between the transmission
circuit and the receiving circuit of each transmission system.

When the transmission circuit or the receiving circuit of each

* transmission system inclu'des a circuit element (e.g., an amplifier) having - .-

nonlinear characteristics, however, the phase properties and the amplitude
properties may be changed to nullify the aforementioned compensation
depending on the power of a signal input in the transmission circuit or the
receiving circuit. |

In a twenty-first embodiment of the present invention, a phase
rotation quantity and an amplitude fluctuation quantity set in a phase
shifter and an attenuator are corrected to proper values through results of
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calibration once obtained by estimation and a correction table previously

~ recorded in a memory 21 also when phase characteristics and amplitude

characteristics are changed by power of a signal input in a transmission
circuit or a receiving circuit as described above.

" Fig. 65 is a block diagram showing a specific circuit structure of such
a twenty-first embodiment. In the twenty-first embodiment shown in Fig.
65, calibration information calculated for compensating phase rotation
quantities is A¢1, Adz, -, A¢n, and calibration information calculated for
compensating amplitude fluctuation quantities is AAi, AAz, -, AAn.

It is assumed that PCrx represents relatively low power of a -
transmitted signal at the time of estimation of the above calibration
information and PCrx represents relatively low power of a received signal.
It is also assumed that Prx represents power of a current transmitted signal
and Prx represents power of a current received signal. It is further
assumed that the memory 21 previously stores information for correcting
phase rotation quantity information and amplitude fluctuation quantity
information. A control unit 22 is structured to read correction information
for a transmission system corresponding to Prx and PCrx or correction
information for a receiving system corresponding to Prx and PCrx from the
memory 21, add the same to the aforementioned calculated calibration
values and thereafter supply the sums to the phase shifter serving as a
phase rotator and the attenuator serving as an amplitude fluctuator.

Thus, also when the transmission circuit or the receiving circuit includes a
nonlinear circuit element, optimum calibration related to the phase
rotation quantity difference information and the amplitude fluctuation

~ quantity difference information can be regularly performed regardless of -

the power of the received signal or the transmitted signal. _

This embodiment may alternatively be structured to store correction
information skipped at proper intervals in the memory 21 for reducing the
quantity of the correction information stored therein, and find optimum
correction values by interpolation when using the correction information.

[Amplitude Calibration Mode]
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Twenty-Second Embodiment

In each of the embodiments described above, the difference between
the amplitude fluctuation quantities of the receiving circuit and the
transmission circuit is estimated in each transmission system.

Dissimilarly to the case of the phase rotation quantities, however, the
characteristic difference between the transmission circuit and the receiving
circuit itself is not much problematic but the maximum problem is that the
differences between the amplitude fluctuation quantities of the
transmission and receiving circuits vary with the transmission systems.

As to calibration of amplitude information, therefore, the amplitude
fluctuation quantity of the attenuator of each transmission system serving
as an amplitude fluctuator may be so controlled that the differences in the
amplitude fluctuation quantity between the transmission and receiving
circuits of the respective transmission systems reach a given common value,
in addition to the method of contro]]mg the amphtude fluctuation quantity
of the attenuator of each transmission system serving as an amplitude. |
fluctuator so that the difference in the amplitude fluctuation quantity
between the receiving circuit and the transmission circuit of each
transmission system is 0 as in each of the aforementioned embodlments

[Outline of Third Basic Structure]

Fig. 66 is a schematic block diagram showing the outline of a third
basic structure of the adaptive array radio base station according to the
present invention. In the third basic structure of Fig. 66, only parts of the
adaptive array radio base station related to estimation of phase rotation
quantities and amplitude fluctuation quantities and calibration thereof in
relation to the present invention are shown similarly to the first and second
basic structures described above. -

The adaptive array radio base station shown in Fig. 66 consists of
four signal transmission systems, and is characterized in that antenna
elements (four in total) of the respective signal transmission systems are
correctly arranged on the vertices of a square respectively.

More specifically, the adaptive array radio base station shown in Fig.
66 comprises a signal processing circuit 20 consisting of a memory (not
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shown) and a cbntrol unit (not shown), antenna elements ANT1, ANT2,

- ANT3 and ANT4 forming a square array antenna, antenna sharers SW1,

SW2, SW3 and SW4 provided in correspondence to the anténna elements

. ANT1, ANT2, ANT3 and ANT4 respectively, and transmission circuits TX1,

TX2, TX3 and TX4 and receiving circuits RX1, RX2, RX3 and RX4 provided

‘between the antenna sharers SW1, SW2, SW3 and SW4 and the signal

processing circuit 20 in correspondence to the antenna elements ANT1I,
ANT2, ANT3 and ANT4 respectively.

Similarly to the aforementioned first and second basic stxructures, it
is assumed that the signal processing circuit 20 shown in Fig. 66 has a
digital signal processing function of transmitting a known signal from each
antenna element in calibration, actually measuring a signal received from
another antenna element, calculating a receiving response vector and a
transmission response vector described later and calibrating the phase
rotation quantity and the amphtude fluctuation quantity on the basis of the
results of calculation. :

Each of the transmission circuits TX1 TX2, TX3 and TX4is
generically referred to as a circuit existing on a path between the signal
processing circuit 20 and the corresponding antenna sharer SW, and each
of the receiving circuits RX1, RX2, RX3 and RX4 is generically referred to
as a circuit existing on a path between the corresponding antenna sharer
SW and the signal processing circuit 20.

[Embodiments of Third Basic Structure]

Twenty-Third Embodiment

Referring to Fig. 66, each of symbols 6TX1, 6TX2, 6TX3 and 6TX4

denotes a phase rotation quantity of a signal output from the signal

processing circuit 20 to pass through the corresponding transmission circuit
TX and the corresponding antenna sharer SW and reach the corresponding
antenna element ANT, and each of symbols 6RX1, 6RX2, 0RX3 and 6RX4
denotes a phase rotation quantity of the signal, received in the
corresponding antenna element ANT, passing through the corresponding
antenna sharer SW and the corresponding receiving circuit RX and
reaching the signal processing circuit 20 in each transmission system.
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Referring to Fig. 66, further, symbol 012 denotes a phase rotation
quantity of a signal between the antenna elements ANT1 and ANT2,

'symbol 813 denotes a phase rotation quantity of a signal betwéen the

antenna elements ANT1 and ANT3, symbol 814 denotes a phase rotation
quantity of a signal between the antenna elements ANT1 and ANT4,
symbol 623 denotes a phase rotation quantity of a signal between the
antenna elements ANT2 and ANT3, symbol 624 denotes a phase rotation
quantity of a signal between the antenna elements ANT2 and ANT4, and

_symbol 634 denotes a phase rotation quantity of a signal between the

antenna elements ANT3 and ANT4.

A twenty-third embodiment of the third basic structure of the
present invention finds a receiving response vector and a transmission
response vector in the structure shown in Fig. 66, for finding the difference
between the phase data thereof as a correction value.

(1) Method of Measuring Receiving Response Vector

A method of measuring the receiving response vector is now
described. -

@ In the structure shown in Fig. 66, a signal having an initial phase
8IT1 fixed to 0 in the signal processing circuit 20 is transmitted from the
antenna element ANT1 through the transmission circuit TX1 and the
antenna sharer SW1, and received in the remaining antenna elements
ANT2, ANT3 and ANTY.

The following equation (7-1) expresses a phase rotation quantity
8R21 between transmission and receiving of the signal received in the

_ signal processing circuit 20 through the antenna element ANT2, the
- antenna sharer SW2 and the receiving circuit RX2: - '

6R21 = 6TX1 + 612 + 6RX2 = (7-1)

Similarly, the following equation (7-2) expresses a phase rotation
quantity 6R31 between transmission and receiving of the signal received in
the signal processing circuit 20 through the antenna element ANT3, the
antenna sharer SW3 and the receiving circuit RX3:

OR31 = 6TX1 + 013 + 6RX3 -+(7-2)

Similarly, the following equation (7-3) expresses a phase rotation
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quantity 6R41 between transmission and receiving of the signal received in
the signal processing circuit 20 through the antenna element ANT4, the _
antenna sharer SW4 and the receiving circuit RX4:
8R41 = 6TX1 + 014 + 6RX4 ---(7-3)
The equation (7-2) is subtracted from the equation (7-1):
8R21 - 6R31 = 6RX2 - 6RX3 + (912 - 613) '
(6RX2 - 6RX3) = (6R21 - 6R31) - (912 - 013) (7-4)
Similarly, the equation (7-3) is subtracted from the equation (7-2):
8R31 - 6R41 = 6RX3 - 6RX4 + (013 - 014)
(6RX3 - 6RX4) = (BR31 - 0R41) - (013 - 014) (7-8)
Similarly, the equation (7-1) is subtracted from the equation (7-3):
6R41 - 6R21 = 0RX4 - 6RX2 + (914 - 012)
(0RX4 - 6RX2) = (6R41 - 6R21) - (014 - 612) ++(7-6)
® In the structure shown in Fig. 66, a signal having an initial phase

- 8IT2 fixed to 0 in the signal processing circuit 20 is transmitted from the
~ antenna element ANT2 through the transmission circuit TX2 and the -

antenna sharer SW2, and received in the remaining antenna elements
ANT1, ANT3 and ANT4.

The following equation (7-7) expresses a phase rotation quantity
6R12 between transmission and receiving of the signal received in the
signal processing circuit 20 through the antenna element ANT1, the
antenna sharer SW1 and the receiving circuit RX1:

6R12 = 6TX2 + 012 + 6RX1 - ---(7-7)

Similarly, the following equation (7-8) expresses a phase rotation
quantity 6R32 between transmission and recelvmg of the signal received in
the signal processing circuit 20 through the antenna element ANT3 the
antenna sharer SW3 and the receiving circuit RX3: _

6R32 = 6TX2 + 023 + 6RX3 | +(7-8)

Similarly, the following equation (7-9) expresses a phase rotation’
quantity 6R42 between transmission and receiving of the signal received in
the signal processing circuit 20 through the antenna element ANT4, the
antenna sharer SW4 and the receiving circuit RX4:

0R42 = 0TX2 + 624 + 6RX4 (7-9)
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The equation (7-8) is subtracted from the equation (7-7):
6R12 - 6R32 = 6RX1 - 6RX3 + (812 - 623) _

(8TX1 - 8RX3) = (BR12 - 6R32) - (912 - 623) C (T-10)
Similarly, the equation (7-9) is subtracted from the equation (7-8):
6R32 - 6R42 = 6RX3 - 6RX4 + (923 - 624) |
(6RX3 - 6RX4) = (BR32 - 0R42) - (823 — 624) «+(7-11)
Similarly, the equation (7-7) is subtracted from the equation (7-9):
6R42 - 6R12 = 6RX4 - 6RX1 + (624 - 012)

(6RX4 - 6RX1) = (BR42 - 6R12) - (024 - 612) - (7-12)

@ In the structure shown in Fig. 66, a signal having an initial phase
6IT3 fixed to 0 in the signal processing circuit 20 is transmitted from the
antenna element ANT3 through the transmission circuit TX3 and the
antenna sharer SW3, and received in the remaining antenna elements
ANT1, ANT2 and ANT4.

The following equation (7-13) expresses a phase rotation quantity

. 6R13 between transmission and receiving of the signal received in the

signal processing circuit 20 through the antenna element ANT1, the
antenna sharer SW1 and the receiving circuit RX1:

0R13 = 06TX3 + 013 + 0RX1 : ++(7-13)

Similarly, the following equation (7-14) expresses a phase rotation
quantity 0R23 between transmission and receiving of the signal received in
the signal processing circuit 20 through the antenna element ANT2, the
antenna sharer SW2 and the receiving circuit RX2:

6R23 = 6TX3 + 623 + 6RX2 -(7-14)

Similarly, the following equation (7-15) expresses a phase rotation
quantity 6R43 between transmission and receiving of the signal received in
the signal processing circuit 20 through the antenna element ANT4, the
antenna sharer SW4 and the receiving circuit RX4: o

0R43 = 0TX3 + 034 + 6RX4 +++(7-15)

The equation (7-14) is subtracted from the equation (7-13):

6R13 - 6R23 = 6RX1 - 6RX2 + (813 - 623)

(6RX1 - 6RX2) = (6R13 - 6R23) - (013 - 623) -+(7-16)

~ Similarly, the equation (7-15) is subtracted from the equation (7-14):
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6R23 - 6R43 = 0RX2 - 6RX4 + (623 - 634)

(6RX2 - 6RX4) = (BR23 - 6R43) - (623 - 034) L “o(T-1T)
Simi'larly, the equation (7-13) is subtracted from the equation (7-15):
6R43 - 6R13 = 0RX4 - 6RX1 + (934 - 013) |

(6RX4 - 6RX1) = (6R43 - 6R13) - (834 - 613) +++(7-18)
@ In the structure shown in Fig. 66, a signal having an initial phase

. BIT4 fixed to 0 in the signal processing circuit 20 is transmitted from the

antenna element ANT4 through the transmission circuit TX4 and the
antenna sharer SW4, and received in the remaining antenna elements
ANT1, ANT2 and ANTS3.

The following equation (7-19) expresses a phase rotation quantity
0R14 between transmission and receiving of the signal received in the
signal processing circuit 20 through the antenna element ANT1, the
antenna sharer SW1 and the receiving circuit RX1:

0R14 = 0TX4 + 014 + 6RX1 ++(7-19)

. .Similarly, the following equation (7-20) expresses a phase rotation
quantity 6R24 between transmission and receiving of the signal received in
the signal processing circuit 20 through the antenna element ANT2, the
antenna sharer SW2 and the receiving circuit RX2: :

0R24 = 0TX4 + 024 + 6RX2 -++(7-20)

Similarly, the following equation (7-21) expresses a phase rotation
quantity 6R34 between transmission and receiving of the signal received in
the signal processing circuit 20 through the antenna element ANTS3, the
antenna sharer SW3 and the receiving circuit RX3:

6R34 = 6TX4 + 634+ 6RX3 | (721 -

The equation (7-20) is subtracted from the equation (7-19): |

6R14 - 6R24 = 6RX1 - 6RX2 + (814 - 024) '

(6RX1 - 0RX2) = (6R14 - 6R24) - (014 - 024) - (7-22)

Similarly, the equation (7-21) is subtracted from the equation (7-20):

6R24 - 6R34 = 6RX2 - 6RX3 + (924 - 634)

(6RX2 - 6RX3) = (0R24 - 6R34) - (824 - 034) _ +++(7-23)

Similarly, the equation (7-19) is subtracted from the equation (7-21):
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6R34 - 6R14 = 6RX3 - 0RX1 + (834 - 014) :

(BRX3 - 6RX1) = (R34 - 6R14) - (834 -014) o e(7-29)

~® The difference (BRX1 - 6RX2) between the phase rotation
quantities of the signals received in the antenna elements ANT'1 and ANT2
is calculated. _

While the difference (RX1 - 6RX?2) is found from each of the above
equations (7-16) and (7-22), these equations are averaged in order to
further improve the accuracy:

(6RX1 - 6RX?2) = [{(6R14 - 8R24) - (914 - 824)} + {(BR13 - 6R23) -
(013 - 023)}1/2

From this equation,

(6RX1 - 6RX2) = [{(6R14 - 6R24) - (014 - 623)} + {(OR13 - 6R23) -
(013 - 624)}]/2

The antenna elements ANT1 to ANT4 shown in Fig. 66 are arranged
to form a square, and hence 614 = 023 and 013 =624 hold. Hence, the
above equation is converted to the following equation (7-25): :

(6RX1 - 9RX2) {(6R14 - 6R24) + (6R13 - 6R23)}/2 -++(7-25)

The right side of this equation is found from measured values, and
hence the value of the difference ()RX1 - 6RX2) is calculated.

® The difference (BRX2 - 6RX3) between the phase rotation
quantities of the signals received in the antenna elements ANT2 and ANT3
is calculated.

While the difference (BRX2 - 6RX3) is found from each of the above
equations (7-4) and (7-23), these equations are averaged in order to further
Jmprove the accuracy:

'(BRX2 - 6RX3) = [{(6R21 - 6R3 1) - (6 12 - 613)} + {(6R24 BR34) -
(024 - 634)}1/2

‘From this equation, _

(6RX2 - 6RX3) = [{(BR21 - 6R31) - (812 - 634)} + {(6R24 — 6R34) —
(624 - 013)}1/2 |

012 = 634 and 613 = 024 hold, and hence the above equation is '
converted to the following equation (7-26):

(6RX2 - 6RX3) = {(0R21 - 6R31) + (0R24 - 6R34)}/2 --+(7-26)
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The right side of this equation is found from measured values, and

‘hence the value of the difference ((RX2 —.BR,XS) is calculated.

@ The difference (RX3 - GRX4) between the phase rotation
quantities of the signals received in the antenna elements ANT3 and ANT4
is calculated. '

While the difference (BRX3 - 6RX4) is found from each of the above
equations (7-5) and (7-11), these equations are averaged in order to further
improve the accuracy:

(6RX3 - 6RX4) = [{(6R31 - 6R41) - (813 - 914)} + {(6R32 - 6R42) -
(623 - 024)})/2 |

From this equation, -

(6RX3 - 6RX4) = [{(6R31 - 6R41) - (613 - 624)} + {(OR32 ~ 6R42) -

- (023 - 014)}]2

813 = 024 and 023 = 614 hold, and hence the above equation is
converted to the following equation (7-27): -

(6RX3 - 6RX4) = {(6R31 - 6R41) + (BR32 - 0R42)}/2 - --(7-27)

The right side of this equation is found from measured values, and
hence the value of the difference (BRX3 —~ 6RX4) is calculated.

The difference ()RX4 - 6RX1) between the phase rotation
quantities of the signals received in the antenna elements ANT4 and ANT1
iscalculated.

While the difference (6RX4 - 6RX1) is found from each of the above
equations (7-12) and (7-18), these equations are averaged in order to |
further improve the accuracy:

(6RX4 - 6RX1) = [{(0R42 9R12) (924 912)} + {(0R43 GR13) -

(034 - 013)}]/2

From this equation,

(6RX4 - 6RX1) = [{(BR42 - 6R12) - (624 - 613)} + {(6R43 - 9R13) -
(634 - 012)})/2

024 = 013 and 634 = 012 hold, and hence the above equation is
converted to the following equation (7-28):

(6RX4 - 6RX1) = {(BR42 - 6R12) + (6R43 - 6R13)}/2 -+(7-28)

The right side of this equation is found from measured values, and
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hence the value of the difference ((RX4 - 6RX1) is calculated.

@ The receiving response vector is obtained. |

* Assuming that R(1) = 6RX1, R(2) = 6RX2, R(3) = 6RX3 and R(4) 60RX4
represent the phase rotation quantities of the signals received by the
antenna elements ANT1 to ANT4 of the four transmission systems
respectively, a vector R having R(1), R(2), R(3) and R(4) as components is
the receiving response vector of phase data.

While the differences between the phase rotation quantities are
specifically calculated as the values (6RX1 - 6RX?2), (0RX2 - 0RX3), (6RX3 -
0RX4) and (6RX4 - 6RX1) through measured values as found in the above -
equations (7-25) to (7-28), the information is still insufficient for
recognizing the values of the individual phase rotation quantities R(1), R(2),
R(3) and R(4).

When setting the phase rotation quantity, e.g., R(1), of any
transmission system to a reference value 0, the phase rotation quantities of
the remaining transmission systems can be individually calculated from
the aforementioned calculated values of the differences. When setting
R(1) = 0, for example,

R(1) - R(2) = (6RX1 - 6RX2) results in

R(2) = R(1) - (6RX1 - 6RX2), and the value R(2) is calculated on the
basis of the aforementioned measured values of the differences.

Similarly, R(2) - R(3) = (0RX2 - 6RX3) results in

~ R(3) =R(2) - (6RX2 - 6RX3), and the value R(3) is calculated on the
basis of the aforementioned measured values of the differences.

Slmﬂarly, R(3) - R(4) = (6RX3 - 6RX4) results in :

" R(4) =R(@) - (BRX3 - 6RX4), and the value R{)is calculated on the
basis of the aforementioned measured values of the differences. _

When setting the phase rotation quantity of any transmission system
to 0 as hereinabove described, the phase rotation quantities of the
remaining transmission systems are individually found and it follows that
the receiving response vector of phase data is obtained as a result.

Some methods of testing whether or not the aforementioned results
of measurement are erroneous are now described.
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() As to R(4) - R(1) = (RX4 - 6RX1),

"R(1).= 01is set and hence R(4) - (BRX4 -6RX1) must ongma]ly be -
substantmlly 0 if the measurement is correctly performed.

Therefore, rtmp = | R(4) - (6RX4 - 0RX1)| is set for determining that :
the measurement is exroneous if rtmp is in excess of an exror threshold.

(i1) Then, the above equations (7-10) and (7-24) are averaged for
finding the difference (6RX1 - 6RX3) between the phase rotation quantities
of the antenna elements ANT 1 and ANT 3:

(6RX1 - 6RX3) = [{(6BR12 - 6R32) - (012 - 623)} - {(6R34 - 6R14) -
(034 - 014)}1/2

012 = 023 and 034 = 914 hold, and hence:

(6RX1 - 6RX3) = {(0R12 - 6R32) - (6R34 - 6R14)}/2 .

The right side of this equation is found from measured values, and
hence the value (6RX1 - 6RX3) is calculated.

While R(1) - R(3) = (BRX1 - 6RX3),

{R() - R@3)} - (BRX1 - 6RX3) must originally be substantlally 0if
the measurement is correctly performed.

Therefore, rtmp = |{R(1) - R(3)} - (6BRX1 - ORX3)| is set for
determining that the measurement is erroneous if rtmp is in excess of an
error threshold.

(iii) Then, the above equations (7-17) and (7-6) are averaged for
finding the difference ((RX2 - ORX) between the phase rotation quantities
of the antenna elements ANT2 and ANT4:

(6RX2 - 6RX4) = [{(6R23 ~ 6R43) - (823 - 934)} + {(6R41 - 6R21) -

(B 14 - 012)})/2

' 623 =034 and 614 = 012 hold, and hence: -

(6RX2 - 6RX4) = {(6R23 ~ 6R43) - (OR41 - 9R2 1)}/2 _

The right side of this equation is found from measured values, and
hence the value (BRX2 - 6RX4) is calculated.

While R(2) - R(4) = (BRX2 - 6RX4),

{R(2) - R(4)} - (BRX2 - 6RX4) must originally be substantlally 0if
the measurement is correctly performed.

Therefore, rtmp = | {R(2) - R(4)} - ((RX2 - 6RX4)] is set for
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determining that the measurement is erroneous if rtmp is in excess of an
error threshold. _ :

(2) Method of Measuring Transm1ss1on Response Vector

A method of measuring the transmission response vector is now
described.

@ The difference (8TX1 ~ 6TX2) between the phase rotation
quantities of the transmitted signals of the antenna elements ANT1 and
ANT?2 is calculated. '

The equation (7-8) is subtracted from the above equation’(7-2).

8R31 - 6R32 = 0TX1 - 6TX2 + (013 - 623)

(6TX1 - 6TX2) = (6R31 - 6R32) - (913 - 623) . -++(7-29)

Similarly, the equation (7-9) is subtracted from the equation (7-3):

6R41 - 6R42 = 6TX1 - 6TX2 + (14 - 624) |

(6TX1 - 0TX2) = (6R41 - 6R42) - (914 - 624) -+(7-30)

While the difference (8TX1 - 6TX2) is found from each of the above
equations (7-29) and (7-30), these equations are averaged in order to
further improve the accuracy:

(0TX1 - 6TX2) = [{(6R31 - 6R32) - (913 - 623)} + {(6R41 - 6R42) -
(014 - 024)})/2 |

From this equation,

(0TX1 - 0TX2) = [{(6R31 - 6R32) - (013 - 024)} + {(OR41 - 6R42) —
(014 - 023)})/2

013 = 024 and 914 = 623 hold, and hence the above equation is
converted to the following equation (7-31): |

(6TX1 - 6TX2) = {(6R31 - 6R32) + (6R41 - 6R42}}/2 +(7-31)

' The right side of this equation is found from measured values, and
hence the value of the difference (6TX1 - 0TX2) is calculated.

@ The difference (6TX2 - 6TX3) between the phase rotation
quantities of the transmitted signals of the antenna elements ANT2 and
ANTS3 is calculated.

The equation (7-13) is subtracted from the above equation (7-7):

0R12 - 6R13 = 6TX2 - 6TX3 + (012 - 013) '

(6TX2 - 6TX3) = (BR12 - 6R13) - (612 - 013) -++(7-32)
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Similarly, the equation (7-15) is subtracted from the equation (7 -9):

OR42 - 6R43 9TX2 - 6TX3 + (624 — 034)

(0TX2 - 0TX3) = (OR42 - 6R43) - (824 — 034) (7-33).

While the difference (8TX2 - 6TX3) is found from each of the above
equations (7-32) and (7-33), these equations are averaged in oxdex to
further improve the accuracy:

(6TX2 - 0TX3) = [{(6R12 - 6R13) - (812 ~ 613)} + {(BR42 - 6R43) -
(024 - 834)})/2

From this equation,

(6TX2 - 6TX3) = [{(6R12 - 6R13) - (012 - 634)} + {(OR42 - 6R43) -
(624 - 013)}1/2 |

912 = 634 and 624 = 813 hold, and hence the above equation is
converted to the following equation (7-34):

(6TX2 - 9TX3) = {(6R12 - 6R13) + (OR42 - 6R43)}/2 -+(7-34)

~ The right side of this equation is found from measured values, and

hence the value of the difference (§TX2 - 0TX3) is calculated.

® The difference (8TX3 - 6TX4) between the phase rotation
quantities of the transmitted signals of the antenna elements ANT3 and
ANT4 is calculated.

The equation (7-19) is subtracted from the above equation (7-13):

(6R13 - 6R14) = 6TX3 - 0TX4 + (613 - 014)

(6TX3 - 8TX4) = (BR13 - 6R14) ~ (813 - 014) +++(7-35)

Similarly, the equation (7-20) is subtracted from the equation (7-14):

0R23 - 6R24 = 6TX3 - 6TX4 + (623 - 624) _

(6TX3 - 6TX4) = (6R23 - 6R24) - (623 - 624) - .+(7-36)

While the difference (fTX3 - 6TX4) is found from each of the above
equations (7-35) and (7-36), these equations are averaged in order to
further improve the accuracy:

(0TX3 - 6TX4) = [{(6BR13 - 6R14) - (e 13 - 614)} + {(6R23 - 6R24) -
(023 - 624)})/2

From this equation,

(6TX3 - 0TX4) =[{(6R13 - 6R14) - (013 - 624)} + {(6R23 — 6R24) -
(623 - 014)})/2°
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013 = 624 and 623 = 014 hold, and hence the above equation is

converted to the following equation (7-37):

(0TX3 - 6TX4) = {(6R13 - 6R14) + (BR23 — 6R24)}/2 +(7-37)

The right side of this equation is found from measured values, and
hence the value of the difference (6TX3 - 6TX4) is calculated.

@ The difference (fTX4 - 6TX1) between the phase rotation
quantities of the transmitted signals of the antenna elements ANT4 and
ANT1 is calculated.

The equation (7-1) is subtracted from the above equation (7-20):

0R24 - 0R21 = 6TX4 - 6TX1 + (924 - 012)

(6TX4 - 6TX1) = (6R24 - 6R21) - (6R24 - 6R21) - (624 - 012) _

-+(7-38)

Similarly, the equation (7-2) is subtracted from the equation (7-21):

6R34 - 6R31 = 6TX4 - 6TX1 + (834 - 613)

(6TX4 - 6TX1) = (R34 - OR31) - (834 - 013) -+(7-39)

While the difference (6TX4 — 6TX1) is found from each of the above
equations (7-38) and (7-39), these equations are averaged in order to
further improve the accuracy:

(6TX4 - 0TX1) = [{(6R24 - 6R21) - (624 - 012)} + {(OR34 - 6R31) -
(634 - 0613)})/2 |

From this equation,

(6TX4 - 8TX1) = [{(6R24 - 6R21) - (824 - 013)} + {(6R34 - 6R31) -
(634 - 012)}1/2 '

024 = 013 and 634 = 012 hold, and hence the above equation is
converted to the following equation (7-40): , . -

(8TX - 6TX1) = {(9R24 - 6R21) + (R34 ~ R31)}/2 e (7-40)

The right side of this equation is found from measured values, and
hence the value of the difference (6TX4 - 6TX1) is calculated.

® The transmission response vector is obtained.

Assuming that T(1) = 6TX1, T(2) = 0TX2, T(3) = 0TX3 and T(4) =
0TX4 represent the phase rotation quantities of the signals transmitted by
the antenna elements ANT1 to ANT4 of the four transmission systems
respectively, a vector T having (T'(1), T(2), T(3), T(4)) as a component is the
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transmission response vector of phase data.

While the differences between the phase rotation quantities are
specifically calculated as the values of (6TX1 - 8TX2), (8TX2 - 8TX3), (8TX3
- §TX4) and (0TX4 - 6TX1) through measured values as found in the above
equations (7-31), (7-34), (7-37) and (7-40), the information is still
insufficient for recognizing the values of the individual phase rotation
quantities T(1), T(2), T(3) and T(4).

When setting the phase rotation quantity, e.g., T(1), of any
transmission system to a reference value 0, the phase rotation quantities of
the remaining transmission systems can be individually calculated from
the aforementioned calculated values of the differences. When setting T(1)
= 0, for example,

T(1) - T@) = (0TX1 - 0TX2) results in

T(@2) = T(1) - (0TX1 - 8TX2), and the value T(2) is calculated on the
basis of the aforementioned measured values of the differences.

" Similarly, T(2) - T(3) = (8TX2 - 8TX3) results in

T(3) = T(2) - (6TX2 ~ 6TX3), and the value T(3) is calculated on the
basis of the aforementioned measured values of the differences.

Similarly, T(3) - T(4) = (6TX3 - 6TX4) results in

T(4) = T(3) - (6TX3 - 6TX4), and the value T(4) is calculated on the
basis of the aforementioned measured values of the differences.

When setting the phase rotation quantity of any transmission system
to 0 as hereinabove described, the phase rotation quantities of the
remaining transmission systems are individually obtained and it follows

.that the transmission response vector of phase data is obtained as a result.

Some methods of testing whether or not the aforementioned results
of measurement are erroneous are now described.

@ As to T@) - T(1) = (TX4 - 6TX1),

T(1) = 0 is set and hence T(4) - (9TX4 - 6TX1) must originally be
substantially 0 if the measurement is correctly performed.

Therefore, rtmp = | T(4) - (0TX4 - 0TX1)] is set for determining that
the measurement is erroneous if rtmp is in excess of an error threshold.

(31) Then, the difference (6TX1 - 6TX3) between the phase rotation
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quantities of the antenna elements ANT 1 and ANT 3 is obtained.

The equation (7-14) is subtracted from the equation (7-1):

6R21-6R23=0TX1-6TX3+(912-623) :

(6TX1-6TX3)=(6R21-0R23) - (012-0623) ++(7-41)

Similarly, the equation (7-15) is subtracted from the equation (7-3):

6R41 - 6R43 = 06TX1 - 6TX3 + (014 - 634)

(6TX1 - 9TX3) = (6R41 - 6R43) - (914 - 0634) -+(7-42)

These equations (7-41) and (7-42) are averaged: ' '

(0TX1 - 6TX3) = [{(6R21 - 6R23) - (812 - 623)} + {(6R41 - 6R43) -
(014 - 034)}1/2

012 = 023 and 614 = 634 hold, and hence:

(6TX1 - 6TX3) = {(BR21 - 6R23) + (BR41 - 6R43)}/2

The right side of this equation is found from measured values, and
hence the value (6TX1 - 6TX3) is calculated.

While T(1) - T(3) = (6TX1 - 6TX3),

{T(1) - T(3)} - (BTX1 - 6TX3) must originally be substant1a]ly 0 if the -
measurement is correctly performed.

Therefore, rtmp = |{T(1) - T(3)} — (6TX1 - 0TX3)| is set for
determining that the measurement is exroneous if rtmp is in excess of an
error threshold.

(iii) Then, the difference (TX2 - 6TX4) between the phase rotation
quantities of the antenna elements ANT2 and ANT4 is obtained.

The equation (7-19) is subtracted from the equation (7-7):

BR12 - 6R14 = 0TX2 - 6TX4 + (012 - 014)

(6TX2 - 6TX4) = (BR12 - 6R14) ~ (012 - 614) ++(7-43)

- Similarly, the equation (7-21) is subtracted from the equatlon (7-8):

6R32 - 0R34 = 6TX2 - 0TX4 + (923 034)

(6TX2 - 6TX4) = (0R32 - 6R34) - (023 - 034) ¢ -44)

The equations (7-43) and (7-44) are averaged: ' '

(8TX2 - 6TX4) = [{(6R12 - 6R14) - (912 - 814)} + {(9R32 - 6R34) ~
(623 - 634)}1/2 :

012 = 014 and 0623 = 634 hold, and hence:

(6TX2 - 6TX4) = {(6R12 - 6R14) + (BR32 - OR34)}/2
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The right side of this equation is found from measured values, and
hence the value (6TX2 - 6TX4) is calculated.

While T(2) - T(4) = (0TX2 - 0TX4),

{T(2) - T(49)} - (6TX2 - 6TX4) must originally be substantially 0 if the
measurement is correctly performed.

Therefore, rtmp = | {T(2) - T(4)} - (6TX2 - 6TX4)| is set for
determining that the measurement is erroneous if rtmp is in excess of an
error threshold.

(3) Calibration

The difference between the phase rotation quantities in receiving
and transmission, i.e., a phase correction quantity can be calculated for
each corresponding transmission system by subtracting the phase rotation
quantities T'(1), T(2), T(3) and T(4) of the transmission response vector T
from the phase rotation quantities R(1), R(2), R(3) and R(4) of the recelvmg
response vector R calculated in the aforementioned manner.

-The signal processing circuit 20 executes calibration of the phase
rotation quantltxes by previously shifting the initial phase of the
transmitted signal, for example, with the phase correction quantity
calculated for each transmission system in the aforementioned manner.

Twenty-Fourth Embodiment

Fig. 67 shows amplification fluctuation quantities of the respective
parts in the third basic structure of the present invention shown in Fig. 66.
The structure of this adaptive array radio base station itself is identical to
that shown in Fig. 66.

Referring to Figs. 67, each of symbols ATX1, ATX2, ATX3 and ATX4
denotes an amplitude fluctuation quantity of a signal output from the |
signal processing circuit 20 to pass through the corresponding transmission
circuit TX and the corresponding antenna sharer SW and reach the
corresponding antenna element ANT, and each of symbols ARX1, ARX2,
ARX3 and ARX4 denotes an amplitude fluctuation quantity of the signal
received in the corresponding antenna element ANT passing through the
corresponding antenna sharer SW and the corresponding receiving circuit
RX and reaching the signal processing circuit 20 in each transmission
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system.

Referring to Fig. 67, further, symbol A12 denotes an amplitude
fluctuation quantity of a signal between the antenna elements ANT1 and
ANT?2, symbol A13 denotes an amplitude fluctuation quantity of a signal
between the antenna elements ANT1 and ANT3, symbol A14 denotes an
amplitude fluctuation quantity of a signal between the antenna elements
ANT1 and ANT4, symbol A23 denotes an amplitude fluctuation quantity of
a signal between the antenna elements ANT2 and ANT3, symbol A24
denotes an amplitude fluctuation quantity of a signal between the antenna
ANT2 and ANT4, and symbol A34 denotes an amplitude fluctuation
quantity of a signal between the antenna ANT3 and ANT4.

A twenty-fourth embodiment of the third basic structure of the
present invention obtains a receiving response vector and a transmission
response vector in the structure shown in Fig. 67, for obtaining the
difference between the amplitude data thereof as a correction value.

- (1) Method of Measuring Receiving Response Vector

A method of measuring the receiving response vector is now
described.

@ In the structure shown in Fig. 67, a signal having an initial
amplitude AIT1 fixed to 1 in the signal processing circuit 20 is transmitted
from the antenna element ANT1 through the transmission circuit TX1 and
the antenna sharer SW1, and received in the remaining antenna elements
ANT2, ANTS3 and ANT4.

The following equation (8-1) expresses an amplitude fluctuation
quantity AR21 between transmission and receiving of the signal received in
the signal processing circuit 20 ,thfough the émtenna eieineht ANT2, the -
antenna sharer SW2 and the receiving circuit RX2: _

AR21 = ATX1%A12%ARX2 ' +(8-1)

Similarly, the following equation (8-2) expresses an amplitude
fluctuation quantity AR31 between transmission and receiving of the signal
received in the signal processing circuit 20 through the antenna element
ANTS3, the antenna sharer SW3 and the receiving circuit RX3:

AR31 = ATX1xA13%xARX3 ++(8-2)
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Similarly, the following equation (8-3) expresses an amplitude

fluctuation quantity AR41 between transmission and receiving of the signal

received in the signal processing circuit 20 through the antenna element .
ANT4, the antenna sharer SW4 and the receiving circuit RX4:

AR41 = ATX1%xA14 % ATX4 --+(8-3)

The equation (8-1) is divided by the equation (8-2):

AR21/AR31 = ARX2/ARX3 *(A12/A13)

(ARX2/ARX23) = (AR21/AR31)/(A12/A13) +(8-4)

Similarly, the equation (8-2) is divided by the equation (8-3):

AR31/AR41 = ARX3/ARX4 % (A13/A14)

(ARX3/ARX4) = (AR31/AR41)/(A13/A14) ' -++(8-5)

Similarly, the equation (8-1) is divided by the equation (8-3):

AR21/AR41 = ARX2/ARX4 % (A12/A14)

(ARX2/ARX4) = (AR21/AR41)/(A12/A14) +++(8-6)

@ In the structure shown in Fig. 67, a signal having an initial
amplitude AIT2 fixed to 1 in the signal processing circuit 20 is transmitted
from the antenna element ANT2 through the transmission circuit TX2 and
the antenna sharer SW2, and received in the remalmng antenna elements
ANT1, ANT3 and ANT4.

The following equation (8-7) expresses an amplitude fluctuation
quantity AR12 between transmission and receiving of the signal received in
the signal processing circuit 20 through the antenna element ANT1, the
antenna sharer SW1 and the receiving circuit RXl _

AR12 = ATX2x A12 % ARX1 ~+(8-7)
Similarly, the fo]lowmg equatlon (8-8) expresses an amphtude
ﬂuctuatlon quantity AR32 between transmission and receiving of the signal
received in the signal processing circuit 20 through the antenna element

ANTS3, the antenna sharer SW3 and the receiving circuit RX3:

AR32 = ATX2xA23 % ARXS ~+(8-8)
Similarly, the following equation (8-9) expresses an amplitude
fluctuation quantity AR42 between transmission and receiving of the signal
received in the signal processing circuit 20 through the antenna element

ANTY, the antenna sharer SW4 and the receiving circuit RX4:
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AR42 = ATX2 %« A24 x ARX4 --(8-9)

The equation (8-7) is divided by the equation (8-8):

- AR12/AR32 = ARX1/ARX3 % (A12/A23) \
(ARX1/ARX3) = (AR12/AR32)/(A12/A23) -++(8-10)
Similarly, the equation (8-8) is divided by the equation (8-9):
AR32/AR42 = ARX3/ARX4 % (A13/A24)

(ARX3/ARX4) = (AR32/AR42)/(A23/A24) -++(8-11)

Similarly, the equation (8-9) is divided by the equation (8-7):

AR42/AR12=ARX4/ARX1% (A24/A12) ‘

(ARX4/ARX1) = (AR42/AR12)/(A24/A12) --+(8-12)
®. In the structure shown in Fig. 67, a signal having an initial
amplitude AIT3 fixed to 1 in the signal processing circuit 20 is transmitted
from the antenna element ANT3 through the transmission circuit TX3 and
the antenna sharer SW3, and received in the remaining antenna elements

ANT1, ANT2 and ANT4. .

The following equation (8-13) expresses an amplitude fluctuation
quantity AR13 between transmission and receiving of the signal received in
the signal processing circuit 20 through the antenna element ANT1, the
antenna sharer SW1 and the receiving circuit RX1:

AR13 = ATX3xA13%xARX1 -++(8-13)
Similarly, the following equation (8-14) expresses an amplitude
fluctuation quantity AR23 between transmission and receiving of the signal
received in the signal processing circuit 20 through the antenna element

ANT?2, the antenna sharer SW2 and the receiving circuit RX2:

AR23 = ATX3x A23x ARX2 - S +(8-14)
Similarly, the following equation (8-15) expresses an amplitude
fluctuation quantity AR43 between transmission and receiving of the signal
received in the signal processing circuit 20 through the antenna element

ANT4, the antenna sharer SW4 and the receiving circuit RX4:

AR43 = ATX3xA34 %« ARX4 -++(8-15)

The equation (8-13) is divided by the equation (8-14):

AR13/AR23 = ARX1/ARX2 % (A13/A23) _

(ARX1/ARX2) = (AR13/AR23)/(A13/A23) --+(8-16)
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Similarly, the equation (8-14) is divided by the equation (8-15):
AR23/AR43 = ARX2/ARX4 x (A23/A34) :
(ARX2/ARX4) = (AR23/AR43)/(A23/A34) L e(8-17).
Similarly, the equation (8-15) is subtracted from the equation (8-13):
AR43/AR13 = ARX4/ARX1 % (A34/A13)
(ARX4/ARX1) = (AR43/AR13)/(A34/A13) --+(8-18)
@ In the structure shown in Fig. 67, a signal having an initial
amplitude AIT4 fixed to 1 in the signal processing circuit 20 is transmitted
from the antenna element ANT4 through the transmission circuit TX4 and
the antenna sharer SW4, and received in the remaining antenna elements

ANT1, ANT2 and ANT3.

The following equation (8-19) expresses an amplitude fluctuation
quantity AR14 between transmission and receiving of the signal received in
the signal processing circuit 20 through the antenna element ANT1, the
antenna sharer SW1 and the receiving circuit RX1:

AR14 = ATX4%A14%ARX1 - ~(8-19)
Similarly, the following equation (8-20) expresses an amplitude
fluctuation quantity AR24 between transmission and receiving of the signal
received in the signal processing circuit 20 through the antenna element
ANT?2, the antenna sharer SW2 and the receiving circuit RX2: _

AR24 = ATX4%A24 % ARX2 ' ++(8-20)

Similarly, the following equation (8-21) expresses an amplitude
fluctuation quantity AR34 between transmission and receiving of the signal
received in the signal processing circuit 20 through the antenna element

| ANT3 the antenna sharer SW3 and the recelvmg circuit RX3

' AR34 = ATX4%A34%ARX3 (821
The equation (8-19) is divided by the equatlon (8-20):

AR14/AR24 = ARX1/ARX2 x (A14/A24)

(ARX1/ARX2) = (AR14/AR24)/(A14/A24) -+(8-22)
Similarly, the equation (8-20) is divided by the equation (8-21):
AR24/AR34 = ARX2/ARX3 % (A24/A34)

(ARX2/ARX3) = (AR24/AR34)/(A24/A34) -++(8-23)
Similarly, the equation (8-19) is divided by the equation (8-21):
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. AR14/AR34 = ARX1/ARX3 % (A14/A34)
(ARXI/ARX3) = (AR14/AR34)/(A14/A34) | (8-24)
® The difference (ARX1/ARX2) between the amplitude fluctuation

- quantities of the signals received in the antenna elements ANT1 and ANT2

is calculated.

While the difference (ARX1/ARX2) is found from each of the above
equations (8-16) and (8-22), these equations are averaged in order to
further improve the accuracy. The first terms on the right sides of these
equations can be found from measured values, while rigorous values can be
calculated from the distance between the antenna elements as to the second
terms. Therefore, the following averaging is performed on the assumption
that there is no measurement error only when the difference between the

calculated values of these equations is not more than an error threshold.

This also applies to the following description of the averaging:
_ (ARX1/ARX?2) = [{(AR14/AR24)/(A14/A24)} +
{(AR13/AR23)/(A18/A23)}}/)2 a -(8-25)

The right side of this equation is found on the basis of the measured
values and the values previously calculated from the distance between the
antenna elements as described above, and hence the value of the difference
(ARX1/ARX2) is calculated.

® The difference (ARX2/ARX3) between the amplitude fluctuation
quantities of the signals received in the antenna elements ANT2 and ANT3
is calculated. |

While the difference (ARX2/ARX3) is found from each of the above
equatmns (8-4) and (8 23), these equatlons are averaged in order to further

- improve the accuracy:

(ARX2/ARX3) = [{(AR2 1/AR3 1)/(A12/A13)} + L
{(AR24/AR34)/(A24/A34)}}/2 -++(8-26)

The right side of this equation is found from measured values and
values previously calculated from the distance between the antenna
elements, and hence the value of the difference (ARX2/ARX3) is calculated.

@ The difference (ARX3/ARX4) between the amplitude fluctuation
quantities of the signals received in the antenna elements ANT3 and ANT4
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is calculated.

- While the difference (ARX3/ARX4) is found from each of the above
eqﬁations (8-5) and (8-11), these equations are averaged in order to further
improve the accuracy:

(ARX3/ARX4) = [{(AR3 1/AR41)/(A13/A14)} +
{(AR32/AR42)/(A23/A24)}]1/2 ~+(8-27)

The right side of this equation is found from measured values and
values previously calculated from the distance between the antenna
elements, and hence the value of the difference (ARX3/ARX4) is calculated.

® The difference (ARX4/ARX1) between the amplitude fluctuation
quantities of the signals received in the antenna elements ANT4 and ANTl
is calculated.

While the difference (ARX4/ARX1) is found from each of the above
equations (8-12) and (8-18), these equations are averaged in order to
further improve the accuracy:

(ARX4/ARX1) = [{(AR42/AR12)/(A24/A12)} +
{(AR43/AR13)/(A34/A13)})/2 --+(8-28)

The right side of this equation is found from measured values and
values previously calculated from the distance between the antenna
elements, and hence the value of the difference (ARX4/ARX1) is calculated.

@ The receiving response vector is obtained.

Assuming that AR(1) = ARX1, AR(2) = ARX2, AR(3) = ARX3 and
AR(4) = ARX4 represent the amplitude fluctuation quantities of the signals
received by the antenna elements ANT1 to ANT4 of the four transmission

systems respectively, a vector R having AR(1), AR(2), AR(3) and AR(4) as
.components is the receiving response vector of amphtude data..

While the differences between the amplitude fluctuation quantities
are specifically calculated as the values (ARX1/ARX2), (ARX2/ARX3),
(ARX3/ARX4) and (ARX4/ARX1) through measured values etc. as found in
the above equations (8-25) to (8-28), the information is still insufficient for
recognizing the values of the individual amplitude fluctuation quantities
AR(1), AR(2), AR(3) and AR(4).

When setting the amplitude fluctuation quantity, e.g., AR(1), of any

-97-



10

15

20

25

30

transmission system to a reference value 1, the amplitude fluctuation
quantities of the remaining transmission systems can be individually
calculated from the aforementioned calculated values of the differences.
When setting AR(1) = 1, for example,

AR(1)/AR(2) = (ARX1/ARX2) results in

AR(2) = AR(1)/(ARX1/ARX?2), and the value AR(2) is calculated on
the basis of the aforementioned measured values of the differences.

Similarly, AR(2)/AR(3) = (ARX2/ARX3) results in

AR(3) = AR(2)/(ARX2/ARX3), and the value AR(3) is calculated on
the basis of the aforementioned measured values of the differences.

Similarly, AR(3)/AR(4) = (ARX3/ARX4) results in

AR(4) = AR(3)/(ARX3/ARX4), and the value AR(4) is calculated on
the basis of the aforementioned measured values of the differences.

- When setting the amplitude fluctuation quantity of any transmission
system to 1 as hereinabove described, the amplitude fluctuation quantities
of the remaining transmission systems are individually found and it follows
that the receiving response vector of amplitude data is obtained as a result.

Some methods of testing whether or not the aforementioned results
of measurement are exroneous are now described.

@ As to AR(4/AR(1) = (ARX4/ARX1),

AR(1) = 1is set and hence AR(4)/(ARX4/ARX1) must originally be
substantially 1 if the measurement is correctly performed.

Therefore, rtmp = | AR(4)/(ARX4/ARX1) - 1] is set for determining
that the measurement is erroneous if rtmp is in excess of an error threshold.

(ii) Then, the above equations (8-10) and (8-24) are averaged for .
finding the difference (ARX1/ARX3) between the amplitude fluctuation -
guantities of the antenna elements ANT 1 and ANT 3.

(ARX1/ARX3) = [{(AR12/AR32)/(A12/A23)} +
{(AR14/AR34)/(A14/A34)})/2

Al2 = A23 = A34 = Al14 hold, and hence:

(ARX1/ARX3) = {(AR12/AR32) + (AR14/AR34)}/2

The right side of this equation is found from measured values, and
hence the value (ARX1/ARX3) is calculated. -
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While AR(1)/AR(3) = (ARX1/ARX3),
{AR(1)/AR(3)}/(ARX1/ARX3) must originally be substantla]ly 1 1f the

measurement is correctly performed.

Therefore, rtmp = | {AR(1)/AR(3)}/(ARX1/ARX3) - 1] is set for
determining that the measurement is erroneous if rtmp is in excess of an
error threshold.

(iii) Then, the above equations (8-17) and (8-6) are averaged for
finding the difference (ARX2/ARX4) between the amplitude fluctuation
quantities of the antenna elements ANT2 and ANT4.

(ARX2/ARX4) = [{(AR23/AR43)/(A23/A34)} +
{(AR21/AR41)/(A12/A14)}1/2

Al2 = A23 = A34 = A14 holds, and hence:

(ARX2/ARX4) = {(AR23/AR43) + (AR21/AR41)}/2

The right side of this equation is found from measured values, and
hence the value (ARX2/ARX4) is calculated.

While AR(2)/AR(4) = (ARX2/ARX4),

{AR(2)/AR(4)}/(ARX2/ARX4) must originally be substantla]ly 1 1f the
measurement is correctly performed.

Therefore, rtmp = | {AR(2)/AR(4)}/(ARX2/ARX4) - 1] is set for

determining that the measurement is erroneous if rtmp is in excess of an

error threshold.
~ (2) Method of Measuring Transmission Response Vector

A method of measuring the transmission response vector is now
described.

@ The djﬂ'erence (ATX1/ATX2) between the amplitude ﬂuctuation
quantities of the transmitted signals of the antenna elements ANT1 and

ANT2 is calculated.

The above equation (8-2) is divided by the equation (8-8):
AR31/AR32=ATX1/ATX2 % (A13/A23)

(ATX1/ATX2) = (AR31/AR32)/(A13/A23) --+(8-29)
Similarly, the equation (8-3) is divided by the equation (8-9):
AR41/AR42 = ATX1/ATX2 % (A14/A24)

(ATX1/ATX2) = (AR41/AR42)/(A14/A24) --+(8-30)
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While the difference (ATX1/ATX2) is found from each of the above
equations (8-29) and (8-30), these equatlons are averaged in order to
further improve the accuracy: '

(ATX1/ATX?2) = [{(AR31/AR32)/(A13/A23)} +
{(AR41/AR42)/(A14/A24)})/2 ] --+(8-31)

The right side of this equation is found from measured values and
values previously calculated from the distance between the antenna '
elements, and hence the value of the difference (ATX1/ATX2) is calculated.

@ The difference (ATX2/ATX3) between the amplitude fluctuation
quantities of the transmitted signals of the antenna elements ANT2 and
ANTS3 is calculated.

The above equation (8-7) is divided by the equation (8-13):

AR12/AR13 = ATX2/ATX3 % (A12/A13) '

(ATX2/ATX3) = (AR12/AR13)/(A12/A13) ' -++(8-32)

Similarly, the equation (8-9) is divided by the equatlon @8- 15)

AR42/AR43 = ATX2/ATX3 * (A24/A34) :

(ATX2/ATX3) = (AR42/AR43)/(A24/A34) ' -+(8-33)

While the difference (ATX2/ATX3) is found from each of the above
equations (8-32) and (8-33), these equations are averaged in order to
further improve the accuracy:

(ATX2/ATX3) = [{(AR12/AR13)/(A12/A13)} +
{(AR42/ARA43)/(A24/A34)})/2 --+(8-34)

The right side of this equation is found from measured values and
values previously calculated from the distance between the antenna

 elements, and hence the value of the difference (ATX2/ATX3) is calculated.

® The difference (ATX3/ATX4) between the amplitude fluctuation
quantities of the transmitted signals of the antenna elements ANT3 and
ANT4 is calculated. |
The above equation (8-13) is divided by the equation (8-19):
AR13/AR14 = ATX3/ATX4* (A13/A14)
(ATX3/ATX4) = (AR13/AR14)/(A13/A14) --+(8-35)
' Similarly, the equation (8-14) is divided by the equation (8-20):
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AR23/AR24 = ATX3/ATX4 x (A23/A24)
. (ATX3/ATX4) = (AR23/AR24)/(A23/A24) . -++(8-36)

'While the difference (ATX3/ATX4) is found from each of the above

equations (8-35) and (8-36), these equations are averaged in order to
further improve the accuracy:

" (ATX3/ATX4) = [{(AR13/AR14)/(A13/A14)} +

{(AR23/AR24)/(A23/A24)}1/2 --(8-37)
The right side of this equation is found from measured values and
values previously calculated from the distance between the antenna _
elements, and hence the value of the difference (ATX3/ATX4) is calculated.
@ The difference (ATX4/ATX1) between the amplitude fluctuation
quantities of the transmitted signals of the antenna elements ANT4 and
ANT1 is calculated.
The above equation (8-20) is divided by the equation (8-1):
AR24/AR21 = ATX4/ATX1%(A24/A12)

(ATX4/ATX1) = (AR24/AR21)/(A24/A12) - -(8-38)
Similarly, the equation (8-21) is divided by the equation (8-2):
AR34/AR31 = ATX4/ATX1x(A34/A13)

(ATX4/ATX1) = (AR34/AR31)/(A34/A13) --+(8-39)

While the difference (ATX4/ATX1) is found from each of the above
equations (8-38) and (8-39), these equations are averaged in order to
further improve the accuracy:

(ATX4/ATX1) = [{(AR24/AR21)/(A24/A12)} +
{(AR34/AR31)/(A34/A13)}]/2 -+(8-40)

The right side of this equation is found from measured values and -
values previously calculated from the distance between the antenna .
elements, and hence the value of the difference (ATX4/ATX1) is calculated.

® The transmission responée vector is obtained.

Assuming that AT(1) = ATX1, AT(2) = ATX2, AT(3) = ATX3 and

AT(4) ATX4 represent the amplitude fluctuation quantities of the signals
transmitted by the antenna elements ANT1 to ANT4 of the four
transmission systems respectivély, a vector T having (AT(1), AT(2), AT(3),
AT(4)) as components is the transmission response vector of amplitude data.
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While the differences between the amplitude fluctuation quantities
are speciﬁca]_ly calculated as the values (ATX1/ATX2), (ATX2/ATX3), -

(ATXS/ATX4) and (ATX4/ATX1) through measured values as found in the

above equations (8-31), (8-34), (8-37) and (8-40), the information is still-
insufficient for recognizing the values of the individual amplitude
fluctuation quantities AT(1), AT(2), AT(3) and AT(4).

When setting the amplitude fluctuation quantity, e.g., AT(1), of any
transmission system to a reference value 1, the amplitude fluctuation
quantities of the remaining transmission systems can be individually
calculated from the aforementioned calculated values of the differences.
When setting AT'(1) = 1, for example,

AT(1)/AT(2) = (ATX1/ATX2) results in

AT(2) = AT()/(ATX1/ATX2), and the value AT(2) is calculated on the

~ basis of the aforementioned measured values of the differences.

Similarly, AT(2)/AT(3) (ATX2/ATXS3) results in

AT@) = AT(2)/(ATX2/ATX3) and the value AT(3) is calculated on the
basis of the aforementioned measured values of the differences.

Similarly, AT(3)/AT(4) = (ATX3/ATX4) results in

AT(4) = AT(3)/(ATX3/ATX4), and the value AT(4) is calculated on the
basis of the aforementioned measured values of the differences.

When setting the amplitude fluctuation quantity of any transmission
system to 1 as hereinabove described, the amplitude fluctuation quantities
of the remaining transmission systems are individually obtained and it
follows that the transmission response vector of amplitude data is obtained

. as aresult.

Some methods of testing whether or not the aforementioned results
of measurement are erroneous are now described.

@) As to AT(4)/AT(1) = (ATX4/ATX1),

AT(1) = 11is set and hence AT(4)/(ATX4/ATX1) must originally be
substantially 1 if the measurement is correctly performed.

Therefore, rtmp = | AT(4)/(ATX4/ATX1) - 1| is set for determining
that the measurement is erroneous if rtmp is in excess of an exrror threshold.

(ii) Then, the difference (ATX1/ATX3) between the amplitude
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fluctuation quantities of the antenna elements ANT 1 and ANT 8 is
‘obtained. _ : L . '

The equation (8-1) is divided by the equation (8-14):

AR21/AR23 = ATX1/ATX3 % (A12/A23) :

(ATX1/ATX3) = (AR21/AR23)/(A12/A23) ' +(8-41)

Similarly, the equation (8-3) is divided by the equation (8-15):

AR41/AR43 = ATX1/ATX3 % (A14/A34)

(ATX1/ATX3) = (AR41/AR43)/(A14/A34) - +(8-42)

These equations (8-41) and (8-42) are averaged:

(ATX1/ATX3) = [{(AR21/AR23)/(A12/A23)} +
{(AR41/AR43)/(A14/A34)})/2

A12 = A23 = A34 = A14 holds, and hence:

(ATX1/ATX3) = {(AR21/AR23) + (AR41/AR43)}/2

. The right side of this equation is found from measured values, and
hence the valué (ATX1/ATX3) is calculated.
. While AT(1)/AT(3) = (ATX1/ATX3), '

{AT(1)/AT3)}/(ATX1/ATX3) must originally be substantially 1 if the
measurement is correctly performed.

Therefore, rtmp = | {AT(1)/AT(3)}/(ATX1/ATX3) - 1] is set for
determining that the measurement is erroneous if rtmp is in excess of an
error threshold.

(iii) Then, the difference (ATX2/ATX4) between the amplitude
fluctuation quantities of the antenna elements ANT2 and ANT4 is obtained.

The equation (8-7) is divided the equation (8-19):

AR12/AR14 = ATX2/ATX4 % (A12/A19) B . :

(ATX2/ATX4) = (AR12/AR14)/(A12/A14) - - (8-43)

Similarly, the equation (8-8) is divided by the equation (8-21):

AR32/AR34=ATX2/ATX4 % (A23/A34)

(ATX2/ATX4) = (AR32/AR34)/(A23/A34) (8-44)

The equations (8-43) and (8-44) are averaged:

(ATX2/ATX4) = [{(AR12/AR14)/(A12/A14)} +
{(AR32/AR34)/(A23/A34)}}/2

Al2 = A23 = A34 = A14 holds, and hence:
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(ATX2IATX45 = {(AR12/AR14) + (AR32/AR34)}/2
The right side of this equation is found from measured values, and

" hence the value (ATX2/ATX4) is calculated.

While AT(2)/AT(4) = (ATX2/ATX4),

{AT(2)/AT(4)}/(ATX2/ATX4) must originally be substantially 1 if the
measurement is correctly performed.

Therefore, rtmp = | {AT(Q)/AT4)}(ATX2/ATX4) - 1] is set for |
determining that the measurement is erroneous if rtmp is in excess of an
error threshold.

(3) Calibration

The difference in the amplitude fluctuation quantity between
receiving and transmission, i.e., an amplitude correction quantity can be
calculated for each corresponding transmission system by subtracting the
amplitude fluctuation quantities AT(1), AT(2), AT(3) and AT(4) of the
transmission response vector AT from the amplitude fluctuation quantities

- AR(1), AR(2), AR(3) and AR(4) of the receiving response vector AR

calculated in the aforementioned manner.

The signal processing circuit 20 executes calibration of the amplitude
fluctuation quantities by previously shifting the initial amplitude of the
transmitted signal, for example, through the amplitude correction quantity
calculated for each transmission system in the aforementioned manner.

According to the present invention, as hereinabove described,
information related to transmission characteristics of each transmission
system is estimated on the basis of a known signal transmitted from each
transmission system and a received signal measured therein ina radio
apparatus inéluding a plurality of transmission systeins, whereby. . .
calibration of the transmission characteristics between a receiving circuit
and a transmission circuit of each transmission system can be performed in
a simple structure at a low cost, without separately providing a specific
measuring circuit.
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CLAIMS

1. A radio apparatus capable of calibrating transmission
characteristics, comprising:

n (n: integer greater than or equal to 3) signal transmission systems
each including an antenna (ANT) as well as a transmission circuit (TX) and
a receiving circuit (RX) sharing said antenna; _

control means (22) performing control for transmitting a known
signal from said transmission circuit of each of said n signal transmission
systems and receiving said transmitted signal in said receiving circuits of a
plurality of signal transmission systems included in said n signal
transmission systems in calibration;

signal processing means (PE, AE) provided for each said signal
transmission system for performing prescribed signal processing on a signal
received in said receiving circuit of sa1d signal transmission system with
said known signal;

storage means (21) storing signals obtained by said signal processing
means in said plurality of signal transmission systems; and

arithmetic means (22) calculating information related to at least
either a phase rotation quantity or an amplitude fluctuation quantity
resulting in a signal from passage of said signal through each of said
transmission circuit and said receiving circuit of each of said n signal
transmission systems on the basis of said signals stored in said storage
means.

' 2. The radio apparatus according to claim 1, further comprising
calibration means (PS, ATT) calibrating at least either said phase rotation
quantity or said amplitude fluctuation quantity so that at least either the
difference in a phase rotation quantity or the difference in an amplitude
fluctuation quantity between said transmission circuit and said receiving
circuit of each of said n signal transmission systems reaches 0 on the basis
of said information calculated by said arithmetic means.
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3. The radio apparatus according to claim 1, further comprising

~calibration means (ATT) calibrating said amplitude fluctuation quantity so

that differences in amplitude fluctuation quantities between said
transmission circuits and said receiving circuits of said n signal
transmission systems are equal to each other among said n signal
transmission systems on the basis of said information calculated by said
arithmetic means.

4. The radio apparatus according to claim 1, wherein said control
means performs control for receiving said known signal transmitted from
said transmission circuit of each of said n signal transmission systems in
said receiving circuits of all said n signal transmission systems.

5. The radio apparatus according to claim 1, wherein said control
means performs control for receiving said known signal transmitted from
said transmission circuit of each of said n signal transmission systems in
said receiving circuits of said signal transmission systems, included in said
n signal transmission systems, other than said signal transmission system
transmitting said known signal.

6. The lfadio apparatus according to claim 1, wherein said control
means serially performs transmission of said signal from said transmission

circuit of each of said n signal transmission systems.

7. The radio apparatus according to claim 5, wherein said control

_ means simultaneously performs trarismission of said signal from said

transmission circuit of each of said n transmission systems.

8. The radio apparatus according to claim 6, wherein said signal
processing means includes:

means (MP) dividing each of signals received in said receiving circuit
of each of said signal transmission systems from said respective
transmission circuits of said signal transmission systems by said known
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" means (SP) extracting a phase component and an amphtude
component of each signal obtained by said lelsmn and

said arithmetic means includes:

means deriving first simultaneous linear equations consisting of
unknown variables related to phase rotation quantities of said respective
transmission circuits and said respective receiving circuits of said signal
transmission systems and said phase components extracted by said
respective signal processing means of said signal transmission systems,

means deriving second simultaneous linear equations consisting of
unknown variables related to amplitude fluctuation quantities of said
respective transmission circuits and said respective receiving circuits of
said signal transmission systems and said amplitude components extracted
by said respective signal processing means of said signal transmission
systems, and

means solving sa1d first and second simultaneous linear equations
for calculating information related to said phase rotation quantities and
said amplitude fluctuation quantities as said unknown variables.

9. The radio apparatus according to claim 6, wherein said signal
processing means includes:

means (MP) dividing each of signals received in said receiving circuit
of each of said signal transmission systems from said respective
transmission circuits of said signal transmission systems by said known
signal, and

means (SP) calculatmg the natural logarithm ‘of each s1gna1 obtamed
by said division and separating said natural logarithm into an imaginary
part and a real part, and

said arithmetic means includes:

means deriving first simultaneous linear equations consisting of
unknown variables related to phase rotation quantities of said respective
transmission circuits and said respective receiving circuits of said signal
transmission systems and said imaginary parts separated by said
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respective signal processing means of said signal transmission systems,

means deriving second simultaneous linear equations consisting of
unknown variables related to amplitude fluctuation quantities of said
respective transmission circuits and said respective receiving circuits of -
said signal transmission systems and said real parts separated by said
respective signal processing means of said signal transmission systems, and

means solving said first and second simultaneous linear equations
for calculating information related to said phase rotation quantities and
said amplitude fluctuation quantities as said unknown variables.

10. The radio apparatus according to claim 6, wherein said signal
processing means includes:

means (SP) calculating the natural logarithm of each of signals
received in said receiving circuit of each of said signal transmission systems
from said respective transmission circuits of said signal transmission - .
systems and separating said natural logarithm into an imaginary part and
a real part, '

means (SA) performing first subtraction for subtracting an
imaginary part of a signal found by calculating the natural logarithm of
said known signal from said separated imaginary part, and

means (SB) performing second subtraction for subtracting a real part
of said signal found by calculating the natural logarithm of said known
signal from said separated real part, and

said arithmetic means includes:

- means deriving first simultaneous linear equations consisting of

| ‘unknown variables related to phase rotation quantities of said respective . -

transmission circuits and said respective receiving circuits of said signal
transmission systems and imaginary parts obtained through said first
subtraction by said respective signal processing means of said signal
transmission systems, . |

means deriving second simultaneous linear equations consisting of
unknown variables related to amplitude fluctuation quantities of said
respective transmission circuits and said respective receiving circuits of
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said signal transmission systems and real parts obtained thrdugh said
second subtraction by said respectlve signal processing means of said signal
transmission systems and

means solving said first and second simultaneous linear equations
for calculating information related to said phase rotation quantities and
said amplitude fluctuation quantities as said unknown variables.

11. The radio apparatus according to claim 6, wherein said
prescribed signal processing of said signal processing means includes time
averaging of signals.

12. The radio apparatus according to claim 11,-Wherein said signal
processing means includes:

means (MP) dividing each of signals received in sa1d receiving circuit
of each of said signal transmission systems from said respective
transmission circuits of said signal transmission systems by said known
signal,

means (TA) time-averaging each of signals obtained by said division,

means (SP) calculating the natural logarithm of each of said time-
averaged signals and separating said natural logarithm into an imaginary
part and a real part, and

said arithmetic means includes:

means deriving first simultaneous linear equations consisting of

- unknown variables related to phase rotation quantities of said respective

transmission circuits and said respective receiving circuits of said signal
transmission systems and said imaginary parts separated by said
respective signal processing means of said signal transmission systems,
means deriving second simultaneous linear equations consisting of
unknown variables related to amplitude fluctuation quantities of said
respective transmission circuits and said respective receiving circuits of
said signal transmission systems and said real parts separated by said
respective signal processing means of said signal transmission systems, and
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means solving said first and second simultaneous linear equations
for calculatmg information related to said phase rotation quantities and
said amplitude fluctuation quantities as said unknown variables. '

13. The radio apparatus according to claim 11, wherein said signal
processing means includes:

means (MP) dividing each of signals received in said receiving circuit
of each of said signal transmission systems from said respective
fransmission circuits of said signal transmlssmn systems by said known
signal,

means (SP) extracting a phase component and an amplitude
component of each signal obtained by said division, and

means (TA) time-averaging each of said extracted phase component
and said extracted amplitude component, and

said arithmetic means includes:

means deriving first simultaneous linear equations consisting of -
unknown variables related to phase rotation quantities of said respective
transmission circuits and said respective receiving circuits of said signal
transmission systems and said phase components time-averaged by said
respective signal processing means of said signal transmission systems,

means deriving second simultaneous linear equations consisting of
unknown variables related to amplitude fluctuation quantities of said
respective transmission circuits and said respective receiving circuits of
said signal transmission systems and said amplitude components time-

averaged by said respective signal processing means of sa1d signal

transmission systems, and _

means solving said first and second smultaneous linear equations
for calculating information related to said phase rotation quantities and
said amplitude fluctuation quantities as said unknown variables. '

14. The radio apparatus according to claim 11, wherein said signal

processing means includes:
means (MP) dividing each of signals received in said receiving circuit
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of each of said signal transmission systems from said respective
transmission circuits of sa1d respective signal transmlssmn systems by said
known signal, -

means (SP) calculating the natural loganthm of each signal obtained
by said division and separating said natural logarithm into an imaginary
part and a real part, and |

means (TA) time-averaging each of said separated imaginary part
and said separated real part, and

said arithmetic means includes: .

means deriving first simultaneous linear equations consisting of
unknown variables related to phase rotation quantities of said respective
transmission circuits and said respective receiving circuits of said signal
transmission systems and said imaginary parts time-averaged by said
respective signal processing means of said signal transmission systems,

means denvmg second simultaneous linear equations consisting of
unknown variables related to amplitude fluctuation quantities of said
respective transmission circuits and said respective receiving circuits of
said signal transmission systems and said real parts time-averaged by said
respective signal processing means of said signal transmission systems, and

means solving said first and second simultaneous linear equations
for calculating information related to said phase rotation quantities and
said amplitude fluctuation quantities as said unknown variables.

- 15. The radio apparatus according to claim 11, wherein said signal

processmg means includes:-

means (MP) d1v1dmg each of smgnals received in sa1d receiving c1rcu1t o
of each of said signal transmission systems from said respective
transmission circuits of said signal transmission systems by said known
signal, ,

means (LC) calculating the natural logarithm of each signal obtamed
by said division, ‘

means (TA) time-averaging each signal obtained by calculation of the
natural logarithm, and
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means (IQ) separating said time-averaged signal into an imaginary
part and a real part, and '

said arithmetic means includes:

means deriving first simultaneous linear equations consisting of
unknown variables related to phase rotation quantities of said respective
transmission circuits and said respective receiving circuits of said signal
transmission systems and said imaginary parts separated by said

" respective signal processing means of said signal transmission systems,

means deriving second simultaneous linear equations consisting of
unknown variables related to amp]itude fluctuation quantities of said
respective transmission circuits and said respective receiving circuits of
said signal transmission systems and said real parts separated by said
respective signal processing means of said signal transmission systems, and

means solving said first and second simultaneous linear equations
for calculating information related to said phase rotation quantities and -

" said amplitude fluctuation guantities as said unknown variables.

16. The radio apparatus according to cla:m 11, wherein said signal
processing means includes:

means (SP) calculating the natural logarithm of each of signals
received in said receiving circuit of each of said signal transmission systems
from said respective transmission circuit of said signal transmission
systems and separating said natural logarithm into an imaginary part and
a real part, :

_ means (TA) time-averaging each of said separated 1magmary part

and said separated real part, _

- means (SA) performing ﬁrst subtraction for subtractmg an
imaginary part of a signal found by calculating the natural logarithm of
said known signal from said time-averaged imaginary part, and

means (SB) performing second subtraction for subtracting a real part
of said signal found by calculating the natural logarithm of said known
signal from said time-averaged real part, and

said arithmetic means includes:
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means deriving first simultaneous linear equations consisting of
unknown vari_ables related to phase rotation quantities of said respective

_'transmission circuits and said respective receiving circuits of said signal -

transmission systems and imaginary parts obtained through said first
subtraction by said respective signal processing means of said signal
transmission systems, _

means deriving second simultaneous linear equations consisting of
unknown variables related to amplitude fluctuation quantities of said
respective transmission circuits and said respective receiving circuits of
said signal transmission systems and real parts obtained through said
second subtraction by said respective signal processing means of said signal
transmission systems, and _

means solving said first and second simultaneous linear equations
for calculating information related to said phase rotation quantities and
said amplitude fluctuation quantities as said unknown variables.

17. The radio apparatus according to claim 11, wherein said signal
processing means includes:

means (LC) calculating the natural logarithm of each of signals
received in said receiving circuit of each of said signal transmission systems
from said respective transmission circuits of said signal transmission
systems, ' '

means (TA) time-averaging each signal obtained by calculatlon of the
natural logarithm,

means (IQ) separating sa1d tlme-averaged signal into an Lmagmary :

| part and a real part,

means (SA) performing first subtractlon for subtractmg an
imaginary part of a signal found by calculating the natural logarithm of
said known signal from said separated imaginary part, and

means (SB) performing second subtraction for subtracting a real part
of said signal found by calculating the natural logarithm of said known
signal from said separated real part, and

said arithmetic means includes:
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means deriving first simultaneous linear equations consisting of
unknown variables related to phase rotation quantities of said respective
transmission circuits and said respective receiving circuits of said signal -
transmission systems and said imaginary parts obtained through said first
subtraction by said respective signal processing means of said signal
transmission systems,

means deriving second simultaneous linear equations consisting of
unknown variables related to amplitude fluctuation quantities of said
respective transmission circuits and said respective receiving circuits of
said signal transmission systems and real parts obtained through said
second subtraction by said respective signal processing means of said signal
transmission systems, and

means solving said first and second simultaneous linear equations
for calculating information related to said phase rotation quantities and
said amplitude fluctuation quantities as said unknown variables.

18. The radio apparatus according to claim 1, wherein said
prescribed signal processing of said signal processing means includes signal
correlation processing.

19. The radio apparatus according to claim 18, wherem said signal
processing means includes:

means (CR) performing correlation processing of each of signals
received in said receiving circuit of each of said signal transmission systems
from said respective transmission circuits of said signal transmssmn
systems and said known s1gnal and

means (SP) calculating the natural logarithm of each signal obtained
by said correlation processing and separating said natural logarithm into

_ an imaginary part and a real part, and

said arithmetic means includes: .

means deriving first simultaneous linear equations consisting of
unknown variables related to phase rotation quantities of said respective
transmission circuits and said respective receiving circuits of said signal
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transmission systems and said imaginary parts separated by said

respective signal processing means of said signal transmission systems,

means deriving second simultaneous linear equations consisting of
unknown variables related to amplitude fluctuation quantities of said

" respective transmission circuits and said respective receiving circuits of

said signal transmission systems and said real parts separated by said
respective signal processing means of said signal transmission systems, and

means solving said first and second simultaneous linear equations
for calculating information related to said phase rotation quantities and
said amplitude fluctuation quantities as said unknown variables.

20. The radio apparatus according to claim 5, further comprising
means offsetting the difference between phase rotation quantities of said
transmission circuit and said receiving circuit of each said signal
transmission system and the difference between amplitude fluctuation

. quantities of said transmission circuit and said receiving circuit of each

said signal transmission system so that differences between said phase
rotation quantities differ from each other between said n signal
transmission systems and differences between said amplitude fluctuation
quantities differ from each other between said n signal transmission
systems.

21. The radio apparatus according to claim 8, 9, 10, 12, 15, 16 or 17,
wherein said arithmetic means selects equations derived in higher accuracy
and employs selected said equations for calculating said unknown variables
when the number of equations forming each said simultaneous linear -
equations is greater than the number of equations necessary for calculating
said unknown variables. '

22. The radio apparatus according to claim 21, wherein said
arithmetic means employs non-selected said equations included in said
equations forming each said simultaneous linear equations for verification
of variables calculated with said selected equations.
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23. The radio apparatus according to claim 2 or '3, further
comprising means correcting the quantity of said calibration by said
calibration means in response to the power of a signal input in said
transmission circuit or said receiving circuit of each said S1gna1
transmission system.

24. A calibration method for a radio apparatus comprising n (n:
integer greater than or equal to 3) signal transmission systems each
including an antenna (ANT) as well as a transmission circuit (TX) and a
receiving circuit (RX) sharing said antenna, comprising steps of:

performing control for transmitting a known signal from said
transmission circuit of each of said n signal transmission systems and
receiving said transmitted signal in said receiving circuits of a plurality of
signal transmission systems included in sa1d n signal transmission systems
in calibration; '

performing prescribed signal processing on a signal received in said
receiving circuit with said known signal in each said signal transmission
system;

storing signals obtained by said signal processing in said plurahty of
signal transmission systems;

calculating information related to at least either a phase rotation
quantity or an amplitude fluctuation quantity resulting in a signal from
passage of said signal through each of said transmission circuit and said
receiving circuit of each of said n 31gnal transmlssmn systems on the basis

- of said stored s1gnals and

calibrating at least either the difference in a phase rotation quantity
or the difference in an amplitude fluctuation quantity between said
transmission circuit and said receiving circuit of each of said n signal
transmission systems on the basis of said calculated information.

25. The calibration method according to claim 24, wherein said step
of performing control includes a step of performing control for receiving
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said known signal transmitted from said transmission circuit of each of

- said n signal transmission systems in said receiving circuits of all said n

signal transmission systems.

26. The calibration method according to claim 24, wherein said step
of performing control includes a step of performing control for receiving
said known signal transmitted from said transmission circuit of each of
said n signal transmission systems in said feceiving circuits of said signal
transmission systems, included in said n signal transmission systems, other
than said signal transmission system transmitting said known signal.

- . 27. The calibration method according to claim 24, wherein said step
of performing control includes a step of serially pexforming transmission of
said signal from said transmission circuit of each of said n signal '
transmission systems.

28. The calibration method according to claim 26, wherein said step
of performing control includes a step of simultaneously performing
transmission of said signal from said transmission circuit of each of said n
transmission systems.

29. The calibration method according to claim 27, wherein said step
of performing prescribed processing includes a step of time-averaging
signals. '

30. The calibration method according to claim 24, wherein said step-
of performing prescribed signal processing includes a step of performing
correlation processing of signals. '

31. The calibration method according to claim 26, further including
a step of offsetting the difference between phase rotation quantities of said
transmission circuit and said receiving circuit of each said signal
transmission system and the difference between amplitude fluctuation
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quantities of said transmission circuit and said receiving circuit of each

“said signal transmission system so that differences between said phase
" rotation quant1t1es differ from each other between said n signal

transmission systems and differences between said amplitude fluctuation
quantities differ from each other between said n signal transmission
systems.

32. The calibration method according to claim 24, further including
a step of correcting the quantity of said calibration through said calibrating
step in response to the power of a signal input in said transmission circuit
or said receiving circuit of each said signal transmission system.

33. Aradio apparatus capable of calibrating transmission
characteristics, comprising:

four signal transmission systems each including an antenna element
(ANT) as well as a transmission circuit (TX) and a receiving circuit (RX)
sharing said antenna element, with said antenna element of each of said
four signal transmission systems arranged to be located on a vertex of a
square;

means transmitting a signal having a fixed initial phase from said
transmission circuit of each of said four signal transmission systems and
receiving said signal in said receiving circuits of remaining said signal
transmission systems excluding said signal transmission system '
transmitting said signal for measuring a phase rotation quantity from
transmission to rece1vmg of said signal for each of said s1gnal transmission.
systems receiving said signal; o

means calculating the difference between phase rotation quantities
of said receiving circuits of each pair of said signal transmission systems
adjacent to each other on said square on the basis of said measured phase
rotation quantities;

means setting a phase rotation quantity of said receiving circuit of
any one of said four signal transmission systems to a prescribed reference
value thereby calculating a phase rotation quantity of said receiving circuit
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.of each of remaining said signal transmission systems;

‘means calculating the difference between phase rotation quant1t1es
of said transmission circuits of each pair of said signal transmission
systems adjacent to each other on said square on the basis of said measured
phase rotation quantities;

means setting a phase rotation quantity of said transmission circuit
of any one of said four signal transmission systems to a prescribed
reference value thereby calculating a phase rotation quantity of said
transmission circuit of each of remaining said signal transmission systems;
and

means calculating the difference between said phase rotation
quantities of said receiving circuit and said transmission circuit calculated
for each said signal transmission system as a phase correction quantity.

34. Aradio apparatus capable of cahbratmg transmlssmn
characteristics, comprising: |

four signal transmission systems each including an antenna element
(ANT) as well as a transmission circuit (TX) and a receiving circuit (RX)
sharing said antenna element, with said antenna element of each of said
four signal transmission systems arranged to be located on a vertex of a
square;

means transmitting a signal having a fixed initial amplitude from
said transmission circuit of each of said four signal transmission systems
and receiving said signal in said receiving circuits of remaining said signal
transmission systems excluding said s1gna1 transmission system
transmitting said signal for measuring an amphtude fluctuation quant1ty
from transmission to receiving of said signal for each of said signal
transmission systems receiving said signal;

means calculating the difference between amplitude fluctuation
quantities of said receiving circuits of each pair of said signal transmission
systems adjacent to each other on said square on the basis of said measured
amplitude fluctuation quantities;

means setting a amplitude fluctuation quantity of said receiving
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circuit of any one of said four signal transmission systems to a prescribed
reference value thereby calculating an amplitude fluctuation quantity of
said feéeiving circuit of each of remaining said signal transmission
systems;

means calculating the difference between amplitude fluctuation
quantities of said transmission circuits of each pair of said signal
transmission systems adjacent to each other on said square on the basis of
said measured amplitude fluctuation quantities; |

means setting an amplitude fluctuation quantity of said
transmission circuit of any one of said four signal transmission systems to a
prescribed reference value thereby calculating an amplitude fluctuation
quantity of said transmission circuit of each of remaining said signal
transmission systems; and

means calculating the difference between said amplitude fluctuation

_quantities of said receiving circuit and said transmission circuit calculated

for each said signal transmission system as an amplitude correction
quantity.
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