
DESCRIPTION 

Radio Apparatus. ~d Calibration Method Therefor· 

5 Technical Field 

10 

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 

15 p:tjnciple of such an adaptive array radio base station is described 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 & 
20 Propag., vol.AP-24, No.5, pp.585-598 (Sept. 1976). 

0. L. Frost, III: " Adaptive Least Squares Optimization Subject to 

Linear Equality Constraints", SEL-70-055, Technical Report, No.6796-2, 

Information System Lab., Stanford Univ. (Aug. 1970). 

B. Widrow and S. D. Stearns: "Adaptive Signal Processing", 

25 Prenti~e-Hall, Englewood Cliffs (198_5). 

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

John Wiley & Sons, New York (1980). 

J. E. Hudson: "Adaptive Array Principles", Peter Peregrinus Ltd., 

London (1981). 

30 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. Referring to Fig. 68, 
ari ·adaptive array radio base station· 1 comprises an array anterina 2 

formed by n antennas #1, #2, #3, ···, #n, and a first diagonal line area 3 

5 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 b~ 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 
10 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 

15 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 sigiial transmitted between the portable telephone 4 of · 

the user A and the adaptive array radio base station 1. 
20 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 A and B in a 
mixed state unless some necessary processing is performed, to 
disadvantageously hinder communication with the regular user A 

25 I~ 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. 69 is a 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) 
30 represents the signal from the user B, a signal xl(t) received in the first 

antenna #1 forming the array antenna 2 shown in Fig. 68 is expressed as 
follows: 

xl(t) =al x A(t) +bl x B(t) 
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where al and bl representfactors changing in real time, as described later. 
A signal x2(t) received in the second antenna #2 is expressed as 

follows:··· 

x2(t) = a2 x A(t) + b2 x B(t) 
5 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. 

10 Similarly, a signal xn(t) received in then-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, 
15 ···, #n forming the array ~tenna 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). 

20 The above factors bl, 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 b 1, b2, b3, ... , bn change in 
real time. 

25 The signals xl(t), x2(t), x3(t}, ... , xn(t) received in the respective . . . . ' . . . 

antennas #1, #2, #3, ... ~' #ri. are input in a· receiving unit lR 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 

30 multipliers 12-1, 12-2, 12-3, ... , 12-n respectively. 
Weights wl, w2, w3, ... , wn for the signals xl(t), x2(t), x3(t), ... , xn(t) 

received in the antennas #1, #2, #3, ... , #tJ. are applied to other inputs of 
these multipliers 12-1, 12-2, 12-3, ... , 12-n respectively. The weight vector 

- 3 -



control unit 11 calculates these weights wl, w2, w3, ... , wn in real time, as 
described later. 

Therefore, the signal xl(t) received in the antenna #1 is converted to 
wl x (alA(t) + blB(t)) through the multiplier 12-1, the signal x2(t) received 

5 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. 

· 10 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) + blB(t)) + w2(a2A(t) + b2B(t)) + w3(a3A(t) + b3B(t)) + ··· + 
wn(anA(t) + bnB(t)) 

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

(wlal + w2a2 +·w3a3 + ... + wnan)A(t) + (wlbl + 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, ... , 

20 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 bl, b2, b3, ... , bn as constants and 
calculates the weights wl, w2, w3, ... , wn so that the factors of the signals 
A(t) and B(t) are 1 and 0 as a whole respectively, in order to extract ~mly 

25 the signal A(t) from the intended user A for communication . 
. In other words, the weight vector control unit 11 s~lves the following 

simultaneous linear equations, thereby calculating the weights wl, w2, w3, 
... , wn so that the factors of the signals A(t) and B(t) are 1 and 0 
respectively: 

30 wlal + w2a2 + w3a3 + ... + wnan = 1 
wlbl + w2b2 +w3b3 + ... +wnbn =O · 
The method of solving the above simultaneous linear equations, not 

described in this specification, is known as described in the aforementioned 
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literature and already put into practice in an actual adaptive array radio 
base station. 

When setting the weights wl, ~2, w3, ... , wn in the aforementioned 
manner, the adder 13 outputs the following signal: 

5 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 

10 radio base station and data (sound etc.} consisting of a signal series 
unknown to the radio base station. 

The ~ignal 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 

15 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 

20 outputs the signal from the user A extracted in the aforementioned manner 
as an output signal S&x(t}. 

Referring again to Fig. 69, an external input signal STX(t) is input in 
a transmission unit 1 T 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 

25 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 ~ther 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 · 

30 corresponding switches 10-1, 10-2; 10-3, ... , 10-n respectively, and 
transmitted into the area 3 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, 
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and hence the portable telephone set 4 of the user A receives the 
transmitted radio signal as if the si~al has directivity to the user A. Fig. 
71 images such transfer of a radio signal between the user A and the 
adaptive array radio base station 1. Imaged is such a state that the 

5 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 
10 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 wl, w2, w3, ... , wn for equivalently weighting received and 
-transmitted signals in the receiving unit lR and the transmission unit lT. 
Even if the adaptive array radio base station 1 completely controls 

15 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, I0-2, I0-3, ···, IO-n and 

20 the corresponding multipliers 12-I, I2-2, I2-3, ... , I2-n of the receiving unit 
IR and the distance between the switches IO-I, I0-2, I0-3, ... , IO-n and the 
corresponding multipliers I5-1, 15-2, 15-3, ... , I5-n of the transmission unit 
IT are generally not completely identical to each other. If the distances 
are different from each other, a difference in phase rotation quantity, a 

25 difference in amplitude fluctuation quantity, or the like is 
disadvantageously caused b.etween the received.signal and th~ transmitted· 

signal received in and transmitted from each antenna, and the radio signal 
. cannot be transferred between the target user and the adaptive array radio 
base station I with excellent directivity. 

30 In general, paths between the switches IO-I, I0-2, I0-3, ... , IO-n and 
the corresponding multipliers I2-l, 12-2, I2-3, ···, I2-n of the receiving unit 
IR include necessary receiving circuits (not shown) respectively, and paths 
between these switches IO-I, I0-2, 10-3, ... , IO-n and the corresponding 
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multipliers 15-1, 15-2, 15-3, ···, 15-n of the transmission unit lT include 
necessary transmi~sion 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 

5 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 

10 rotation quantity and the amplitude fluctuation quantity 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 

15 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 
20 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. 

25 Disclosure of Invention 
The present invention is directed to a radio apparatus capable ()f 

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. 

30 Each of then signal transmission systems 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 
5 system, for performing prescribed signal processing on the signal received 

in the receiVing circuit of the ·signal transmission system with the known 
signal. 

10 

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. 

15 · 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 

20 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 

25 signal processing on the signal received in. the receiving circuit with the 
known signal in each signal trans~:iSsion system. The storage st~p 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 

30 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 fluctuation quantity between the 
transmission circuit and· the receiving circuit of each of the n signal 
transmission systems on the basis of the calculated information. 

5 Brief Description of Drawings 
Fig. 1 is 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 ~agram showing a modification of the 
10 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. 

15 Fig. 4 is a schematic block diagram showing a modification of the 
second basic structure of the adaptive array radio base station according 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 

20 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. 7 is a fl.ow chart showing the first half of operations of the first 
25 basic structure. 

. . . 

Fig. 8 is a flow chart showing the. second half of the operations of the 
first basic· structure. 

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

30 Fig. 10 is a fl.ow 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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5 

Fig. 12 is a flow chart showing operations of the modification shown 
in Fig. 11. 

Fig. 13 is a ~chematic block diagram sho\i?ing 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. 16 is a flow chart showing operations of the first embodiment 
10 shown in Fig. 15. 

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 showing 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 radfo 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. 

20 Fig. 21 is 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 
25. the modific~tiQn of the second basic structure. 

Fig. 24 is a schematic block diagram showing still 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. 

30 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 inventipn. 
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Fig. 28 is a flow chart showing the first half of operations of the 
modifica~on shown in Fig. 27. . 

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

5 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 operations of the third embodiment 
shown in Fig. 30. 

Fig. 32 is a block diagram showing a fourth embodiment of the 
10 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 specific circuit structure of a 
fifth embodiment of the present invention. 

15 Fig. 35 is a flow chart showing operations of the fifth embodiment 
shown in Fig. 34. 

Fig. 36 is a flow chart showing a calculation routine included in the 
operations shown in Fig. 35. 

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

Fig. 38 is a block diagram showing a specific circuit structure of a 
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. 

25 Fig. 40 is a flow chart showing a calculation routine incl'!lded in the 
operations shown in Fig. 39. 

Fig. 41 is a flow chart showing another calculation routine included 
in the operations shown in Fig. 39. 

Fig. 42 is a block diagram showing a specific circuit structure of ail 

30 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 include4 

in the operations shown in Fig. 39 
Fig. 46 is a block diagram showing a specific circuit structure of a 

5 . tenth embodiment of the present invention. 
Fig. 4 7 is a flow chart showing 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. 
10 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 

15 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. 
20 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 

25 seventeenth embo.diment.o_fthe present invention. 
Fig, 57 is a flow chart showing a calculation routine included 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. 
30 Fig. 59 is a flow chart showing 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 operations of a 

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 secon.d half of operations of a 
nineteenth embodiment of the present invention. 

5 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 th~ present invention. 

Fig. 65 is a block diagram showing a specific circuit structure of a 
10 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 pr~sent invention. 

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

15 Fig. 68 is a model diagram conceptually showing 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 
20 radio signal for a portable telephone. 

Fig. 71 is 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 
25 [Outline of First Basic Structure] 

Fig. 1 is a schematic block diagr~ ·showing a principal part of a 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 

30 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 lR and the transmission part 1 T 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. 

The adaptive array radio base station shown in Fig. 1 comprises a . 

signal processing circuit 20, n antenna elements ANT1. ···• ANTj, ···• ANTk, 
5 ···, ANTn forming an array antenna. antenna sharers SW1, ···, SWj, ···, SWk, 

···• SW n provided in correspondence to the antenna elements ANTi, ···, ANTj, 
.... ANTk .... , ANT n respectively, and transmission circuits TX1, ... , TXj, ···• 
TXk, ···, TXn and receiving circuits RX1, ... , RXj, ... , RXk, ... , RXn provided 

between the antenna sharers SW1, ... , SWj, ... , SWk, .... SWn and the signal 

10 processing circuit 20 in correspondence to the antenna elements ANT1, ···, 
ANTj, .... ANTk, ... , ANTn respectively. 

The signal processing circuit 20 includes a memory 21 previously 
storing known signals S1(t), ... , S;(t). ... , Sk(t), ... , Sn(t) to be transmitted from 

the antenna elements ANT1, ... , ANTj, ... , ANTk, .. ., ANTn respectively in 

15 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 PS1, ... , PSj, ··-, PSk, ... , PSn, attenuators ATT1, .. ., ATTi, ... 

ATTk, ···, ATTn and transmitted signal output units SG1, ··-, SQ;, ··-, SGk, .. ., 

SGn provided between the memory 21 and the transmission circuits TX1, ···, 
20 TXi, ... , TXk, ···, TXn in correspondenc~ to the antenna elements ANT1, ... , 

ANTj, .. ., ANTk .... , ANTn respectively. and received signal measuring units 
SM1, ··-, SMj, ... , SMit, ... , SMn, phase extraction circuits PE1, ... , PE;, .. ., PEk, 
... , PEn and amplitude extraction circuits AE1, .... AEj, ... , AEk, ... , AEn 

provided between the memory 21 and the receiving circuits RX1, ... , RXj, ···, 
25 RXk, ... , RXn in correspondence to the antenna elements ANT1, ... , ANTj, ... , 

ANTk~ ... , ANTn respectively. 

It is assumed that each of the transmission circuits TX1, ... , TX;, ... , 

TXk, ···, TXn is generically referred to as a circuit consisting of a frequency 
converter, an amplifier, a filter, a diffuser etc., for example, and existing on 

30 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 RX1, 
···, RXj, ···, RXk, ... , RXn is generically referred to as a circuit consisting of a 

5 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 

10 antenna sharer SW and the corresponding received signal measuring unit 
SM shows the presence of such a transmission circuit. 

The known signals S1(t), ... , Sj(t), ···, Sk(t), ... , Sn(t), corresponding to 
the antenna elements ANT1, ... , ANTj, ... , ANTk, ···, ANTn respectively, 
output from the memory 21 in calibration are rotated in phase by 01, ... ' 0j, 

15 .. ., 0k, ···, 0n by the corresponding phase shifters PS1, ···, PSi, ... , PSk, ... , PSn, 
to form signais S1{t)e°xp(i81), ... , Si(t)exp(i0j), ... , Sk(t)exp(i0k), .. ;, Sn(t)exP(iBn) 
respectively. · The phase rotation quantity of each phase shifter is 
controlle.d by a control signal from the control unit 22. 

The phase-rotated signals S1(t)exp(i81), ... , Sj(t)exp(i0j), ... , 
20 Sk(t)exp(i0k), ... , Sn(t)exp(iBn) are amplitude-fluctuated by Ai,···, 1\i, ... , Ak, ... , 

An by the ·corresponding attenuators ATT11 ... , ATTj, ... , ATTk, ... , ATTn, to 
form signals A1S1(t)exp(i81), ···, 1\;Sj(t)exp(i0j), ···, AkSk(t)exp(i0k), ···, 
AnSn(t)exp(i0n) respectively. The amplitude fluctuation quantity of each 
attenuator is controlled by a control signal from the control unit 22. 

25 .These signals A1S1(t)exp(i01), ···, AJSj(t)exp(i0j), ... ,.AkSk(t)exp(i0k), ... , 
AnSn(t)exp(i0n) are transmitted from the corresponding transmitted signal · 
output units SG1, ... , SG-j, ... , SGk, ... , SGn respectively, and supplied to the 
corresponding antenna sharers SW1, ···, SWj, ... , SWk, ... , SWn through the 
corresponding transmission circuits TX1, .~.,TX;,···, TXk, ···, TXn respectively. 

30 Each of these antenna sharers SW1, ... , SWj, ···, SWk, ···, SWnis 
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 

5 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 ANT1, 

... , ANTj, ···, ANTk, ... , ANTn in calibration are supplied to the corresponding 
received signal measuring units SM1, ... , SMh ···, SMk, ... , SMn through the 

10 corresponding antenna sharers SW1, ···, SWj, ... , SWk, ... , SWn 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. 

15 The signals received in the received signal measuring units SM1, ... , 
SMj, ~··, SMk, ···, SMn are supplied in parallel to the corresponding phase 
extraction circuits PE1, ···, PEj, ... , PEk, ··-, PEn and the corresponding 
amplitude extraction circuits AE1, ... , .AE;, ···, AEk, ···, AEn respectively. As 

described later, information extracted in the phase extraction circuits PE1, 
20 .... , PEj, ··-, PEk, ... , PEn and the amplitude extraction circuits AE1, .. ., AEj, ... , 

. 25 

AEk, ···, AEn is supplied to and stored in the memory 21. 
Operations of the transmitted signal output units SG1, · ... , SG-j, ···, SGk, 

... , SGn and the received signal measuring units SM1, ···, SMj, ... , SMk, ... , 
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 

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

5 phase extraction circuit PE and the amplitude extraction circuit AE but to a 
receiving Unit (not shown: refer to lR 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 
10 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 p~ocessing circuit 20 in Fig. 

15 1, a phase shifter PS and an attenuator ATT corresponding ther~to 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 p)J.ase shifter PS and the 
20 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 arrangeme:nt is not 

25 illustrated in particular.. Further, the phase shifter PS and the attenuator 
ATT may be provided both inside and outside the si~·al processing circW.t 
20. 

[Outline of Second Basic Structure] 
Fig. 3 is a schematic block diagram showing a principal part of a · 

30 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 s'Yitched that· a signal from a transmission circuit TX is directly 
supplied to a receiving circuit RX, dissimilarly to the first basic structure of 

5 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 

10 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 

15 in Fig. 3 except the following point: 
While the phase shifter PS andthe 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 

20 Fig. 4. 
As described with reference to the modification of Fig. 2, 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 

25 the phase shifter PS and the attenuator ATT may be provided in the signal 
processing circUit 20 while arrangmg the other o:p.e 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. 

30 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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Sj(t): known signal output from j-th transmitted signal output unit 

SG-i 
RXjk(t): signal Sj(t)·, output from j-th transmitted sign~ output unit 

S{}j, measured by k-th received signal measuring unit SMk 

5 0.i: phase rotation quantity of signal resulting from passage through 
j-th phase shifter PSi 

Aq,RXj: phase rotation quantity of signal resulting from passage 

through j-th receiving circuit RXj 

A<j>TX;: phase rotation quantity of signal resulting from passage 

10 through j-th transmission circuit TXj 

<l>jk: sum of phase rotation quantity of signal resulting from passage 
through j-th antenna sharer SWi to j-th antenna element ANTj, phase 
rotation quantity of radio signal resulting from propagation through j-th 

antenna element ANTj to k-th antenna element ANTk and phase rotation 
15 quantity of signal resulting from passage through k-th antenna element 

ANTk to k-th antenna sharer SWk 

.Aj: amplitude fluctuation quantity of signal resulting from passage 
through j-th attenuator ATTj 

ARXi: amplitude fluctuation quantity of signal resulting from 
20 passage through j-th receiving circuit RX; 

ATXi: amplitude fluctuation quantity of signal resulting from 

passage through j-th transmission circuit TXj 

.Aik: sum of amplitude fluctuation quantity of signal resulting from 
passage through j-th antenna sharer SWj to j-th antenna element ANTj, 

25 amplitude fluctuation quantity of radio signal resulting from propagation 

th.rough j-th antenn~ element .ANTj to k-th antenna element ANTk and 
amplitude fluctuation quantity of signal resultiD.g from passage through k­

th antenna element ANTk to k-th antenna sharer SWk 

30 

n: number of antenna elements (number 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 se_cond basic structures described above. 
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[Operation Principle of First Basic Structure] 
Fig. 6 typ~cally illustrates the 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 shown in Fig. 1. The 

5 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 PSj of 
the j-th transmission system, for example, is set to 0 and the amplitude 

10 fluctuation quantity Ai of the attenuator ATTj 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 PSj, the attenuator 

15 ATTj, the transmitted signal output unit SG;, the transmission circuit TXj, 
. . 

the antenna sharer SWj and the antenna element ANTj 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 

20 antenna element ANTk and the receiving circuit RX:k of the k-th 
transmission system, and measured by the received signal measuring unit 
SMt 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 

25 transmission circuit TXi to ~he receiving circuit RXj of this transmission 
system, .so that the re~eiving clrcuit RXj of the tran~mission system itself 
receives the signal transmitted from the transmission circuit T:K.i and the 
received signal measuring unit SM; measures the signal as a received 
signal RXjj(t). 

30 The following equation (1-1) expresses the signal RXjk(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 RXjk(t) received and measured in each of the first to n-th 
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5 

transmission systems after sequentially switching the transmission system 
. transmitting the signal from the first to n-th transmission systems: 

RXjk(t)·= 1\k ATXj ARXk exp{i(cpjk + A<j>TXj + AcpRXk)}Sj(t) + njk(t),' 

(k = 1, 2~ ···, n) ···(1-1) 

RXjk(t) = 1\k ATXj ARXk exp{i(cp;k + AcpTXj + Acj>RXk)}S;(t) + njk(t}, 
(j=l,2, ···,n), (k=l,2, ···,n) 

where A;k = 1 and cj>;k = 0 (when j = k) ···(1•2) 

In the above equations, njk(t) represents noise and i represents an 

imaginary unit (i2 = -1). 

10 Both sides of the above equation (1-2) are divided by the known 

sign_al $j(t) j.n,_tf~smission 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): 
1\k ATXi ARXk exp{i(cpjk + AcpTXi + AcpRXk)} + njk(t)/Si(t) = RXik(t)/Si(t) 

15 ···(1-3) 
loge[l\k ATXj ARXkexp{i(cpjk + Acj>TXj + AcpRXk)} + njk{t)/Sj(t)] 

= loge(RXjk(t)/Sj(t)] ···(1-4) 

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 

20 A;kATXjARXkexp{i(cpjk + AcpTX; + AcpRXt)} = Vlljk{t)/$j(t) = w 
Assuming that the signal power-to-noise power ratio (S-N ratio) is 

sufficiently excellent, vis 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 

25 the terms following w/v on the right side of the equation {l-5) ~e ignorable. 
since it is assumed that ~he S-N ratio is sufficiently excellent (I w/v I << 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] + w/v - (w/v)2/2 + (wfv)S/3 -··· ···(1-5). 

30 loge[A;k ATX;ARXk] + i(cp;k + AcpTX; + Acj>RXk) = loge[RXJ"k(t)/$j(t)] 
···(1-6) 

The following equation (1-7) is deduced when noting ths imaginary 

part of the above equation (1-6), while the following equation (1-8) is 
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5 

10 

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. 

cpjk + AcpTXj + AcpRXk = Im[loge{RXjk(t)/Sj(t)}] 

= lm[loge{RXjk(t)}] - Im[loge{Sj(t)}], 

(j = 1, 2, .. ·, n), (k = 1, 2, .. ·, n), 

where cl>jk = 0 (when j = k) 

loge[Aik ATXj .ARXk] = Re[loge{RXjk(t)/Sj(t)}] 

= Re[loge{RX;k(t)}] - Re[loge{Sj(t)}], 

(j = 1, 2, · .. , n), (k = 1, 2, .. ·, n), · 

... (1-7) 

where A,1t = 1 (when j = 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, RXik(t) represents an actually measured 

15 received signal and Si(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 Xik 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): 

25 

Yik = cpjk + A<j>TXi + AcpRXk, 

(j = 1, 2, .. ·, n), (k = 1, 2, · · ·, n), 

where cpjk = 0 (when j = k) 

Xjk = loge[A,1t] + loge[ATXj) + loge[ARXk], 

(j = 1, 2~· ···, n), (k = 1, 2, ~··, n), 

where .A,1t = 1 (when j = k) 

'"(1-9) 

"'(1-10) 

The above equation (1-9), simultaneous linear equations consisting of 

n 2 linear equations, is expressed in the following equations (1-11): 

Y 11 = .l\cpTX1 + Acj>RX1 
30 Y12 = cp12+AcpTX1 + AcpRX2 

Ynn = AcpTXn + AcpRXn '"(1-11) 

where "'31t and cpltj 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 eaclt other (where j ;ie 

k). Therefore, the number of unknown variables cj>jk in the simultaneous .. 
linear equations (1-11) is n(n -1)/2, and the number of unknown variables 

5 A<t>TXj and A<t>RXk is 2n (G = l, 2, ···, n), (k = 1, 2, ... , n)). Hence, the sum of 
unknown variables in the above simultaneous linear equations (1-11) is (n2 

+ 3n)/2. 

The above equation (1-10), also simultaneous linear equations 

consisting ofn2 linear equations, is expressed in the following eq~ations (1-
10 12): 

X11 = loge[ATXl] + loge[ARXi] 

X12 = loge[A12] + loge[ATX1] + loge[ARX2] 

Xnn = loge[ATXn] + loge[ARXn] .. '(1-12) 

15 where A.ik and Alg 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 ;ie 

k). Therefore, the number of unknown variables loge[Ajk] in the 

simultaneous linear equations (1-12) is n(n -1)/2, and the number of 

20 unknown variables loge[ATXj) and loge[ATXk] is 2n ((i = 1, 2, ... , n), (k = 1, 2, 

... , n)). Hence, the sum of unknown variables in the above simultaneous 

linear equations (1-12) is also (n2 + 3n)/2. 

In order to solve these simultaneous linear equations, the sum n 2 of 
the equations forming the same must be at least identical to the number (n2 

25 + 3n)/2 of the unknown variables. In other words, n 2 ~. (n2 + 3n)/2 holds 

when n is ~t least 3, and hence the number of the _e_quations 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 

30 linear equations. 

The phase rotation quantities L\cj>TXj and the amplitude fluctuation 

quantities ATXj of the signals resulting from passage through the 

transmission circuits TXj (i = 1, 2, ... , n) and the phase rotation quantities 
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AcpRXj and the amplitude fluctuation quantities ARXj of the signals 
resulting from passage through the receiVing circuits RXi c·an be cal~ated 
in an transmission systems by' solving the above 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 

10 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. 

15 While the natural logarithm of the signal found by dividing the 
measured sl.gnal RXjk(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 

20 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. 

25 For example, it is assumed that the signal {RXjk{t)/Sj(t)} on the right 
side of the equation (1-S) 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 

30 value is expressed as follows: 
A = (!2 + Q2)112 

Assuming that 0 represents the phase value of the input signaI in the 
quadrature detection circuit, this phase value is expressed as follows: 
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0 = Tan·l (Qll) (when Q > O) 

"0 = Tan·l (Q/I) + n (when Q < 0) 
where 0 < Tan·l (Q/I) < n 

Also when employing such a quadrature detection circuit, therefore, 
5 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 
10 with the quadrature detection circuit, the output signal Yjk from the phase 

extraction circuit and the output signal Xjk from the amplitude extraction 
circuit are expressed. as follows: 

Yik = cj>jk + Acj>TXj + &cj>RXk 
Xjk = AjkATXjARXk 

15 Therefore, the received signal can be separated into an equation 

20 

related to the phase and an equation related to the amplitude, and tlie 
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 embodimetlts 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 
25 receiving ciJ.'.cuit regularly change due to external facto1'.s 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. 

30 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 an:tPlitude errors is 

issued at a prescribed timing (or with an external command), for starting. · 
the aforementioned calibration. 

· 5 The microcomputer selects the j-th = first transmission system at a 
step Sl-1, and sets the phase rotation quantity of the phase shifter PS1 of 
. this transmission system to 0 while setting the amplitude fluctuation 
quantity Ai of the attenuator ATT1 to 1(=0 dB) at a step Sl-2. The 
memory 21 outputs the known signal S1(t) corresponding to the first 

10 transmission system. 
Then, the microcomputer sets the variable k to 1 at a step Sl-3, and 

determines whether or not this transmission system corresponds to the k-th 

=first transmission system at a step Sl-4. Since k = j = 1, the 
microcomputer switches the antenna sharer SW 1 to connect the 

15 transmission circuit TX1 and the receiving circuit RX1 of this transmission 
·system with each other at a step Sl-5. 

Then, the microcomputer measures a received signal RXu(t) with the 
received signal measuring unit SM1 of the first transmission system on the 
basis of the above equation (1-1), calculates RX11(t)/S1(t) through the 

20 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 Sl-6. The 
microcomputer extracts the phase component ofRX11(t)/S1(t) along the 
equation (1-9) and stores the same in the memory 21 as Yu, while 
extracting the amplitude component ofRX11(t)/S1(t) along the equation (1-

25 10) and storing the same in the memory 21 as Xu. 
· · Then, the m1crocomputer increments the value k one by one at steps 

Sl-7, Sl-8 andSl-4, and switches the antenna sharer SW1 to connect the 
transmission circuit TX1 and the antenna element ANT1 of this 
transmission system G = 1) with each other at a step Sl-6. 

30 · Then, the microcomputer measures the radio signal transmitted from 
the antenna element ANT1 of the first transmission system with the 
received signal measuring unit SMk. of the k-th transmission system for 
finding RXik(t), calculates the phase component Y lk and the amplitude 
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component X1t ofRX1t(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 Sl-6. 

When determining that k reaches n at the step Si~7, the 
microcomputer increments the value j by 1 at steps Sl-10 and Sl-11 and 

5 repeats.the operations of the aforementioned steps Sl-2 to Sl-9 in the next 
j-th = second transmission system. 

Thus, when the microcomputer determines that j reaches n at the 
step Sl-10, it follows that YJt and Xjt for all combinations of(j = 1, 2, ... , n) 
and (k = 1, 2, ···, n) are calculated and stored in the memory 21. 

10 Then, the microcomputer solves the aforementioned two 
simultaneous linear equations (1-11) and (1-12) with all Yjt and X1x G = l, 2, 

... , n), (k = 1, 2, ···, n) stored in the memory 21 at a step Sl-12 shown in Fig. 
8. 

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

· quantity between the transmission circuit and the ·receivmg circuit of each 
transmission system in the phase shifter PS (previously set to O) and the 
attenuator ATT (previously set to 1) of the corresponding transmission 
system respectively at a step Sl-13. Thus, the micr9computer 

20 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 

25 in Figs. 9 and 10 are ide~tical to the operations shown in Figs. 7 -and 8 
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 

30 fluctuation quantity of the attenuator to 1(=0 dB) at the step Sl-2 in the 
example shown in Fig. 7, the microcomputer performs no such setting but 
measures the current phase rotation quantity 0i of the phase shifter PSj and 
the current amplitude fluctuation quantity Ai of the attenuator ATTj for 

- 27 -



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

While the microccimputer sets the difference in the phase. rotation 
quantity and the ratio of the amplitude fluctuation quantity between the 

5 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 

10 step Sl-13 in the example shown in Fig. 8, the microcomputer reads initial 
values 0j and Aj of the phase shifter and the attenuator measured and 
stored in the memory 21 at the step Sl-2a of Fig. 9 when starting 
calibration and compensates for these initial values 0j and Ai with the 
calculated difference in the phase rotation quantity and the calculated ratio 

15 of the amplitude fluctuation quantity thereby performing calibration at a 
step Sl-13a. 

Fig. 11 is a block diagram showing the structure of a signal 
processing circuit 20 of an adaptive array radio base station according to 
another modification of the first basic structure of the present invention 

20 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 sh~wn in Fig. 11 is identical to 
the first basic structure shown in Fig. 1 except that the attenuator ATTj 
and the amplitude extraction circuit AEj (j = 1, 2, ... , n) are omitted in each 

25 transmission system, and hence the description of Fig. 1 is applied to this 
_modification for omitting description of Fig. 11. 

Fig. 12 is a flow chart of operations of the circuits shown in Fi~. 11 
implemented with a microcomputer in a software manner. This flow chart 
is identical to the operation fl.ow charts of the first basic structure shown in 

30 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. 13 is 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 prese_nt 
invention shown in Fig. 1 for. estimating only the difference in amplitude. 
fluctuation quantity between a transmission circuit and a receiving circuit 

5 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 PSi and the phase extraction circuit PEi (j = 1, 2, ... , n) are omitted in 
each transmission system, and hence the description of Fig. 1 is applied to 
this modification for omitting description of Fig. 13. 

10 Fig. 14 is a flow chart of operations of the circuits shown in Fig. 13 
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 phase component are 
omitted, and hence the description of Figs. 7 and 8 is applied to this flow 

15 chart for omitting description of Fig. 14. 
[Embodiments of First Basic Structure] 
First Embodiment 
Fig. 15 is a block diagram showing a specific circuit ~tructure of a 

signal processing circU:it 20 of an adaptive array radio base station 
20 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 PEj and an amplitude extraction circuit AEi G = 1, 2, ···, n) of each 
transmission system are formed by a single multiplier MPj and a single 

25 signal processing circuit SPj in the first basic structure. 
The multiplier MPi (j = 1, ·2, ···, n) .of each transmission system.· 

operates the equation (1-3) described with reference to Fig. 6. In other 
words, the multiplier MPi ~vides a received signal measured in a received 
signal measuring unit SMi by a known transmitted signal Si(t) of the 

30 transmission system. 
Then, the signal processing circuit SPi (j = 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 SPi 
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calculates the natural logarithm 0£ an output from the corresponding 
multiplier MPj, extracts its imaginary part as Ymj and forms the equation 
(1-9) related to ·the phas·e while extracting the real part as Li aiid forming 
the equation (1-10) related to the amplitude. 

5 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 Sl-6 of Fig. 7 in a step Sl-6d. At the step Sl-6d 

10 shown in Fig. 16, a microcomputer calculates the natural logarithm of 
RXjk(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 
15 Fig. 17 is a block diagram showing a specific circuit structure of a 

signal processing circuit 20 of Eui 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 
20 circuit PEi and an amplitude extraction circuit AEi G = 1, 2, ···, n) of each 

transmission system are formed by a single signal processing circuit SPj 
and two signal subtracters SAJ and SBj in the first basic structure. 

The signal processing circuit SPj G = 1, 2, ···, n) of each transmission 
system calculates the natural logarithm of a received signal measured in a 

25 received signal measuring unit SMj, extracts its imaginary part and 
supplies the same to the subtracter Si\j·while extracting the real part and 
supplying the same to the other subtracter SBj. 

The aforementioned subtracter Si\j subtracts an imaginary part 
Im[loge{S;(t)}] of a value found by calculating the natural logarithm of a · 

30 known transmitted signal S;(t) of the transmission system from the 
imaginary part of the supplied received signal. The other subtracter SBi 
subtracts a real part Re[loge{Sj(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 subtractio~ of the imaginary part found by the 

. subtracter 81\j is extracted as ymj for forming the equation (1-9) related to 
the phase, while the result of the subtraction of the real part found by the 

5 other subtracter SBj is extracted as JCmj 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 

10 real part of the known signal Sj(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 rev~rse 
order of operations. However, the equations (1-9) and (1-10) are finally 

15 found in either case and hence the circuit structure shown in Fig. 17 is 
conceivably equivalent to tlie first basic structure shoWn. in Fig. 1. . 

Fig. 18 is a fl.ow chart illustrating operations of the second 
embodiment shown in Fig. 17 in correspondence to the first ha1f of the 
operations of the first basic structure shown in Fig. 7. In contrast with the 

20 fl.ow chart of Fig. 7, Fig. 18 specifically describes the contents of signal 
processing performed at the step Sl-6 of Fig. 7 in a step Sl-6e. At the step 
Sl-6e shown in Fig. 18, a microcomputer subtracts an imaginary part and a 
real part of a value found by calcul~ting the natural logarithm of Sj(t) from 
an imaginary part and a real part of a value found by calculating the 

25 . natural logarithm of RXjk(t), thereby finding the equations (1-~) 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 

30 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 

- 31-



compared with the remaining embodiments described later. 
[Operation Principle of Second Basic Structure] 
Fig. 19 typically illustrates the mode of transmission/receiving of 

signals in calibration in the adaptive array radio base station according to 
5 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 PSj of 
10 the j-th transmission system, for example, is set to 0 and the amplitude 

fluctuation quantity A.i of the attenuator ATTj 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 

15 the same as a radio signal through the phase shifter PSj, the attenuator 
ATTh the transmitted signal output unit S<lj, the transm1ssion circuit T~; 
the antenna sharer SWj and the antenna element ANTj of this transmission 
system. 

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

antenna element ANTt and the receiving circuit RXt of the k-th 
transmission system, and measured by the received signal measuring unit 
SMk as a received signal JtXjk(t). 

In the adaptive array radio base station according to the second basic 
25 structure shown in Fig. 19, the antenna sharer SW is not switched to 

comiect.the transmission circuit TX and the recei~g circuit RX with .each 
other in the corresponding transmission system, dissimilarly to the 
adaptive array radio base station according to the first basic structure 
shown in Fig. 6. 

30 The following equation (1-13) expresses the signal RXik(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 RX;k(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 sWi.tchirig the. transmission system . 

· transmitting the signal from the first to n~th transmission systems: · 
RXjk(t) = Aik ATXi ARXk exp{i(<{>jk + L\.<{>TXi + A<{>RXk)} Si(t) + njk(t) 

5 (k = 1, 2, ···, n) 
where k ;ae j ... (1-13) 

RXjk(t) = i\ik ATXi ARXk exp{i(cpjk + L\.cpTI{a + L\.cpRXk)}Sj(t) + njk(t) 
(i = 1, 2, ... , n), (k. = 1, 2, .. ·, n) 

where j ;ae k ··-(1-14) 

10 Both sides of the above equation (1-14) are divided by the known 
signal Sj(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): 

. A.ik ATXj ARXk exp{i{cpjk + L\.<{>TXj + L\.<{>RXk)} + njk(t)/Sj(t) = RXjk{t)/Sj(t) 
15 '"(1-i5) 

loge[Aik ATXj ARXkexp{i(<{>jk + L\.cj>TI{a + Acj>RXk)} + lljk(t)/Si(t)] 
= loge[RXjk(t)/Sj(t)] '"(1-16) 

The left side of the equation (1-16) is expressed as loge[v + w], where 
AikATXjARXkexp{i(<{>jk + L\.cpTXj + L\.<{>RXk)} = vnjk(t)/Sj(t) = w 

20 Assuming that the signal power-to-noise power ratio (S-N ratio) is 
sufficiently excellent, vis 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 

25 ignorable ·since it is assumed that the S-N ratio is sufficiently excellent 
(lw/vl << 1) as described above. 

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

loge[v + w]=loga[v] + w/v - (w/v)2/2 + (w/v)S/3 -··· ··-(1-17) 

30 loga[Aik ATX; ARXk] + i(cpjk + L\.<{>TX; + L\.cpRXk) = loge[RX;k(t)/S;(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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5 

deduced when noting the real part. 
cpjk + Acp.TXj + AcpRXk = lm[l.oge{RXjk(t)/Sj(t)}]. 

= Im[l.oge{RXjk(t)}] - Im[l.oge{8.i(t)}]. 

(j = 1, 2, · · ·, n), (k = 1, 2, · .. , n), 

wherej ;ie k 
loge~.Aik ATXj ARXk] = Re[loge{RXjk(t)/8.i(t)}] 

= Re[loge{RXjk(t)}] - Re[loge{8.i(t)}]. 

(j = 1, 2, · · ·• n). (k = 1, 2, · · ·, n), 
where j ;ie k ···(1-20) 

10 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, RX;k(t) represents an actually measured 
received signal and Si(t) represents a known signal. Therefore, the values 

15 of the right sides of the equations (1-19) and (1-20) can be readily found by 

calculation. 
Assuming that Yjk and Xjk 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: 

20 Yjk = cpjk + AcpTXj + AcpRXk, (j = 1, 2, · · ·, n), (k = 1, 2, · · ·, n), 
where j ;ie k ·"(1-21) 

Xjt = loge[.Ajk] + loge[ATX;] + loge[ARXk], 
(j = 1, 2, .. ·, n), (k = 1, 2, .. ·, n), 

where j ;ie k · · ·(1-22) 

25 When substituting Yjk - YJQ = Zix in. the equation (1-21) as to the . 
phase information obtained in the aforementioned manner, the following · .. 

equation (1-23) is found. When substituting X;k - X°kj =Vik in the equation 

(1-22) as to the obtained amplitude information, the following equation (1-

24) is found: 

30 Zjk = (cli;k - <j>kj) + (AcpRXk - AcpTXk) - (A<j>RXj - AcpTXj), 

(j=l,2, "·,n-1), (k=j+I,j+2, .. ·,n) 
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Vjk = 0.oge[Aik] - loge[Ak;]) + 0.oge[ARXk] - loge[ATXk]) 
~ O.oge[ARXi] - loge[ATXi)), · 
(j=l,2, ···,n-1), (k=j+l,j+2, '",n). ···(1-24). 

· where cpjk and cp]tj represent the phase rotation quantities of signals 
5 propagating in opposite directions while passing through the same circuit 

and propagation path, the values of which match with each other (where j WI! 

k). Hence, the following equation (1-25) holds. 
On .the other hand, loge[AikJ and loge[AJQ] represent the amplitude 

fluctuation quantities of signals propagating in opposite directions while 
10 passing through the same circuit and propagation path, the values of which 

match with each other (where j ~ k). Hence, the following equation (1-26) 
holds: 

15 

<l>jk= <l>ltj, (j = 1, 2, ... , n), (k = 1, 2, ... , n), 
where j ;ia k ···(1-25) 

loge[Aik] = loge[Alcj], (j = 1, 2," .. ·, n), (k = 1, 2, · • ·, n), 
· where j ~ k .. ·(1-26) · 

Assuming that Acfj 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-

20 th transmission system, this difference is expressed in the following 
equation (1-27), and assuming that Mj 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 

25 expressed in the following equation (1-28): 
· Acfi= A<1>Rxj~ ii<1>Txj~ (i = 1; 2, .·~·, n) ···<1-27)-
AA.i = loge[ARXj] - loge[ATXj), (j = 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: · 

30 Zilc= Acpk- Acpj, (j = 1, 2, ... , n-1), (k = j+l, j+2, ... , n) " 0 (1-29) 
This equation, sim. ultaneous equations having n unknown variables 

and n(n - 1)/2 independent linear equations, is expressed as follows: 
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Zi2 = L\<j>2 - L\<j>i 

Zia = L\<j>s - L\cjli 

Zn-in= L\cpn - L\cpn-i .. ·(1-30) 
5 When substituting the equations (1-26) and (1-28) in the above 

equation (1-24), the following equation (1-31) is found: 
Vjk= AAk- L\A.j, (i = 1, 2, ··-, n-1), (k = j+l, j+2, .. ., n) ···(1-31) 
This equation, also simultaneous equations having n unknown 

variables and n(n - 1)/2 independent linear equations, is expressed as 
10 follo~s: 

Vi2= M2-AAi 

Via= /l&-llAt 

Vn-in= L\An- L\An-i "'(1-32} 
15 In order to solve these simultaneous linear equations, the sum n(n - . 

1)/~ 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 ~ 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-

20 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 L\cjlj G = 1, 2, .. ., n) between the phase rotation 
quantities of the signals passing through the transmission circuits and the 

25 receiving circ~ts and the difference~ ~Aj (j = 1, 2, ... ., n) between the 
amplitude fluctuation quantities thereof can be. caiculated in ·all 
transmission systems by solving the simultaneous linear equations (1-31) 
and(l-32). 

The differences in a phase rotation quantity and in an amplitude · 
30 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 

- 36 -



transmission circuit of each transmission system estimated by the 
aforeme11:tioned calculation to the phase_ shifter of the transmission· system 
·while supplying information on the di.:fference between the amplitude 
fluctuation quantities of the receiving circuit and the transmission circuit 

5 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 

10 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 
15 step 82-1, and $ets the phase rotation quantity of the phase shifter PS1 of 

this transmission system to 0 and the amplitude fluctuation quantity Ai of 
the attenuator ATT1to1(=0 dB) at a step 82-2. The memory 21 outputs 
the known signal 81(t) corresponding to the first transmission system. 

Then, the microcomputer sets the variable k to 1 at a step 82-3, and 
20 determines whether or not this transmission system corresponds to the k-th 

= first transmission system at a step 82-4. Since k = j = 1, the 
microcomputer performs no processing but increments the value k by 1 at 
steps 82-6 and 82-7. When determining k ;o! j at the step 82-4, the 
microcomputer measures the radio signal transmitted from the antenna 

25 element ANT1 of the first transmission system with the received signal 
measuring µmt SMt of the k-th transmission· system, finds RXUt(t), 
calculates the phase component Y1t and the amplitude component Xlk of 
RX1]JS1(t) along the equations (1-13) to (1-22) as described above and stores 
the same in the memory 21. 

30 When determining that k reaches n at the step 82-6, the 
microcomputer increments the value j by 1 at steps 82-8 and 82-9 and 
repeats the aforementioned operations through the steps 82-2 to 82-7 for 
the next transmission system j = 2. 
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Thus, when the microcomputer determines that j reaches n at the 
step 82-8, it follows that Yik and Xjk for all combinations of G = 1, 2, ... , n) · 
and (k = 1, 2, "'; n), where j ;ii! k, are calculated and stored in the memory 21. 

Then, the microcomputer sets j to 1 at a step 82-10 shown in Fig. 21, 
5 sets k to j + 1 at a step 82-11, calculates Zjk = Yik - Ykj and Vjk = Xjk- M.i as 

described above and stores the results in the memory 21. The 
microcomputer calculates Zjk and Vjk while incrementing k one by one 
through steps 82-13 and 82-14, increments j one by one through steps 82-
15 and 82-16 when determining that k reaches n at the step 82-13, and 

10 reJ>eats the aforementioned calculation of Z!'k and Vjk. When the 
microcomputer determines that j reaches n - 1 at the step 82-15, it follows 
that Yj'k and Vik for all combinations of (j = 1, 2, ···, n) and (k = 1, 2, ···, n), 
where j ;ii! k, are calculated and stored in the memory 21. 

Then, the microcomputer solves the above simultaneous linear 
15 equations (1-30) and.(1-32) with all Zi11: and Vjk G = 1, 2, ···, n), (k = l, 2, ···, 

n), where j ;ii! k, stored in the memory 21 at a step 82-17. 
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 

20 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. 

25 Figs. 22 and 23 are flow charts showing a modification of th~ . 
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. 

30 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 82-2 in the 
example shown in Fig. 20, the microcomputer performs no such setting but 
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measures the current phase rotation quantity 0j of the phase shifter PSi and 
the current amplitude fluctuation quantity Ai of the attenuator ATTi and 
stores the same in the memory 21 respectively at a step S2-2a in the 
example shown in Fig. 22. 

5 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 

10 · thereby performing calibration for compensating for the aforementioned 
differences at the step 82-18 in the example shown in Fig. 21, the 
microcomputer reads initial values 8j and Ai 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 0j and Al with 

15 the calculated difference in the phase rotation quantity and the calculated 
difference in the amplitude fluctuation q~antity thereby performing 
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 circUi.t 20 of an adaptive array radio base station according to 

20 still another modification of the second basic structure of the present 
invention shown in Fig. 3 for estimating only the difference between phase 
1'.otation 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 ATTi 

25 and the amplitude extraction cii'.cuit .AEj (j = 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. 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· 

30 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 modi.:6.cation ·of the second basic structure of the present invention 
shown in Fig. 3 for estimating only the difference between amplitude 

5 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 struct'Ure shown in Fig. 3 except that the phase 
shifter PSj and the phase extraction circuit PEj (j = 1, 2, ···, n) are omitted in 
each transmission system, and hence the description of Fig. 3 is applied to 

10 this modili.cation 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 

.15 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 showirig a specific circuit s~cture of a 

20 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 PEj and an amplitude extracti<?n circuit AEj (j = 1, 2, ... , n) of each 

25 transmission system are formed by a sjn,gle multiplier MPj and a single 
signal processing circuit SPj in the second basic. structure. 

The multiplier MPi (j = 1, 2, ... , n) of each transmission system. 
operates the equation (1-15) described with reference to Fig. 19. In other 
words, the multiplier MPj divides a received signal measured in a received 

30 signal measuring unit SMj by a known transmitted signal Sj(t) of the 
transmission system. 

Then, the signal processing circuit SPj ·o = 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 SPj 
calculates the natural logarithm of an output from the corresponding 
multiplier MPj, extracts its imaginary part as Ymj and forms the equation. 
(1-21) related to the phase while extracting the real part as Xm.i and forming 

5 the equation (1-22) related to the amplitude. 
Fig. 31 is a flow chart illustrating 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 

10 processing performed at the step 82-5 of Fig. 20 in a step S2-6d. At the 
step S2-6d shown in Fig. 31, a microcomputer calculates the natural 
logarithm of RXjk(t)/Sj(t) and extracts its imaginary and real parts, thereby 
findiilg the equations (1-21) and (1-22) of the phase component and the 
amplitude component. 

15 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. 

20 In contrast with the circuit structure of Fig. 3, a phase extraction 
circuit PEj and an amplitude extraction circuit AEj G = 1, 2, ···, n) of each 
transmission system are formed by a single signal processing circuit SPj 
and two signal subtracters SA.i and SBj in the second basic structure. 

The signal processing circuit SPj (j = 1, 2, ... , n) of each transmission 
25 syst~m calculates th~ natural logarithm of a received signal measured in a 

received signal. measuring unit SMj, extracts its imaginary part and 
supplies the same to the subtracter SA.i while extracting the real Part and 
supplying the same to the other subtracter SBj. 

The aforementioned subtracter SAj subtracts an imaginary part · 
30 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,{$j(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 signal. 

·· The result of the subtraction of the imaginary part obtained by the 
subtracter SAj is extracted as Ymj for forming the equation (1-21) related to 

5 the phase, while the result of the subtraction of the real part obtained by 
the other subtracter SBi is extracted as Xm.i 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 $e received signal are 

10 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 part and the real part in reverse 

15 order of operations. However, the equations (1-21) and (1-22) are finally 
· found Di 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 haJf of the 
20 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 ofsignal 
processing performed at the step 82-5 of Fig. 20 in a step S2-5e. At the 
step S2-5e shown in Fig. 33, a microcomputer ~ubtracts an imaginary part 
and a real part of a value found by calculating the natural logarithm of Sj(t) 

25 · from an imaginary part and a real part of a value found by calculatin~ the 
natural logarithm of RXik(t) respectively, thereby finding the equations {l-
21) and (1-22) of the phase component and the amplitude component 
respectively. 

The third and fourth embodiments also have been described on the 
30 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 .. 

5 [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 

10 embodiment of the first structure of the present invention shown iii 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 0j of a phase shifter PSj of a 
j-th (j = 1, 2, ···, n) transmission system is set to 0 and an amplitude 

15 fluctuation quantity Ai of an attenuator ATTj is set to 1 (= 0 dB). A known 
signal Si(t) corresponding to the j-th transmission system is read from a· · 
memory 21 and transmitted through an antenna element ANTj. 

The transmitted signal is received in antenna elements ANTk (k = 1, 
2, ... , n, where j ;i1 k) of all transmission systems excluding the j-th 

20 transmission system, and measured by a received signal measuring unit 
SMk of each transmission system as a received signal R;k(t). 

An antenna sharer swj of the j-th transmission system is so switched 
as to connect a transmission circuit TXj with a receiving circuit RXJ of this 
transmission system, so that a received signal measuring unit SMi of the 

25 transmission system itself measures the transmitted signal from this 
transmission circuit TXj as a received sig1:J.al RX»(t). 

The signal RXjk(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· 

30 shown in Fig. 6, while the signal RXjk(t) received and measured in each of 
the first to ri-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 equa~ion (1-2). In these 

- 43 -



equations, njk(t) represents noise. 

When dividing both sides of the equation (1-2) by the known signal 
Si(t) in a multiplier MPi of each transmission system and transposmg the. 

term including noise :from the left side to the right side, the following 
5 · 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 
~quation (2-2) is found: 

10 
i\ik ATX; ARXk exp{i(<j>jk + AcpTXi + AcpRL)} 

= RXjk(t)/Sj(t) - njk{t)/$j(t) 

AJk ATXi ARXkexp{i(cpjk + AcpTXi + Acj>RL)} 

= Ave[RXjk(t)/8.i(t)] - Ave[njk{t)/Sj(t)] 

···(2-1) 

···(2-2) 

In the above equation, Ave[·] represents time averaging of[']. 

Ave[njk{t)/8.i(t)] = 0 due to the properties of the noise, and hence the 

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

the signal processing circUi.t SPi 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: 
20 

25 

loge[i\,;k ATXj ARXk] + i(cpjk + AyTXj + Acj>RXk) 
= loge[Ave[RXjk(t)/Sj(t)]] 

<l>jk + A<l>TXj + Acj>RXk = lm[loge[Ave[RXjk(t)/8.i(t)]]], 
G=l,2, ··-,n), (k=l,2, ···,n), 
where <l>jk = 0 (when j = k) 

· loge[Ajk ATX; ARXk] = Re[loge[~velRXJ"k(t)/S;(t)]]], 
G = 1, 2, · · ·, n), (k = 1, 2, · ·-, n), 

···(2-3) 

···(2-4) 

where i\,;k = 1 (when j = 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 

30 of calculation are stored in the memory 21. · 

Assuming that Yik and X;k 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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5 

Y;k = c!>J'k + Ac!JTX; + Ac!JRXk, 
(j = 1, 2, .. ., n), (k = 1, 2, .. ·., n), 

where <;jk = O (when j = k) 

X;k = loge[i\ak] + lOge[ATXj] + loge[ARXk], 
(j = 1, 2, ··-, n}, ·(k = 1, 2, ... , n), 

where A;k = 1 (when j = k) 

···(2-6) 

"'(2-7) 

Subsequent processing is identical to the processing described with 
reference to Fig. 6, and the phase rotation quantity AcpTX; and the 

amplitude fluctuation quantity ATX; of the signal resulting from passage 

10 through the transmission circuit TX; (j = 1, 2, ... , n) and the phase rotation 

quantity AcpRX; and the amplitude :fluctuation quantity ARX; of the signal 

resulting from passage through the receiving circuit RXi can be calculated 

in all transmission systems by solving the above simultaneous linear 

equations (2-6) and (2-7) with the values Y;k and X;k stored in the memory 

15 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 
· 20 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 
25 embodiment shown in Fig. 16. The flow chart shown in Fig. 35 is. different 

from that of:Fig.16 in a·p~int that time averaging expressed as Ave[·] is 
added in a step Sl-6f. At the step Sl-6f shown in Fig. 35, imaginary and 

real parts of loge[Ave{RX;k(t)/S;(t)}] are extracted thereby finding the 

equations (2-6) and (2-7) of the phase component and the amplitude 
30 component respectively. 

Fig. 36 is a flow chart showing the calculation routine at the step Sl-

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 RX;k(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 logarithm thereof is calculated for.· 
extracting an imaginary part Yik and ·a real part Xjk. 

The remaining processing excluding the step Sl-6fis identical to 
5 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 

10 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. 

15 Sixth and Seventh Embodiments 
Fig.· 37 is a block diagram showing a specific circuit 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 

20 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 
Sj(t) for calculating natural logarithms and performing Taflor expansion 
without time averaging, dissimilarly to the fifth embodiment. When the S-

25 N ratio is not much ex_cellent, the result of Taylor expansion is expressed in 
: the following 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 

30 remaining terms are constant with respect to time, and hence the following 
equations (2-9) and (2-10) are found: 
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5 

10 

loge[A.ik ATXj ARXk] + i(cpjk + AcpTXj + AcpRXk) 
· · + njk(t)/[l\Jk ATXi ARXk exp 

{i(cpjk + A<t>TXi + A<t>RXk)} $j(t)] = loge[RXjk(t)/Sj(t)] 

<jljk + A<t>TXi + A<PRXk = Ave[Im[loge[RXjk(t)/$j(t)]]], 
(j = 1, 2, · · ·, n), (k = 1, 2, .. ·, n), 

where cj>jk = 0 (when j = k) 
loge[A.ik ATXi ARXk] = Ave[Re[loge[RXjk(t)/Sj(t)]]], 

(j = 1, 2, .. ., n), (k = 1, 2, ··-, n), 

···(2-8). 

···(2-9) 

where Al"k = 1 (when j = k) "·(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 'Yj"k and Xik represent the values of the right sides of 

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

15 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 

20 shown in Fig. 38, the signal processing circuit SPj in the first embodiment 
of the present invention shown in Fig. 15 is replaced with a logarithm 
calculation circuit LCj, a time averaging circuit TAi and an I/Q separation 
circuit IQ. 

A multiplier MPj divides both sides of the above equation (1-2) by a · 
25 known signal Sj(t) and the logarithm calculation circuit LCj calculates the 

nat~al logarithins of both sides for performing Taylor expa.nSioil. · . 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 TAJ 
30 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 njk(t) reaches 0 due to time averaging, and hence the following 
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 

5 following equations (2-12) and (2-13) are found: 
loge[Aik ATXj ARXk] + i(cpjk + Acj>TXj + Acj>RXk) 

= Ave[loge[RXjk(t)/S;(t)]] ···(2-11) 

<Pik + AcpTXi + AcpRXk = lm[Ave[loge[RXjk(t)/Si(t)]]], 
G = 1, 2, .. ·, n), (k = 1, 2, .. ·, n), 

10 where cpjk = 0 (when j = k) "
0 (2-12) 

loge[Aik ATXj ARXk] = Re[Ave[loge[RXik(t)/Sj(t)]]], 
G = 1, 2, .. ·, n), (k = 1, 2, .. ·, n}, 

where Aik = 1 (when j = k) " 0 (2-13) 
The right sides of the equations (2-12) and (2-13) can be found by 

15 measurement and calculation for each .transmission system, and the results 
. of calculation are entirely stored in a memory 21. 

Assuming that Yjk and Xik represent the values of the right sides 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 

20 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 38, in correspondence to 
the operations of the first embodiment shown in Fig. 16. 

25 Fig. 40 is a flow chart showing a calcW.ation routine of the $ixth 
einbodiment·correspoiiding to a step Sl-6g of th~ flow chart in Fig. 39, and 
Fig. 41 is a flow chart showing a calculation routine of the seventh 
embodiment corresponding to the step Sl-6g of the flow chart in Fig. 39. 

According to the sixth embodiment, imaginary and real parts of · 
30 loge{RXjk(t)/S;(t)} are separated and thereafter time averaging is performed · 

for obtaining a phase component Yj1t and an amplitude component Xjk at the 
step Sl-6g. 

More specifically, Yjk and Xjk are set to 0 in the flow chart shown in 
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Fig. 40, and the imaginary and real parts of {R.Xik(t)/Si(t)} are accumulated 
up to a time T. The result of accumulation is divided by T for calculating 
time averages Yjk/T and XiklT and outputtin.g the same as a phase 
component Y;k and an amplitude component Xjk. Except the step Sl-6g, 

5 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, loge{RXik(t)/Si(t)} is subjected 
to time averaging for thereafter separating imaginary and real parts and 
obtaining a phase component Yik and an amplitude component x.ix at the 

10 step Sl-6g. 
More specifically, ·a temporary variable Tmp is set to 0 in the flow 

chart shown in Fig. 41, and loge{RXik(t)/S;(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 

15 and as an amplitude component Xjk respectively .. Except the step Sl-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 

20 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 

25 parts and time-averaged in a final stage. . . 
Fig. 43 is a block diagram showing a specific circuit structure of a 

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 Sj(t) is performed not on a 

30 measured received signal RXi(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. 44 is a flow 

chart showing a calculation routine of the eighth embodiment 

corresponding to the step S1~6g fu the flow chart of Fig. 39, and Fig. 45 iS a 

flow chart showing a calculation routine of the niiith embodiment 

5 corresponding to the step Sl-6g in the flow chart of Fig. 39. · 

According to the eighth embodiment, imaginary and real parts of 
loge{RXjt(t)} are separated and thereafter time averaging is performed for 

thereafter subtracting average values of the imaginary and real parts of 

loge{Sj(t)} stored in a memory 21 respectively and obtaining a phase 

10 component Yjk and an amplitude component Xit at the step Sl-6g. 

More specifically, Yik and Xik are set to 0 in the flow chart shown in 

Fig. 44, and the imaginary and real parts of loge{RXjt(t)} are accumulated 

up to a time T. The result of accumulation is divided by T for calculating 

time averages "¥jiff and Xiifr, subtracting the average values of the 

15 imaginary f,llld real parts ofloge{Sj(t)} stored in the memory 21 therefrom 

respectively and outputting the results as a phase component Yit and an 
amplitude component Xjk. Except the step S 1-6g, the remaining p~ocessing 

of the eighth embodiment is identical to the processing of the first 

embodiment shown in Fig. 16. 

20 According to the ninth embodiment, loge{RXjk(t)} is subjected to time 

averaging and separated into imaginary and real parts for thereafter 

subtracting imaginary and real parts of average values of loge{Sj(t)} stored 
in a memory ·21 respectively and obtaining a phase component Yjk and an 

amplitude component Xjk at the step Sl-6g. 

25 More specifically, a temporary variable Tmp is set to 0 in the_ fl.ow . 

chart s~oWn. in Fig. 45, and loge{RXjk{t)} is accumulated up to a time T .. 
The result of accumulation is divided by T for calculating a time average 

Tmpfr, subtracting the imaginary and real parts of the average values of 

loge{Sj(t)} stored in the memory 21 therefrom respectively and obtaining· a 

30 phase component Ylx and an amplitude component X;k. 

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 circui,t 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 difference and the amplitude fluctuation quantity of each · 
transmission system can be excellently estimated. 

5 [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 iJ?- Fig. 46, time averaging circuits are added to the 

10 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 8j of a phase shifter PSj of a 
j-th (j = 1, 2, ···, n) transmission system is set to 0 and an amplitude 

15 fluctuation quantity AJ of an attenuator ATTi is set to 1 (= 0 dB). A known 
signal Sj(t) corresponding to the j-th transmission system is read"from a 
memory 21 and transmitted through an antenna element ANTj. 

The transmitted signal is received in antenna elements ANTk (k = 1, 
2, ... , n, where j id k) of all transmission systems excluding the j-th 

20 transmission system, and measured by a received signal measuring unit 
SMk of each transmission system as a received signal Rjk(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. 

25 The _signal Rik(t) transmitted from the j-th transmission system and 
received and measured in the k-th transmission system is ex.pressed in the 
equation (1-13) described above with reference to the second basic structure 
shown in Fig. 19, while the signal.Rik(t) received and measured in each of 
the first to n-th transmission systems excluding the transmission ·system 

30 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, 
njk(t) represents noise. 
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When dividing both sides of the equation (1-14) by the known signal 
Sj(t) in a multiplier MPj of each transmission system and transposing the 

terin 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 

5 the equation (2-1) with a time averaging circuit Ti\ 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[n;k(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 

10 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: 

15 

<j>jk + L\<j>TXj + L\<j>RXk = Im[loge[Ave[RXjk{t)/Sj{t)]]], 

(j = 1, 2, · · ·, n), (k = 1, 2, · · ·, n), 
where j ..e k · 

loge[i\ik ATX; AR.Xk] = Re[loge[Ave[RXjk{t)/S;(t) ]]], 

(j = 1, 2, · · ·, n), (k = 1, 2, · · ·, n), 

···(2-i4) 

where j ..e k ···(2-15) 

20 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 °Yjk and Xjk represent the values of the right sides of 

the equations (2-14) and (2-15) respectively, these values are expressed in 
25 the following equations (2-16) and (2-17) respectively: 

30 

Yi:k = cl>jk + L\cl>TXj + L\cl>liXk, (j =. 1, 2, · · ·, n), (k = 1, 2, · · ·, n}, · 
wherej ..e k 

X;k = loge[l\"k] + loge[ATX;] + loge[ARXk], · 

(j = 1, 2, · · ·, n), (k = 1, 2, .. ·, n), 

"
0 (2-16) 

where j ..e k ···(2-17) 

When substituting Y;k - YIQ = Zik 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 Xik -:-
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5 

Mi = Vik in the equation (2-17) as to the obtained amplitude information, 
the following equation (2-19) is found: 

Zjk = Yjk - Yk;i = A<j>k - A<jlj, (j ::::: 1, 2, · · ·, n-1), (k = j+ 1, j+2, · .. , n) 
... (2-18) 

Vjk= Xjk- Mi= AAk-Al\, (j = 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<j>j in the phase rotation quantity 

and the difference Al\ in the amplitude fluctuation quantity between the 

10 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 Yjk and X,x 
stored in the memory 21 if the number n of the transmission systems is at 
least 3. 

15 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 ~anner to the phase shifter of the transmission system 
20 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. 4 7 is 
25 different from that of;Fig. 31 in a point that ti.me 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 loge[Ave{RXjk(t)/Sj(t)}] are extracted thereby 
:finding the equations (2-18) and (2-19) of the phase component and the 

amplitude component respectively. 
30 The calculation routine at the step S2-5fis identical to the 

calculation routine shown in Fig. 36 described with reference to the fifth 
e_mbodiment, 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 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 

5 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 

10 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. 

15 Both sides of the· above equation (1-2) are divided by a known signal 
Si(t) for calculating natural logarithms and performing Taylor exi)ansion 
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 

20 imaginary parts and real parts from both sides of the equation (2-8) and 
perfor;ming 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: 

~jk+ A~TXi + A.cj>RXi = Ave[Im[loge[RXjk(t)/Sj(t)]]] 
(j = 1, 2, ... , n), . (k = 1, 2, ··-, n), 

wherej ¢ k 
loge[,Ajk ATXj .ARXk] = Ave[Re[loge[RXjk(t)/Sj(t)]]], 

(j = 1, 2, · · ·, n), (k = 1, 2, · · ·, n), 

···(2-20) 

where j ¢ k ···(2-21) 

30 · 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 Y;k and Xjk represent the values of the right sides of 
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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 processing is identical to the processing described with 

reference to Fig. 46. 

5 Fig. 49 is a block diagram showing a speci.6.c circuit structure of a 

twelfth embodiment of the present invention. In the twelfth embodiment 
shown in Fig. 49, the signal processing circuit SPj in the third embodiment 
of the second basic structure of the present invention shown in Fig. 30 is 
replaced with a logarithm calculation circuit LCj, a time averaging circuit 

10 TAi and an I/Q separation circuit IQ;. 
A multiplier MPj divides both sides of the above equation (1-2) by a 

known signal S;(t) and the logarithm calculation circuit LCj 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 

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

According to the twelfth embodiment, the time averaging circuit TAJ 
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 

20 equation (2-8) are constants with respect to time and the term including a 
noise component n;k(t) reaches 0 due to time averaging, and hence the 

above equation (2-11) is found. 
When the I/Q separation circuit IQ separately extracts the 

imaginary and real parts from both sides of the equation (2-11), the 

25 following equations (2-22) and (2-23) are found: 

30 

<j>jk + A<\>T:Ka + A<\>RXj = Im[Ave[logelRXjk(t)/Sj(t)]]] 
(j = 1, 2, · · ·, n}, (k = 1, 2, · · ·, n), 

wherej .-k 

loge[A.ik ATX; ARXk] = Re[Ave[loge[RX,'k(t)/Sj(t)]]], 

(j = 1, 2, ···, n), (k = l, 2, .. ., n), 

'"(2-22) 

where j .- 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 th8:t Yjk and Xjk represent the values. of the right sid~s 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 

5 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. 

10 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 

15 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 

20 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. 
25 The thirteenth embodiment shown in Fig. 51 is different from the 

eleventh embodiment sho~ in Fig. 48 merely hi a point that division by a 
known signal Sj(t) is performed not on a measured received signal ~k(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. 

30 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 Sj(t) is 
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performed not on a measured received signal RXjk(t) but on a received 
signal subjected to c~culation·ofthe natural.logarithm, time-averaged and 
separated into imaginary and real parts in a final stage. 

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

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

· 10 A calculation routine at the step S2-5g of the fourteenth embodiment 
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 
15 hereinabove described, an error in estimation of the information on the 

phase difference and the amplitude fluctuation quantity c·aused by 
influence of noise can be suppressed even if the received signal has ~ 
inferior S-N ratio by providing a time averaging circuit on each 
transmission system. 

20 [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 MPj of each transmission 

. 25 system in the first embodiment of the first.basic structµre of the present 
invention shown in F~.15 is replaced with a· c9rrelator CRj 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 0.i of a phase shifter PSj of a 
30 j-th (j = 1, 2, ... , n) transmission system is set to 0 and an amplitude. 

:fluctuation quantity Ai of an attenuator ATTj is set to 1 (= 0 dB). A known 
signal 8.i(t) corresponding to the j-th transmission system is read from a 
memory 21, and transmitte.d through an antenna element ANTj. 

- 57 -



The transmitted radio signal is received in an antenna element ANTk 
(k = 1, 2, ... , n, where j .,e 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). 

5 An antenna sharer swj of the j-th transmission system is switched to 
connect a transmission circuit TXi to a receiving circuit RXi of this 
transmission system, so that a received signal measuring unit SMi of the 
transmission system itself measures a transmitted signal from this 
transmission circuit TXi as a received signal RXjj(t). 

10 The followiiig equation (3-1) expresses a signal RXjk(t) transmitted 
from each of the transmission systems sequentially switched from the first 
ton-th translnission systems and received and measured in all of the first 
ton-th transmission systems: 

RXjk(t) = Aik ATXi .ARXk exp 
15 {i(<j>jk + A<j>T}{,j + A<j>RXk)} Sj(t) + lik(t) + Dik(t), 

(j = l, 2, ... , n), (k = 1, 2, .. ·, n), 

where A.ix= 1 and cl>ik = 0 (when j = k) ·· ·(3-1) 
In this equation, Iik(t) represents a composite signal of all 

interference signals included in the received signals. The interference 
20 signals include the radio signal from another user and the like described 

with reference to the prior art. 

Then, a cross-correlation value CSik of the received signal RXik(t) and 
the known signal Si(t) of the corresponding transmission system is 
calculated. The cross-correlation value CSjk, found by adding results of 

25 multiplication of two signals expressing functions of time t on. a common 
· ·time axis _and time~averaging the sum, is ~Xi>ressed· D;L the following 

equation (3-2). Calculation of this equation (3-2) results in the follo~g 
equation (3-3): 

CSik = <R}{,jk(t) · Si(t)> · · ·(3-2) · 
30 CSik = ~k ATXi ARXt exp{i(<l>ik + A<!>TXi + Acj>RXk)} 

<Si(t)'Si(t)> + <Iik(t)·Si(t)> + <njk(t)·Si(t)>, 
(j = 1, 2, .. ·, n), (k = l,_ 2, .. ·, n), 

where .A,,1c = 1 and cpjk = 0 (when j = k) 
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5 

A transmitted signal is not correlated with the interference signal 

an:d 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 Sik(t), the interference signal ljk(t) and 

a noise component Djk(t): 

<Sj(t)· Sj(t)> = 1 

<ljk(t) · Sj(t)> = 0 

<njk(t). Sj(t)> = 0 

···(3-4) 

.. '(3-5) 

···(3-6) 

Therefore, the following equation (3-7) is found by substituting these 

10 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): 

15 

20 

CSjk = Aik ATXj ARXk exp{i(cj>jk + Acj>TXj + Acj>RXk)}, 

G = 1, 2, · · ·, n), (k = 1, 2, · .. , n), 

where Aik = 1 and cj>jk = 0 (when j = k) 

loge[Aik ATXj Aa.Xk] + i(cj>jk + Act>TXj + AcpRXk) = loge[CSik] 

"·(3-7) 

"
0 (3-8) 

The following equation (3-9) is deduced when n:oting the iillaginary 

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

lj>jk+ A<j>TXi+ Acj>RXk= Im[loge[CSik]] 

G = 1, 2, · ·" n), (k = 1, 2, ... ·, n), 

where cj>jk = 0 (when j = k) 

loge[Aik ATXj ARXk] = Re[loge[CSjk]), 
G = 1, 2, .. ., n), (k = 1, 2, .. ., n), 

000(3-9) 

where i\x = 1 (when j = k) 00 ·(3-10) 

25 The right sides 9fthe equations. (3-9) and. (3-.10) can be found by 

me.asurement and .. calculation.in each transmission ·system, and the ·results . 

of calculation are stored in a memory 21. 

Assuming that Yjk and Xjk represent the values of the right sides of 

the equations (3-9) and (3-10) respectively, these values are expressed iii. 
30 the following equations (3-11) and (3-12) respectively: 

Yjt=cj>jk+Acj>TXj+Acj>RXk, G=l, 2, .. ., n), {k=l, 2, ... , n), 

where ct>jk = 0 (when j = k) ···(3-11) 
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Xjr=loge[.A,;k]+loge[ATXj]+loge[ARXk], 
(j=l, 2, · · ·, n)~ (k=l, 2, · · ·, n) , 

·where Ajk = 1 (when j = k) 
Subsequent processing is identical to the processing described with 

· 5 reference to Fig. 6, and the phase rotation quantity A<j>TXj and the 
amplitude fluctuation quantity ATXj of the signal resulting from passage 
through the transmission circuit TXj and the phase rotation quantity A<j>R.Xj 
and the amplitude fluctuation quantity AR:Kj of the signal resulting from 
passage through the receiving circuit~ can be c·alculated in all 

10 . transmission systems by solving the above simultaneous linear equations 
(3-11) and (3-12) with the values Yjk and Xjk 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 

15 supplying information on the phase difference between the receiving circuit 
and the transin.ission circuit of e·ach ·transmission system esti.Diated 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. 

20 Fig. 54 is a flow chart showing a calculation routine for Yjk and X.,"k in 
the fifteenth embodiment corresponding to the step Sl-6din 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 RX.ik(t)·Si(t) up to 
a time T. The result of accumulation is divided by T for calculating a time 

25 average Tmp/T and the natural logarithm thereof is calculated for 
extracting the ilnaginary_part Yik and the real part Xjk. 

30 

The remaining processing excluding the calculation routine is 

identical to that in the flow chart of the :first embodiment shown in Fig. 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 S;(t), thereby eJiminating the noise component n;k(t) and the · 
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interference signal lik(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 

5 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 

10 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 with a correlator CR; (i = 1, 2, ... , n). 
The operation principle of an adaptive may radio base station according to 

.15 the sixteenth embodiment is now described. 
In calibration, a phase rotatfon quantity Sj ofa phase shifter PS; of a . 

j-th (j = 1, 2, ···, n) transmission system is set to 0 and an amplitude 
fluctuation quantity Ai of an attenuator ATTi is set to 1 (= 0 dB). A known 
signal 8.i(t) corresponding to the j-th transmission system is read from a 

20 memory 21, and transmitted through an antenna elementANTj. 
The transmitted signal is received in an antenna element ANTk (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 

25 RXik(t). 
In the 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) 
30 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) = A.ik ATXj ARXk exp{i(<j>jk + A<j>TXj + A<j>RXk)} Sj(t) + Ijk(t) + njk(t) 
(j=l,2, ···,n),. (k=l,2, .. ·,n) 
where j .d k · .. (3-13) . 

A cross-correlation value CSjk of the received signal RX.;k(t) and the 
5 known signal Sj(t) of the corresponding transmission system is calculated 

as follows: 
CSjk= A.ik ATXj ARXk exp{i(<j>jk + A<j>TXj + A<j>RXk)} 

<$j(t) • Sj(t)> + <ljk(t) • Sj(t)> + < njk(t) • Sj(t)> 
(j = 1, 2, .. ·, n), (k = l, 2, .. ·, n) 

10 where j ;ie k ... (3-14) 

15 

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): 

CSjk = A.ik ATXj ARXk exp{i(cj>jk + A<j>TXj + A<j>RXk)} 
(j = 1, 2, · · ·, n), (k = 1, 2, .. ·, n) 

wherej ;ie k 
loge[.Aik ATXj ARXk] + j(<jljk + A<jlTXj + A<jlRXk} = loge[C8;k] 

'"(3-15) 

'"(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 
20 when noting the real part: 

«P.;k + A<jlTXj + AcpRXk = Im[loge[CSjk]] 
(j = 1, 2, .. ·, n), (k = 1, 2, .. ·, n) 

where j ;ie k · .. (3-17) 
loge[.Aik ATXj ARXk] :: Re[loge[CSjk]] 

25 (j = 1, 2, ... , n), (k =:= 1, 2, ... , n) . 

where j ;ie k · · · ·(3-18) · 
The right sides of the equations (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. 

30 Assuming that Yjk and Xjk 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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5 

Y:ik = cjljk + Acj>T~ + Acj>RX.k, 
(j = 1, 2, ... , n), (k = 1, 2, ... , n)..; 
where j ..e k · · · · 

Xjk = loge[AJk] + loge[ATXj] + loge[ARXk], 
G = 1, 2, · · ·, n), (k = 1, 2, · · ·, n) ... 

.. ;(3-19) .. 

where j ;d k .. -(3-20) 

When substituting Yjk - Ykj = Zjk 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 Xi1t -

10 Xk.i = Vjk in the equation (3-20) as to the obtained amplitude information, 
the following simultaneous linear equations (3-22) are found: 

Zjk = Yjk-Ykj = Acpk-Acjlj 

(j = 1, 2, ... , n-1), (k = j+l, j+2, ... , n) 

Vjk = Xjk - Xk.i = llAt - AAJ, 
"

0 (3-21) 

15 (j=l,2, ·~·,n), (k=j+l,j+2, .. ·,n) ·00 (3-22) 

Subsequent p·rocessing 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 

20 transmission systems by solving the aforementioned simultaneous linear 
equations (3-21) and (3-22) with Yjk and Xjk 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 

25 supplying information on.the phase difference between the received signal 
and the transmitted si.gnal 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. 

30 A calculation routine for Yjk and Xjk 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 

5 transmission system for correlating the received signal RXjk(t) and the 
known signal Si(t), thereby eliminating a noise component njk(t) and an 
interference signal I3'k(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 

10 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 

15 In the sixteenth embodiment shown in Fig. 55, the transmission 
system transmitting the si~al is sequentially switched from the fii:st 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. 

20 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 0j of the phase shifters 
25 PSj of all transmi.$sj.on systems are set to 0 and the amplitude fluctuation 

quantities ·_Aj of the attenuators ATTi are set to 1 (= 0 dB) in tlie structure 
shown in ~g. 55. The known signals Sj(t) corresponding to all 
transmission systems are read from the memory 21, and transmitted 
through all antenna elements ANTj. 

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

Therefore, the following equation (4-1) expresses the signals RXk(t) 
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simultaneously received and measured in the received signal measuring 

unit SMk of the k-th transmission system from all of the remaining . 
transmission systems: · · 

R.Xt(t) = .Aik ATX1 ARXt exp{i(cj>1k + AcpTX1 + Acj>R.Xt)}S1(t) 

5 + A2k ATL ARXt exp{i(cj>2k + Acj>TL + Acj>RXk)}S2(t) 

10 

+ .•.. 

+ .... 

+ Ak-1 k ATXk.1 ARXk exp{i(cpk-1 k + AcpTXk.1 + AcpRXk)}Sk-1(t) 

+ Ak+1 k ATXk+1 A.RXk exp{i(cj>k+i k + Acj>TXk+1 + Acj>RXk)}Sk+1(t) 
+ .... 

+ Ank ATXn ARXt exp{i(cpnk + Acj>TXn + Acj>RXk)}Sn(t) 

+ m(t), (k=l, 2, ···, n) . ···(4-1) · 

Then, cross-correlation values CSjk of the received signals RXk(t) and 

15 . the known signals Sj(t) are calculated. The following equation (4-2) 

. expresses the cross-correlation values csjk. 

Sj(t) G = 1, 2, ··-, n) represents signal series fully different from each 

other, and the cross-correlation values CSik thereof satisfy the following 
expression (4-3): 

20 CSjk= <RXk(t)-Sj(t)> ···(4-2) 

<Sj(t) · Sk(t)> ·. o, G = 1, 2, · ·-, n), (k = 1, 2, · · ·, n), 
where k fl!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 i;efer~nce to the :fifteenth 

· 25 . embodiment~ and the self-autocorrelation value of the transmitted signal is 

1, as expressed in the equation (3-4). 

Therefore, the equation (4-2) is converted to the following equation 

(4-4) when calculating the cross-correlation values of RXk(t) in the equation. 

(4-1) and Sj(t). When performing this cross-correlation processing ofRXk(t) 

30 and Sj(t) on all known transmitted signals Si(t) (j = 1, 2, ··· n, where j fl! k) 

and all received signals RXt(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= <RXk(t)·Sj(t)> = .AjkATXj ARXk exp{i(cpjk+ AcpTXj+ AcpRXk)}, 
···(4-4) 

The above equation (3-16) with reference to the sixteenth 
embodiment expresses the natural logarithms of the equation (3-15), and 

5 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 
10 aforementioned seventeenth embodiment, and Fig. 57 is a flow chart 

showing a calculation routine of the seventeenth embodiment 
corresponding to a step 83-2 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 
15 transmit the know signals Sj(t) at a step 83-1 and all transmission systems 

. .· 

simultaneously measure received signals at a step SS-2. 
Referring to the flow chart shown in Fig. 57, a temporary variable 

Tmp is set to 0 for each transmitted signal 8i(t), for accumulating 
RXik·(t)8i(t) up to a time T. The result of accumulation is divided by T for 

20 calculating a time average Tmp/T and the natural logarithm thereof is 
calculated for extracting an imaginary part Yjk and. a real part Xjk. 

It follows that the signals 8j(t) transmitted from all transmission 
systems and the signals RXj(t) received in all transmission systems are 
subjected to cross-correlation processing due to the aforementioned 

25 operation performed on all transmitted signals Si(t). . 
Subsequent processing is identical to. that in the flow chart ~hown in . 

Fig. 21, and hence redundant description is not repeated. 
Cross-correlation processing may be performed on the signals Sj{t) 

transmitted from all transmission systems and the signals RXi(t) received 
30 in all transmission systems through the same steps 83-1 and 83-2 as in the 

seventeenth embodiment shown in Fig. 56 for obtaining phase rotation 
quantities and amplitude fluctuation quantities of receiving circuits of the 
resp.ective transmission systems by directly solving the simultaneous linear 
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equations (3-19) and (3-20) of the obtained values Yjk. 
According to the seventeenth embodiment~ as herei:ilabove t\escribed, . . . . . . . . . 

the known signals Sj(t) are simultaneously transmitted/received in 
calibration, whereby the time required for calibration can be reduced as 

5 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 

10 according to the present inventfon shown in Fig. 19 obtains the differences 
A<l>j in the phase rotation quantity and the differences AAi 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). 

15 The following equation (5-1) holds when the differences <l>Aj (i =:: l, 2, 

20 

... ' n) 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 q,A; G = 1, 2, ... , n) in the 
amplitude fluctuation quantity between the transmission and receiving 
circuits are identical in all transmission systems: 

A<1>1= A<1>2= ... = Acl>n 
AA.i=AA.2= ... =AA.n 

···(5-1) 
.. '(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 

25 are indeterminate even if a difference in a phase rotation quantity or a 
difference iii an amplitud,e fluctuation quantity takes place in eacp · 
transmission circuit and each receiving circuit. Therefore, it may be 
impossible to estimate correct differences in the phase. rotation quantity 
and the amplitude fluctuation quantity. 

30 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 

5 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 PSj of a j-th transmission system 

10 is previously set to 0.i while an amplitude fluctuation quantity of an 
attenuator ATTj is previously set to Ai 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 0j ¢ Bk 

15 holds and the amplitude fluctuation quantities of the respective 
attenuators are so set that ~ pi! Ak. 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 

20 transmission systems excluding the j-th transmission system, and received 
in a received signal measuring unit SMk as a received signal RXjk(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 

25 system transmittin_g the signal from the first to n-th transmission systems: 
. RXjt(t) = ~t Ai ATXj. ARXt exp 

{i(cjlJx + 0j + Afj>TXj + Afj>RXt}} Sj(t) + njk{t) 
(j = 1, 2, ···, n), (k = 1,·2, ····, n) 
where j p! k · · ·(5-3) · 

30 When dividing both sides of the above equation (5-3) by the known 
signal Sj{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 

following ~quation (5-6) _is deduced when noting the real part: 

log&(Ajk A; ATXj ARXk] 

+ i(cpjk + 0j + Acj>TXj + Acj>RXk) = loge[RXjk(t)/S,;(t)] ·· ·(5-4) 

5 cpjk + 0j + Acj>TXj + Acj>RXk = Im[loge[RX;k(t)/Sj(t)]], 

G = 1, 2, · · ·, n), (k = 1, 2, .. ·, n) 

wherej "k 
loge[AJk Ai ATXj .ARXk] = Re[loge(RXjk(t)/Sj(t)]], 

(j = 1, 2, .. ·, n), (k = 1, 2, · · ·, n) 

···(5-5) 

10 where j " k .. ·(5-6) 

The right sides of the equations (5-5) and (5-6) can be found by 

measurement and calculation. Assuming that Yjk and Xik 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: 

15 . Yjk = cpjk + 0; + Acj>TXj + Acj>RXk, (j = 1, 2, .. ·, n), (k = 1, 2, · .. , n) 

where j " k .. ·(5-7) 

Xjk = loge[AJk] + loge[A;] + loge[ATXj) + loge[ARXk], 

G = l, 2, ... , n), (k = 1, 2, ... , n) 

wherej "k ···(5-8) 

20 In consideration of initial offset values previously set as described 

above, the difference Act>j between the phase rotation quantities of the· 

tr~smission and receiving circuits of each transmission circuit and the 

difference Acpj between the amplitude fluctuation quantities thereof are 

defined in the following equations (5-10) and (5-11) respectively: 

25 Acpj= Acj>RXj-{Acj>T~+ 0;}, . G = 1, 2, ... , n) . · 00 (5~10) 

AAj = loge[ARXj) ~ {loge[ATXj). -t loge[AJ]}, G = 1, 2, · · ·, n) · · ·(5-11) 

The following equation (5-12) is obtained by substituting YJ11: - _Ykj = 
Zik in the equation (5-7), and the following equation (5-13) is found by 

substituting Xjk - Xtg = Vjk in the equation (5-8): 

30 Zik=Yjk- YJ.tj=Acj>k-Acpj, G = l, 2, ···, n-1), · (k=j+l,j+2, ... , n) 
00 ·(5-12) 

Vjk= Xjk-XlQ= AAk-AAj, (j = l, 2, ... , n-1), (k = j+l, j+2, ... , n) 
000 (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 

5 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 

10 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 P~ 

of the transmission system is set not to 0 but to the known value 0j, while 
the amplitude fluctuation quantity of the attenuator ATTi is set not to 1 but 

15 to the known value AJ. 
At a final step S2-18h, the aforementioned knoWn values 0.; and AJ 

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. 

20 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 

25 · modification, the phase rotation quantity of the phase shifter is set to 0j and. 
th~ amplitude fluctu~tion quantity of the a,ttenuator is set to Ai in each 
transmission system similarly to the aforementioned eighteenth 
embodiment, for thereafter transmitting a known signal Si(t) and 
calculating ~1t and '\'it through operation processing absolutely identical to 

30 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 Zit and '\'ik have sufficient 
magnitudes. In other words, the calculated absolute value of Zjk is 
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compared with a minimum value MZ of Z at a step S2-19 and MZ is 
replaced with current I Zjk I at a step S2-20 if I Zjk I is less than MZ. 
Similarly, the calculated absolute value of Vik is compared with a mininlUm. 
value MV of Vat a step S2-21 and MV is replaced with current I Vjk I at a . 

5 step 82-22 if I Vik I 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 0j and the amplitude fluctuation quantity l\j are 
changed to proper values respectively at a step S2-24 on the assumption 

10 that the initial set values 0j and l\j of the phase rotation quantity of the 
phase shifter and the amplitude :fluctuation quantity of the attenuator have 
been insufficient, and thereafter Zjt and Vit 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 

15 shown in ~- 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 
20 :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 

25 equations are equally three when the numberof 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 independent equations 
exceeds the number of unknown variables. 

30 A nineteenth embodiment of the present inv.ention 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 
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same number as that of unknown variables for solving the simultaneous 
linear equations when the number of antenna elements exceeds four. 

. . . 

Accordirig to the nineteenth embodiment of the present invention, it 
follows that the equations are sequentially selected from that having the 

5 largest value I Xjk I , I Yjk I , I Vjk I or I Zik I 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: 

10 Absolute values of all Zjk are calculated.and sorted in descending order at a 
step 82-25, and absolute values of all Vjk are calculated and sorted in · 

. . 

descending order at a step 82-26. Then, n equatiOns corresponding to the 
number of unknown variables are selected in descending order with 
reference to I Zjk I for forming simultaneous linear equations related to 

15 differences between phase rotation quantities and calculating solutions, 
while selecting n equations in descending order with reference to I Vj11: I 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 

20 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 

25 . the amplitude fluctuation quantities. 
[Mode Utilizing Remafuder Equation) 
Twentieth Embodiment 
When the number of antenna elements exceeds four as described 

above, some of equations included in a plurality of independent equations 
30 forming simultaneous linear equations are not employed for ~ding 

solutions. According to a twentieth embodiment of the present invention, 
equations other than thos~ 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 fo~ obtaining.differenc~s in phase rotation quantities between . 

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

Z12= Acj>2- Acj>1 ... (6-1) 

Zia= Acj>a - Acj>1 · · ·(6-2) 

Z14= L\cj>4- Acp1 ... (6-3) 

Z23 = Acj>a - Acp2 · .. (6-4) 

10 Z24= Acl>•- Acp2 " 0 (6-5) 
Za4 = L\cj>4- Acpa '"(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 Acp1 to Acp4, and it is also assumed that tmpAcj>j G = 1, 2, 3, 

15 4) represents actually calculated values. According to the twentieth 
embodiment, these values tmpl\cpj 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 e1and e2 are calculated with the two unused 

20 

equations as follows: 

e1 = Z14 - (tmpl\cj>4 - tmpA411) 
e2 = Z23 - (tmpAcj>a - tmpAcjl2) 

.. -(6-7) 

···(6-8) 

If these errors ei and e2 are less than prescribed reference values 
respectively, it follows that the aforementioned results tmpl\cpj G = 1, 2, 3, 4) 
of estimation are regarded as correct and output. When the errors ei and 

25 e2 are greater than the prescribed.reference values respectively, on the 
other hand, the "results ~f .estimation obtained through the aforementioned . 

four equations are regarded as incorrect ·and estimation is continued 

through re-measurement or the like until the errors ei and e2 reach value$ 

less than the prescribed reference values. 
30 Figs. 63 and 64 are flow charts showing operations of the twentieth 

embodiment, which are identical to the operations of the ~eteenth 
embodiment of the present invention shown in Fig. 62 except the following 

point: 
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Simultaneous liriear 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 

5 at a step 82-28, and the_ calculated solutions are substituted in the 
equations not employed for calculating the solutions for calculating 
maximum values Zmax and Vmax of Zit and Vik respectively at a step 82-29. 
A determination is made as to whether or not the calculated maximum 
values are not more than prescribed reference values CZ and CV 

10 respectively at a step 82-30, 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. 

15 [Table Reference Correction Mode] 
Twenty-First Embodiment 
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 

20 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. 

25 When the transmission circuit or the receiving circuit of each 
transmissi<;m system includes 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 

30 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 

- 74-



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. 

5 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<j>l, A<j>2, ···, Acpn, and calibration information calculated for 
compensating amplitude fluctuation quantities is Mi, Ah , ... , AAn. 

10 It is assumed that PCTX represents relatively low power of a · 
transmitted signal at the time of estimation of the above calibration 
information and PCax represents relatively low power of a received signal. 
It is also assumed that PTx represents power of a current transmitted signal 
and Pax represents power of a current received signal. It is further 

15 l;lssumed 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 PTX and PCTX or correction 
information for a receiving system corresponding to P&x and PCRX ~om the 

20 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 

25 rotation quantity difference information and the amplitude fluctuation 
·quantity.difference information can.be regulariy perfonned 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 

30 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. 

5 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. 

10 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, 

15 in addition to the method of controlling the amplitude fluctuation quantity 
of the attenuator of e·ach 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 embodiments. 

20 [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 

,25 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 · 

30 · 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 control unit (not shown), antenna elements ANTI, ANT2, 
. ANT3 and ANT4 forming a square array antenna, antenna sharers SWl, 
SW2, SW3 and SW 4 provided m· correspondence to the antenna elements 
ANTI, ANT2, ANT3 and ANT4 respectively, and transmission circuits TXl, 

5 TX2, TX3 and TX4 and receiving circuits RXI, RX2, RX3 and RX4 provided 
between the antenna sharers SWl, SW2, SW3 and SW 4 and the signal . 
processing circuit 20 in correspondence to the antenna elements ANTI, 
ANT2, ANT3 and ANT4 respectively. 

Similarly to the aforementioned first and second basic structures, it 
10 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 m.easuring a signal received from 
another antenna element, calculating a receiving response vector and a 
transmission response vector described later and calibrating the phase 

15 rotation quantity and the amplitude fluctuation quantity on the basis of the 
resrilts of calculation. 

Each of the transmission circuits TXl, 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 

20 of the receiving circuits RXl, 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. 

25 

[Embodiments of Third Basic Structure] 
Twenty-Third Embodiment 
Referring to Fig. 66, each of symbols 0TX1, 0TX2, 0TX3 and 0TX4 

denotes a phase rotation quantity of~ 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· 0RX1, 0RX2, 0RX3 and 0RX4 

30 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 0I2 denotes a phase rotation 
quantity of a signal between the antenna elements ANTI and .AN'l'2, 
·symbol 013 denotes a phase rotation quantity of a signal between the 
antenna elements ANTl and ANT3, symbol 0I4 denotes a phase rotation 

5 quantity of a signal between the antenna elements ANTI and ANT4, 
symbol 023 denotes a phase rotation quantity of a signal between the 
antenna elements ANT2 and ANT3, symbol 024 denotes a phase rotation 
quantity of a signal between the antenna elements ANT2 and ANT4, and 

. symbol 034 denotes a phase rotation quantity of a signal between the 
10 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. 

I5 (1) Method of Measuring Receiving Response Vector 
A.method of measuring the receiving resp.onse vector is now 

described. 
CD In the structure shown in Fig. 66, a signal having an initial phase 

0IT1 fixed to 0 in th~ signal processing circuit 20 is transmitted from the 
20 antenna element ANTl through the transmission circuit TXl and the 

antenna sharer SWl, and received in the remaining antenna elements 
ANT2, ANT3 and ANT4. 

The following equation (7-1) expresses a phase rotation quantity 
0R2 I between transmission and receiving of the signal received in the 

25 . signal processing circuit 20 through the antenna element ANT2, the 
antenna sharer SW2 and ~he receiving circuit RX2: . 

· 0R2I ·= 0TXI + 012 + 0RX2 ···(7-1) 
Similarly, the following equation (7-2) expresses a phase rotation 

quantity 0R31 between transmission and receiving of the signal received in 
30 the signal processing circuit 20 through the antenna element ANT3, the 

antenna sharer SW3 and the receiving circuit RX3: 
0R31 = 0TX1 + 013 + BRX3 ···(7-2) 
Similarly, the following equation (7-3) expresses a phase rotation 
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10 

quantity 0R41 between transmission and receiving of the signal received in 
the signal processing circuit 20 throug:h the anten,na element ANT4, the . 
antenna sharer SW 4 and the receiving ·circuit RX4: 

BR41=0TX1+014 + 0RX4 ··'(7-3) 
The equation (7-2) is subtracted from the equation (7-1): 
0R21- 0R31 = BRX2 - 0RX3 + (012 - 013) 
(BRX2 - 0RX3) = (0R21- 0R31) - (012 - 013) ··'(7_-4) 
Similarly, the equation (7-S) is subtracted from the equation (7-2): 
0R31- 0R41=0RX3 - 0RX4 + (013 - 014) 
(0RX3 - 0RX4} = (0R31- 0R41) - (013 - 014) ···(7-5) 
Similarly, the equation (7-1) is subtracted from the equation (7-3): 
0R41- 0R21 = 0RX4 - 0RX2 + (014 - 012) 
(0RX4- 0RX2) = (0R41- 0R21} - (014- 012) ···(7-6) 
® In the structure shown in Fig. 66, a signal having an initial phase 

15 0IT2 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 
ANTI, ANTS and ANT4. 

The following equation (7-7) expresses a phase rotation quantity 
20 0Rl2 between transmission and receiving of the signal received in the 

signal processing circuit 20 through the antenna element ANTI, the 
antenna sharer SWI and the receiving circuit RXl: 

0Rl2 = 0TX2 + 012 + 0RX1 ··· ··'(7-7) 

Similarly, the following equation (7-8) expresses a phase rotation 
25 quantity 0RS2 between transmission and receiving of the signal received in 

the signal processing circuit 20 through the antenna element ANTS, the 
antenna sharer SW3 and the receiving circuit RX3: 

0R32 = 0TX2 + 023 + 0RX3 · · '(7-8) 

Similarly, the following equation (7-9) expresses a phase rotation· 
30 quantity 0R42 between transmission and receiving of the signal received in 

the signal processing circuit 20 through the antenna element ANT4, the 
antenna sharer SW 4 and the receiving circuit RX4: 

0R42 = BTX2 + 024 + BRX4 
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The equation (7-8) is subtracted from the equation (7-7): 
0Rl2 - 0R32 = 0RX1 - 0RX3 + (012 - 023) 

. (0TX1 - 0RX3) = (0Rl2 - 0R32)- (012 - 023) ···(7-10) 
Similarly, the equation (7-9) is subtracted from the equation (7-8): 

0R32 - 0R42 = 0RX3 - 0RX4 + (023 - 024) 
(0RX3 - 0RX4) = (0R32 - 0R42)- (023 - 024) ···(7-11) 
Similarly, the equation (7-7) is subtracted from the equation (7-9): 
0R42 - 0Rl2 = 0RX4- 0RX1+(024-012) · 
(0RX4- 0RX1) = (0R42 - 0Rl2)- (024- 012) 00 ·(7-12) 

@ In the structure shown in Fig. 66, a signal having an initial phase 

0IT3 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 eleID:ents 
ANTI, ANT2 and ANT4. 

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

20 

. 0Rl3 between transmission and receiving of the signal received in the 
signal processing circuit 20 through the antenna element ANTl, the 
antenna sharer SWl and the receiving circUit RXl: 

BR13 = 0TX3 + 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: 
0R23 = 0TX3 + 023 + 0RX2 ···(7-14) 

. 25 Similarly, the following equation (7-15) expresses a phase rotation 

30 

quantity 0R43 between transmission and receiving of th~ signal received in 
the signal processing circuit 20 through the antenna element ANT4, the 

antenna sharer SW 4 and the receiving circuit RX4: 
0R43 = 0TX3 + 034 + 0RX4 00 ·(7-15) 
The equation (7-14) is subtracted from the equation (7-13): 
0Rl3 - 0R23 = 0RX1 - 0RX2 + (013 - 023) 
(0RX1 - 8RX2) = (8Rl3 - 0R23) - (013 - 823) ·"(7-16) 
Similarly, the equation (7-15) is subtracted from the equation (7-14): 
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0R23 - 0R43 = 0RX2 - 0RX4 + (023 - 034) 
(0RX2 - 0~X4) = (0R23 - 0R43) - (023 ~ 034) ···(7-17)_ 
Similarly, the equation (7-13) is subtracted from the equation (7-15): 

0R43 - 0R13 = 8RX4 - 0RX1 + (834 - 813) 
(8RX4 - 0RX1) = {8R43 - 8Rl3) - (834 - 813) ···(7-18) 
© In the structure shown in Fig. 66, a signal having an initial phase 

8IT4 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 SW 4, and received in the remaining antenna elements 

10 ANTl, ANT2 and ANT3. 

15 

The following equation (7-19) expresses a phase rotation quantity 
8R14 between transmission and receiving of the signal received in the 

signal processing circuit 20 through the antenna element ANTl, the 
antenna sharer SWl and the receiving circuit RXl: 

0Rl4 = 0TX4 + 014 + 0RX1 "
0 (7-19) 

·. . Similarly, the folloWing equation (7-20) expresses a phase rotation 

quantity 0R24 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: 

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

Similarly, the following equation (7-21) expresses a phase rotation 

quantity 0R34 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: 

25 0R34 = 8TX4 + 034 + 8RX3 ···(7-21) 
The equation (7-20) iS subtracte.dfrom the equation (7-19): 

30 

0R14 - 0R24 = 8RX1 - 0RX2 + (014 - 024) 
(8RX1 - 8RX2) = {0Rl4 - 0R24) - (014 - 824) .. ·(7-22) 
Similarly, th,e equation (7-21) is subtracted from the equation (7-20): 

0R24 - 0R34 = 0RX2 - 0RX3 + (024 - 034) 
(0RX2 - 0RX3) = (0R24 - 0R34) - (024 - 034) · · · (7-23) 
Similarly, the equation (7-19) is subtracted from the equation (7-21): 
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0R34 - 0Rl4 = 0RX3 _, 0RX1 + (034 - 014) 
(0RX3 - 0RX1) = (0R34- 0Rl4) - (034- ~14) . ···(7-24) 
@ The difference (0RX1 ~ 0RX2) between· the phase rotation 

quantities of the signals received in the antenna elements ANTl and ANT2 
5 is calculated. 

While the. difference (0RX1 - 0RX2) is found from each of the· above 
equations (7-16) and (7-22), these equations are averaged in order to 
further improve the accuracy: 

(0RX1 - 0RX2) = [{(0R14 - 0R24) - (014 - 024)} + {{0Rl3 - 0R23) -. 
10 {013 -.023)}]/2 

From this equation, 

(0RX1 - 0RX2} = [{(0R14 - 0R24) - (014 - 023)} + {(0Rl3 - 0R23) -
(013 - 024)}]/2 

The antenna elements ANTI to ANT4 shown in Fig. 66 are arranged 
15 to form a square, and hence 8i4 = 023 and 013 = 024 hold. Hence, the 

above equation i~ converted to the following equation (7.;25): 
(0RX1 - 0RX2) = {(0R14 - 0R24) + (0R13 - 0R23)}/2 "'(7-25) 
The right side of this equation is found from measured values, and 

hence the value of the difference (0RX1 - 0RX2) is calculated. 
20 @ The difference (0RX2 - 0RX3) between the phase rotation 

quantities of the signals received in the antenna elements ANT2 and ANT3 
is calculated. 

While the difference {0RX2 - 0RX3) is found from each of the above 
equations (7-4) and (7 ~23), these equations are averaged in order to further 

25 improve the accuracy: 
(0RX2 - 0RX3) = [{(0R21 - 0R31) - (012 - 013)} + {(0R~4 - 0R34) -

(024 - 034)}]/2 
From this equation, 

(0RX2 - 0RX3) = [ {(0R21 - 0R31) - (012 - 034)} + {{0R24 - 0R34) - · 
30 (024 - 013)}]/2 

012 = 034 and 013 = 024 hold, and hence the above equation is 
converted to the following equation (7-26): 

(0RX2 - 0RX3) = {(0R21 - 0R31) + (0R24 - 0R34)}/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 (8RX2 - . 8RX3) is calculated. · 

® The difference (0RX3 .:... 0RX4) between the phase rotation · 
quantities ~f the signals received in the antenna elements ANTS and ANT4 

· 5 is calculated. 

While the difference (0RX3 - 8RX4) is found from each of the above 
equations (7-5) and (7-11), these equations are averaged in order to further 
improve the accuracy: 

(0RX3- 0RX4) = [{(0R31- 0R41)-(013- 014)} + {(0R32 - 0R42)-
10 (023 - 824)}]/2 

15 

From this equation, 
(8RX3 - 8RX4) = [{(8R31- 0R41) - (013 - 824)} + {(8R32 - 0R42)­

(823 - 014)}]/2 
013 = 824 and 823 = 014 hold, and hence the above equation is 

converted to the following equation (7-27): 
(0RX3 -- 0RX4) = {(0R31- 0R41) + (0R32 .... 0R42)}/2 ... (7-27) 

The right side of this equation is found from measured values, and 
hence the value of the difference (0RX3 - 8RX4) is calculated. 

@ The difference {0RX4 - 8RX1) between the phase rotation 
20 quantities of the signals received in the antenna elements ANT4 and ANTI 

is calculated. 
While the difference (0RX4 - 0RX1) is found from each of the above 

equations (7-12) and (7-18), these equations are averaged in order to 
further improve the accuracy: 

25 {0RX4 - 0RX1) = [{(8R42 ~ 0Rl2) - (024 - 012)} + {(0R43 - 0Rl3) -

30 

(034 - 013)}]/2 
From this equation, 

(0RX4 - 0RX1) = [{(0R42 - 8R12) - (824 - 813)} + {(8R43 - 0Rl3) -
(034 - 012)}]/2 

024 = 013 and 034 = 012 hold, and hence the above equation is 
converted to the following equation (7-28): 

(BRX4 - 0RX1) = {(0R42 - 0Rl2) + (0R43 - 0Rl3)}/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 (0RX4 - 0RX1) is calculated. 
. ® The receiving response ·vector is obtained. 

Assuming that R(l) = 0RX1, R(2) = 0RX2, R(3) = 0RX3 and R(4) 0RX4 
represent the phase rotation quantities of the signals received by the 

5 antenna elements ANTI to ANT4 of the four transmission systems 
respectively, a vector R having R(l), 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 (0RX1 - 0RX2), (0RX2 - 0RX3), (0RX3 -
10 0RX4) and {0RX4 - 0RX1) 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(l), R(2), 
R(3) andR(4). 

When setting the phase rotation quantity, e.g., R(l), of any 

15 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(l) = 0, for example, 

R(l) - R(2) = (0RX1 - 0RX2) results in 

20 R(2) = R(l) - (0RX1 - 0RX2), and the value R(2) is calculated on the 

basis of the aforementioned measured values of the differences. 
Similarly, R(2) - R(3) = (0RX2 - 0RX3) results in 
R(3) = R(2) - (0RX2 - 0RX3), and the value R(3) is calculated on the 

basis of the aforementioned measured values of the differences. 
25 Similarly, R(3)- R(4) = {0RX3 - 0RX4) results in 

R(4) = R(3) - {0RX3 - 8RX4), and the .value R(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 

30 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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(i) As to R(4)-R(l) = (0RX4- aRXl}, 
· R(l) =. 0 is set and hence R(4) - (0RX4 -0RX1) must originally be 

substantially (}if the measurement is correctly performed. 
Therefore, rtmp = I R(4) - (0RX4 - 0RX1) I is set for determining that 

5 the measurement is erroneous if rtmp is in excess of an error threshold. 
(ii) 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: 

(0RX1 - 0RX3) = [{(0R12 - 6R32) - (012 - 023)} - {(0R34 - 0Rl4) -
10 (034 - 014)}]12 

012 = 023 and 034 = 014 hold, and hence: 
(0RX1 - 0RX3) = {(0Rl2 - 0R32) - (0R34 - 0Rl4)}12 
The right side of this equation is found from measured values, and 

hence the value (0RX1 - 0RX3) is calculated. 
15 While R(l) ~ R(3) = (0RX1 - 0RX3), 

{R(l) - R(3)} - (0RX1 - 0RX3) must originally be substantially O if 
the measurement is correctly performed. 

Therefore, rtmp = I {R(l) - R(3)} - (0RX1 - 0RX3) I i.S set for 
determining that the measurement is erroneous if rtmp is in excess of an 

20 error threshold. 
(iii) Then, the above equations (7-17) and (7-6) are averaged for 

finding the difference (0RX2 - 0RX) between the phase rotation quantities 
of the antenna elements ANT2 and ANT4: 

(0RX2 - 0RX4) = [{(0R23 - 0R43) '.""" (023 ~ 034)} + {(0R41 - 0R21) -
25 (014 - 012)}]/2 

. 023 = aa4 and 014 = 012 hold, and hence: ... · 
(0RX2 - 0RX4) = {(BR23 ;_ 0R43) - (0R41 - 0R21)}/2 
The right side of this equation is found from measured values, and 

hence the value (0RX2 - 0RX4) is calculated. 
30 While R(2) - R(4) = (0RX2 - 0RX4), 

{R(2) - R(4)} - (0RX2 - 0RX4) must originally be substantially 0 if 
the measurement is correctly performed. 

Therefore, rtmp = I {R(2) - R(4)} - (0RX2 - 0RX4) I 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 Measunng Transmission Response Vect~r 
A method of measuring the transmission response vector is now 

5 described. 
CD The difference (0TX1 - 0TX2) between the phase rotation 

quantities of the transmitted signals of the antenna elements ANTl and 
ANT2 is calculated. 

The equation (7-8) is subtracted from the above equation'(7-2): 
·10 0R31- 0R32 = 0TX1 - 0TX2 + (013- 023) 

(0TX1 - 0TX2) = {0R31- 0R32) - (013 - 023) ···(7-29) 
Similarly, the equation (7-9) is subtracted from the equation (7-3): 
0R41 - 0R42 = 0TX1 - 0TX2 + (014 - 024) 
(0TX1 - 0TX2) = (0R41- 0R42) - (014- 024) ···(7-30) 

15 .While the difference (0TX1 - 0TX2) is found from each of the above 
equations (1-29) and (7-30), •these equations are averaged in order to. 
further improve the accuracy: 

(0TX1 - 0TX2) = [{{0R31- 0R32) - (013 - 023)} + {(0R41- 0R42) -
(014 - 024)})/2 

20 From this equation, 
{0TX1 - 0TX2) = [{{0R31- 0R32)- {013 - 024)} + {(0R41- 0R42)­

(814 - 023)}]/2 
013 = 824 and 014 = 023 hold, and hence the above equation is 

converted to the following equation (7-31): 
25 . (STX) ~ 0TX2) = {(0R31 - 0R32) + (8R41 - 0R42}}/2 ·· ·(7-31) 

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

® The difference (0TX2 - 0TX3) between the phase rotation 
quantities of the transmitted signals of the antenna elements ANT2 and 

30 ANT3 is calculated. 
The equation (7-13) is subtracted from the above equation (7-7): 
0R12 - 0Rl3 = 0TX2 - 0TX3 + {012 - 813) 
{0TX2 - 0TX3) = (0R12 - 0Rl3) - (012 - 013) ···(7-32) 
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Similarly, the equation (7-15) is subtracted from the equation (7-9): 
0R42 - 0R43 = 0TX2 - 0TX3 + {024 - 034) 
(0TX2 - 0TX3) = (0R42·~ 0R43)-{024- 034) ···(7-33). 
While the difference (0TX2 - 0TX3) is found from each of the above 

5 equations (7-32) and (7-33), these equations are averaged in order to 
further improve the accuracy: 

(0TX2 - 0TX3) = ({(0R12 - 0Rl3) - (012 - 013)} + {(0R42 - 0R43) -
(024 - 034)}]/2 

From this equation, 
10 (0TX2 - 0TX3) = [{(0Rl2 - 0R13) - (012 - 034)} + {(0R42 - 0R43) -

(024 - 013)}]/2 

012 = 034 and 024 = 013 hold, and hence the above equation is 
converted to the following equation (7-34): 

(0TX2 - 0TX3) = {(0Rl2 - 0Rl3) + (0R42 - 0R43)}/2 '"(7-34) 
15 The right side of this equation is found from measured values, and 

hence the value of the difference (0TX2 - 0TX3) is calculated. 
@ The difference (0TX3 - 0TX4) between the phase rotation 

quantities of the transmitted signals of the antenna elements ANT3 and 
ANT4 is calculated. 

20 The equation (7-19) is subtracted from the above equation (7-13): 
(0Rl3 - 0R14) = 0TX3 - 0TX4 + (013 - 014) 
(0TX3 - 0TX4) = (0R13 - 0Rl4) - (013 - 014) .. '(7-35) 
Similarly, the equation (7-20) is subtracted from the equation (7-14): 
0R23 - 0R24 = 0TX3 - 0TX4 + (023 - 024) 

25 (0TX3 - 0TX4;) = (0R2.3 - 0R24) - (023 - 024) . · · ·{7-36) 
While the.difference (0TX3 - 0TX4) 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 - 0TX4) = [{(0Rl3 - 0Rl4)-(013 - 014)} + {(0R23 - 0R24)-· 
30 (023 - 024)}]/2 

From this equation, 
(0TX3 - 0TX4) = [{(0Rl3 - 0R14) - (013 - 024)} + {(0R23 - 0R24) -

(023 - 014)}]/2. 
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0I3 = 024 and 023 = 0I4 hold, and hence the above equation is 
converted to the following equation (7-37): 

(0TX3 - 0TX4) = {(0RI3 - 0RI4) + (0R23 - 0R24)}/2 .~:(7-37) ... 

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

5 hence the value of the difference (0TX3 - 0TX4) is calculated. 
© The difference (0TX4 - 0TXI) between the phase rotation 

quantities of the transmitted signals of the antenna elements ANT4 and 
ANTI is calculated. 

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

IO 0R24 - 0R2 I = 0TX4 - 0TXI + (024 - 0 I2) 
(0TX4- 0TXI) = (0R24- 0R2I)- (0R24- 0R2I)- (024- 0I2} 

... (7-38) 

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

0R34 - 0R3 I = 0TX4 - 0TXI + (034 - 0 I3) 
I5 (0TX4- 0TXI) = (0R34- 0R3I) - (034- 0I3) ... (7-39) 

While the difference (0TX4 - 0TXI) is found from each of the above 

equations (7-38) and (7-39), these equations are averaged in order to 

further improve the accuracy: 
(0TX4- 0TXI) = [{(0R24- 0R2I)- (024- 0I2)} + {(0R34- 0R3I)-

20 (034 - 0I3)}]/2 

25 

From this equation, 
(0TX4- 0TXI) = [{(0R24- 0R2I}-(024- 0I3)} + {(0R34- 0R3I)­

(034 - 0 I2)}]/2 

024 = 0I3 and 034 = 0I2 hold, and hence the above equation is 

converted to_ the _following equation (7 ~40): 

(0TX - 0TXI) = {(0R24 - 0.R2 i) +. (0R34 - R3 I)}/2 ... (7-40) 

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

hence the value of the difference (0TX4- 0TXI) is calculated. 

@ The transmission response vector is obtained. 

30 Assuming that T(I) = eTXI, T(2) = 0TX2, T(3) = 0TX3 and T(4) = 
0TX4 represent the phase rotation quantities of the signals transmitted by 

the antenna elements ANTI to ANT4 of the four transmission systems 
respectively, a vector T having (T(I), 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 <1uantities are 

specifically calculated.· as the values of (0TX1 - aTX2), (0TX2 - 0TX3), (0TX3 
- 0TX4) and (0TX4 - 0TX1) through measured values as found in the above 

5 equations (7-31), (7-34), (7-31) and (7-40), the information is still 
insufficient for recognizing the values ·of the individual phase rotation 
quantities T(l), T(2), T(3) and T(4). 

When setting the phase rotation quantity, e~g., T(l), of any 
transmission system to a reference value 0, the phase rotation quantities of 

10 the remaining transmission systems can be individually calculated from 
the aforementioned calculated values of the differences. When setting T(l) 
= 0, for example, 

T(l) - T(2) = (0TX1 - 0TX2) results in 
T(2) = T(l) - (0TX1 - 0TX2), and the value T(2) is calculated on the 

15 basis of the aforementioned measured values of the differences. 
Similarly, T(2) -T(3)::: (0TX2 - 0TX3) results in 
T(3) = T(2) - (0TX2 - 0TX3), and the value T(3) is calculated on the 

basis of the aforementioned measured values of the differences. 
Similarly, T(3) - T(4) = (0TX3 - 0TX4) results in 

20 T(4) = T(3) - (0TX3 - 0TX4), 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 · 

25 . that the transmission response vector of phase data is obtained as a result_. 
Some m~thods of testing whether or not the aforementio~ed results 

of measurement are erroneous are now described. 
(i) As to T(4) - T(l) = (0TX4 - 0TX1), 
T(l) = 0 is set and hence T(4) - (0TX4 - 0TX1) must originally be · 

30 substantially 0 if the measurement is correctly performed. 
Therefore, rtmp = I T(4) - (0TX4 - 0TX1) I is set for determining that 

the measurement is erroneous if rtmp is in excess of an error threshold. 
(ii) Then, the difference (0TX1 - 0TX3) 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): 
0R21-0R23=0TX1-0TX3+(012~023) 
(0TX1-0TX3)=(0R21-0R23) - (012-023) ···(7-41) 

5 Similarly, the equation (7-15) is subtracted from the equation (7-3): 
0R41 - 0R43 = 0TX1 - 0TX3 + (014 - 034) 
(0TX1 - 0TX3) = (0R41- 0R43)- (014- 034) ... (7-42) 
These equations (7-41) and (7-42) are averaged: 
(0TX1- 0TX3) = [{(0R21;... 0R23) -(012 - 023)} + {(0R41- 0R43)-

10 (014 - 034)}]/2 
012 = 023 and 014 = 034 hold, and hence: 
(0TX1 - 0TX3) = {(0R21- 0R23) + (0R41- 0R43)}/2 
The right side of this equation is found from measured values, and 

hence the value (0TX1 - 0TX3) is calculated. 
15 While T(l) - T(3) = (0TX1 - 0TX3), 

{T(l) - T(3)} - (0TX1 - 0TX3) must originally be substantially 0 if the · 
measurement is correctly performed. 

Therefore, rtmp = I {T(l) - T(3)} - (0TX1 "."" 0TX3) I is set for 
determining that the measurement is erroneous if rtmp is in excess of an 

20 error threshold. 
(iii) Then, the difference (0TX2 - 0TX4) 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): 

0Rl2 - 0R14 = 0TX2 - 0TX4 + {012 - 014) 
25 (0TX2 :-- 0TX4) = (0Rl2 - 0R14)- (012 - 014) '"(7-43) 

Similarly, the equation (7-21) is subtracted from the equation (7-8): 
0R32 - 0R34 = 0TX2 - 0TX4 + (023 - 034) 
(0TX2 - 0TX4) = (0R32 - 0R34)- (023 - 034) "·(7-44) 
The equations (7-43) and (7-44) are averaged: 

30 (0TX2 - 0TX4) = [{(0Rl2 - 0Rl4) - (012 - 014)} + {(0R32 - 0R34)-
(023 - 034)}]/2 

012 = 014 and 023 = 034 hold, and hence: 
(0TX2 - 0TX4) = {(0R12 - 0R14) + (0R32 - 0R34)}/2 
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The right side of this equation is found from measured values, and 
hence the value (0TX2 - 0TX4) is calculated. 

While T(2) - T(4) = (0TX2 - 0TX4), 
{T(2) -T(4)} - (0TX2 - 0TX4) must originally be substantially 0 if the 

5 measurement is correctly performed. 

10 

Therefore, rtmp = I {T(2)-T(4)} - (0TX2 - 0TX4) I 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 ~he phase rotation 
quantities T(l), T(2), T(3) and T(4) of the transmission response vector T 
from the phase rotation quantities R(l), R(2), R(3) and R(4) of the receiving 

15 response vector R calculated in the aforementioned manner. 
The signal processing circuit 20 executes calibration of the phase 

rotation quantities 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. 

20 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~ adaptive array radio base station itself is identical to 
that shown in Fig. 66. 

25 Referring to Figs. 67, each of symbols ATXl, ATX2, ATX3 and ATX4 
denotes an amplitude fluctuation q~antity 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 ARXl, ARX2; 

30 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 denQtes an amplitude 

fluctuation quantity of a signal between the antenna elements ANTl and 
ANT2, symbol A13 denotes an amplitude fluctuation quantity of a signal 

5 between the antenna elements ANTl andANT3, symbolA14 denotes an 
amplitude fluctuation quantity of a signal between the antenna elements 
ANTl 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 

10 ANT2 and ANT4, and symbol A34 denotes an amplitude fluctuation 
quantity of a signal between the antenna ANTS 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 

15 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. 

CD In the structure shown in Fig. 67, a signal having an initial 
20 amplitude AITl fixed to 1 in the signal processing circuit 20 is transmitted 

from the antenna element ANTl through the transmission circuit TXI and 
the antenna sharer SWl, and received in the remaining antenna elements 
ANT2, ANTS and ANT4. 

The following equation (8-1) expresses an amplitude fluctuation 
25 quantity AR21 between transmission and receiving of the signal received in 

the signal processing cii;cuit 20 .through the ~tenna eiement ANT2, the 
antenna sharer SW2 and the receiving circuit RX2: 

AR21 =ATXI*Al2*ARX2 ···(8-1) 
Similarly, the following equation (8-2) expresses an amplitude 

SO fluctuation quantity AR31 between transmission and receiving of the signal 
received in the signal processing circuit 20 through the antenna element 
ANTS, the antenna sharer SW3 and the receiving circuit RX3: 

ARSl =ATX1*Al3*ARX3 ... (8-2) 
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Similarly, the following equation (8-3) expresses an amplitude 
fluctuation quantity AR41 between transmis.sion and receiving of the signal 
received in the signal processing ·circuit 20 through the_ antenna element . 
ANT4, the antenna sharer SW 4 and the receiving circuit RX4: 

5 AR41 = ATX1*A14*ATX4 ···(8-3) 
The equation (8-1) is divided by the equation (8-.2): 

10 

15 

AR21/AR31 = ARX2/ARX3*(Al2/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 equ~tion (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 remaining antenna elements 
ANTl, ANT3 and ANT4. 

20 The following equation (8-7) expresses an amplitude fluctuation 

25 

30 

quantity AR12 between transmission and receiving of the signal received in 
the signal processing circuit 20 through the antenna element ANTl, the 
antenna sharer SWl and the receiving circuit RXl: 

AR12 =ATX2*A12*ARX1 "'(8-7) 
Similarly, the following equation (8-8) expresses ~ amplitude . 

fluctuation quantity .AR.32 between tlansmisSion and receiving of the sigllaI 
received in the signal processing circuit 20 through the antenna elelll:ent 
ANT3, the antenna sharer SW3 and the receiving circuit RX~: 

AR32 = ATX2 *A23 *ARX3 " 0 (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 
ANT4, the antenna sharer SW 4 and the receiving circuit RX4: 
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AR42=ATX2*A24*ARX4 
The equation (8-7) is divided ~y the equation (8-8): 

AR12/AR32 = ARX1/ARX3*(A12/A23) 
(ARX1/ARX3) = (AR12/AR32)/(A12/A23) 

···(8-9) 

···(8-10) 
5 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/ARxl * (A24/A12} . 

10 (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 ANTS through the transmission circuit TX3 and 
the antenna sharer SW3, and received in the remaining antenna elements 

15 ANTl, ANT2 and ANT4. 

20 

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 ANTl, the 

antenna sharer SWl and the receiving circuit RXl: 

AR13 =ATX3*Al3*ARX1 ···(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 
ANT2, the antenna sharer SW2 and the receiving circuit RX2: 

25 AR23 = ATX3 *A23 *ARX2 ·· ·(8-14} 
Similarly, the following equation (8-15) ejq)resses 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 SW 4 and the receiving circuit RX4: 

30 AR43 =ATX3*A34*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) 
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Similarly, the equation (8-14) is divided by the equation (8-15): 
AR23/AR43 = ARX2/ARX4 * (A23/A34) . . . . . 

(ARX2/ARX4) = (AR23/AR43)/(A23/A34) ···(8-17). 

Similarly, the equation (8-15) is subtracted from the equation (8-13): 
5 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 

10 the antenna sharer SW 4, and received in the remaining antenna elements 
ANTl, ANT2 andANT3. 

15 

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 ANTl, the 
antenna sharer SWl and the receiving circuit RXl: 

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 

20 ANT2, 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 

25 ANT3, the antenna sharer SW3 an_d the receiving circuit RX3: 
AR34 = ATX4*A34*ARX3 ···(8-21) 
The equation (8-19) is divided by the equation (8-20): 

AR14/AR24 = ARX1/ARX2 * (A14/A24) 
(ARX1/ARX2) = (AR14/AR24}/(A14/A24) ···(8-22) 

30 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) 
(ARX1/ARX3) = (AR14/AR34)/(A14/A34) ··-(8-24) 

@·The difference (ARX1/ARX2) between the amplitude fluctuation 
· quantities of the signals received in the antenna elements ANTI and ANT2 

5 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 

10 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: 

15 (ARX1/ARX2) = [{(AR14/AR24)f(A14fA24)} + 
{(AR13f AR23)f(A13f A23)}]/2 · · :(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 
20 (ARX1f ARX2) is calculated. 

® The difference (ARX2f ARX3) between the amplitude fluctuation 
quantities of the signals received in the antenna elements ANT2 and ANTS 
is calculated. 

While the difference (ARX2/ARX3) is found from each of the above 
25 equations_ (8-4) and (8-23), these equations are averaged in order to fu:t:ther 

· improve the accuracy: · 

(ARX2/ARX3) = [{(AR21/AR31)/(A12/A13)} + 
{(AR24/AR34)/(A241A34)}]/2 ···(8-26) 

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

30 values previously calculated from the distance between the antenna 
elements, and hence the value of the difference (ARX2/ARX3) is calculated. 

<V The difference (ARX3/ARX4) between the amplitude fluctuation 

quantities of the signals received in the antenna elements ANTS and ANT4 
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5 

is calculated. 
· While the difference (ARX3/ARX4) is found from each ·of the above 

eq~ations (8-5) and (8-11), these equations are averaged in order to further 
improve the accuracy: 

(ARX3/ARX4) = [{(AR31/AR41)/(A13/A14)} + 
{(AR32/AR42)/(A23/A24)}]/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. 

10 ® The difference (ARX4/ARX1) between the amplitude fluctuation 

. 15 

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/i\13)}]/2 "

0 (8-28) 

The right side of this equation is found from measured values and 
values previously calculated from the distance between the antenna 

20 elements, and hence the value of the difference (ARX4/ARX1) is calculated. 
® The receiving response vector is obtained. 
Assuming that AR(l) = ARXl, AR(2) = ARX2, AR(3) = ARX3 and 

AR(4) = ARX4 represent the amplitude fluctuation quantities of the signals 
received by the antenna elements ANTI to ANT4 of the four transmission 

25 systems respectively, a vector R having AA:(l), AR(2), AR(3) and AR(4) as 
·components is the· receiving response vector of amplitude data .. 

While the differences between the amplitude fluctuation quantities 
are specifically calculated as the values (ARxl/ARX2), (ARX2/ARX3), 
(ARX3/ARX4) and (ARX4/ARX1) through measured values etc. as found in 

30 the above equations (8-25) to (8-28), the information is still insufficient for 
recognizing the values of the individual amplitude fluctuation quantities 
AR{l}, AR(2), AR(3) and AR(4). 

When setting the amplitude fluctuation quantity, e.g., AR(l), of any 
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transmission system to a reference value 1, the amplitude fluctuation 
quantities of the remaining transmission systems can be individually 
cal~ulated from the aforementioned calculated values of tlie differences~ 
When setting AR(l} = 1, for example, 

5 AR(l)/AR(2) = (ARX11ARX2) results in 
AR(2) = AR(l}/(ARX1/ARX2), 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 

10 the basis of the aforementioned measured values of the differences. 
Similarly, AR(3)/AR(4) = (ARX3/ARX4) :r;esults 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 

15 system to 1 as hereinabove described, the amplitude fluctuation quantities 
of the remaining transmission systems· are individu.ally found and it follows 
that the receiving response vector of amplitude data is obtained as a result. 

20 

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

(i) As to AR(4)/AR(l) = (ARX4/ARX1), 

AR(l) = 1 is set and hence AR(4)/(ARX4/ARX1) must originally be 
substantially 1 if the measurement is correctly performed. 

Therefore, rtmp = I AR(4)/(ARX4/ARX1) - 11 is set for determining 
that the measurement is erroneous if rtmp is ~ excess of an error threshold. 

25 (ii) Then, the above equations (8-10) and (8-24) are averaged for 
finding the difference (ARX1/ARX3) between the amplitude fluctuation · 
quantities of the antenna elements ANT 1 and ANT 3. 

(ARX1/ARX3) = [{{AR12/AR32)/(Al2/A23)} + 
{(AR14/AR34)/(A14/A34)}]/2 

30 _A12 = A23 = A34 = A14 hold, and hence: 
(ARXliARX3) = {(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(l)/AR(3) = (ARX1/ARX3), 
{AR(l)/AR(3)}/(ARX1/ARX3) must originally be substantially 1 if th~ 

measurement is correctly performed. 
Therefore, rtmp·= I {AR(l)/AR(3)}/(ARX1/ARX3)- 11 is set for 

5 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. 

10 (ARX2/ARX4) = [{(AR23/AR43}/(A23/A34)} + 
{(AR21/AR4 l}/(A12/ Al4}}]/2 

A12 = 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 

15 hence the value (ARX2/ARX4) is calculated. 
While AR(2)/AR(4) = (ARX2/ARX4), 
{AR(2)/AR(4)}/(ARX2/ARX4) must originally be substantially 1 if the 

measurement is correctly performed. 
Therefore, rtmp = I {AR(2)/AR(4)}/(ARX2/ARX4) - 11 is set for 

20 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. 
25 <D The difference (ATX1/ATX2) between the amplitude fluctuation 

quantities· of the transmitted signals of the antenna elements ANTl and 
ANT2 is calculated. 

The above equation (8-2) is divided by the equation (8-8): 
AR31/AR32=ATX1/ATX2 * (A13/A23) 

30 (ATX1/ATX2) = (AR31/AR32)/(A13/A23) ... (8-29) 
Siriiilarly, the equation (8-3) is divided by the equation (8-9): 
AR41/AR42 = ATX1/ATX2 * (A14/A24) 
(ATX11ATX2) = (AR41/AR42)/(A14/A24) ···(8-30) 
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5 

While the difference (ATX1/ATX2) is found from each of the above 

equations (8-29) and (8-30), these equations are averaged in order to 

further ·improve the accuracy: 

(ATX1/ATX2) = [{(AR31/AR32)/(A13/A23)} + 
{(AR41/AR42)/(A14/A24)}]/2 ···(8-31) 

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

values previo-µsly 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 

10 quantities of the _transmitted signals of the antenna elements ANT2 and 

ANT3 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) 00 ·(8-32) 

15 Similarly, the equation (8-9) is divided by the equation (8-15): 

20 

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/AR43)/(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 

25 elements, an4 hence the value of the difference (ATX2/ATX3) is calculated. 

@ The difference cA'l'X3/ATX4) between the amplitude fluctuation 

quantities of the transmitted signals of the antenna elements ANTS and 

ANT4 is calculated. 

The above equation (8-13) is divided by the equation (8-19): 

30 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*(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)/(Al3/Al4)} + 
{(AR23/AR24)/(A23/A24)}]/2 ···(8-37) 

The right side of this equation is found from measured values and 
values previously calculated from the distance between the antenna 

10 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 
ANTl is calculated. 

The above equation (8-20) is divided by the equation (8-1): 
15 AR24/AR21 = ATX4/ATX1 *(A24/Al2) 

(ATX4/ATX1) = (AR24/AR21)/(A24/A12) · · ·(8-38) 
Similarly, the equation (8-21) is divided by the equation (8-2): 

AR34/AR31 = ATX4/ATX1 * (A34/A13) 
(ATX4/ATX1) = (AR34/AR31)/(A34/A13) ···(8-39) 

20 While the difference (ATX4/ATX1) is found from each of the above 
eqµ.ations (8-38) and (8-39), these equations are averaged in order to 
further improve the accuracy: 

(ATX4/ATX1) = ({{AR24/AR21)/(A24/Al2)} + 
{(AR34/AR31)/(A34/A13)}]/2 ""(8-40) 

. 25 The right side of this equation is found from measured val~es and 
. . . . . 

values previously calculated from the distance between the antenna . 
elements, and hence the value of the difference (ATX4/ATX1) is calculated. 

@ The transmission response vector is obtained. 
Assuming that AT(l) = ATXl, AT(2) = ATX2, AT(3) = ATX3 and . 

30 AT(4) ATX4 represent the amplitude fluctuation quantities of the signals 

transmitted .by the antenna elements ANTl to ANT4 of the four 
transmission systems respectively, a vector T having (AT(l}, 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 specifically calculated as the values (ATX1/ATX2), (ATX2/ATX3),. 

· ·(ATX3/ATX4) and (ATX4/ATX1) through measured values as found.iii the 
above equations (8-31), (8-34), (8-37) and (8-40), the information is still· 

5 insufficient for recognizing the values of the individual amplitude 
fluctuation quantities AT(l), AT(2), AT(3) and AT(4). 

When setting the amplitude fluctuation quantity, e.g., AT(l), of any 
transmission system to a reference value 1, the amplitude fluctuation 
quantities of the remaining transmission systems can be individually 

10 calculated from the aforementioned calculated values of the differences. 
When setting AT(l) = 1, for example, 

AT(l)/AT(2) = (ATX1/ATX2) results in 
AT(2) = AT(l)/(ATX1/ATX2), and the value AT(2) is calculated on the 

basis of the aforementioned measured values of the differences. 
15 Similarly, AT(2)/AT(3) = (ATX2/ATX3) results in 

AT(3) = 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 

20 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 

25 . as a result. 
Some methods of testing whether or not the aforementioned results· 

of measurement are erroneous are now described. 
(i) As to AT(4)/AT(l) = (ATX4/ATX1), 
AT(l) = 1 is set and hence AT(4)/(ATX4/ATX1) must originally be · 

30 substantially 1 if the measurement is correctly performed. 
Therefore, rtmp = IAT(4)/(ATX4/ATX1) - 11 is set for determining 

that the measurement is erroneous if rtmp is in excess of an error threshold. 
(ii) Then, the difference (ATX1/ATX3) between the amplitude 
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fluctuation quantities of the antenna elements ANT 1 and ANT 3 is 
.obtained. 

The.equation (8-1) is divided by the equation (8-14): 
AR21/AR23 = ATX1/ATX3 * (A12/A23) 

5 (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: 

10 (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 

15 hence the value (ATX1/ATX3) is calculated. 
While AT(l)/AT(3) = (ATX1/ATX3), 
{AT(l)/AT(3)}/(ATX1/ATX3) must originally be substantially 1 if the 

measurement is correctly performed. 
Therefore, rtmp = I {AT(l)/AT(3)}/(ATX1/ATX3) - 11 is set for 

20 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): 
25 AR12/AR14 = ATX2/ATX4*(A12/Al4} 

(ATX2/ATX4) = (AR12/AR14}/(A12/Al4} · · · (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) . 

30 The equations (8-43) and (8-44) are averaged: 
(ATX2/ATX4) = [{(AR12/AR14)/(A12/A14)} + 

{(AR32/AR34)/(A23/A34)}]/2 
A12 = A23 = A34 = A14 holds, and hence·: 
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(ATX2/ATX4) = {(AR12/AR14) + (AR32/AR34)}/2 
The right side of this equation is found from· measured valµes; and . 

hence the value (ATX2/ATX4) is calculated. 
While AT(2)/AT(4) = (ATX2/ATX4), 

5 {AT(2)/AT(4)}/(ATX2/ATX4) must originally be substantially 1 if the 
measurement is correctly performed. 

Therefore, rtmp = I {AT(2)/AT(4)}/(ATX2/ATX4) - 11 is set for 
determining that the measurement is erroneous if rtmp is in excess of an 
error threshold. 

10 (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(l), AT(2), AT(3) andAT(4) of the 

15 transmission response vector AT from ·the amplitude fluctuation quantities 
AR(l}, 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 

20 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 

25 transmission system and a received signal measured therein in a radio 
apparatus ~cluding a plurality of transmission syste~s, ~hereby ... 
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 · 

30 measuring circuit. 
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CLAIMS 
' \11111\ \1\11\ 111\11\1111\ \Ill 

* C L M S * 

1. A radio apparatus capable of calibrating transmission 
characteristics, comprising: 

5 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 

10 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 

15 received in said receiving circuit of said 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 
20 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 ~aid n signal 
transmission systems on the basis of said signals stored in said storage 
means. 

25 

30 

2 .. ·The radio app~atus aceording to claiin.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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I lllllll llllll lllll lllll II llll,: 
* C L M S * , 

3. The radio apparatus according to claim 1, further comprising 
calibration means (ATT) ~alibrating said amplitude fluctuation quantity so 
that differences in amplitude fluctuatfon quantities between said 
transmission circuits and said receiving circuits of said n signal 

5 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 l, wherein said control 
10. 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 
15 means performs control for receiving said.known signal transmitted from 

said transmission circuit of each of said n signal transmission systems ill 
said receiving circuits of said signal transmission systems, included in said 
n signal transmission systems, other than said signal transmission ~ystem 
transmitting said known signal. 

20 
6. The radio 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. 

25 7. The radio apparatus according to claim 5, wherein said control 
means simultaneously performs transmission 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 
30 processing means includes: 

means (IMP) dividing each of signals received in said receiving circuit 

of each of s~d signal transmission systems from said respective 
transmission circuits of said signal transmission systems by said known 
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signal, and 

· means (SP) extracting a phase component and an amplitude 
component of each ~ignal obtained by said division, and 

said arithmetic means includes: 
5 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, 

10 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 

15 systems, and 

20 

ineans 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. 

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 

25 signal, and 

30 

means (SP) calculating the natural logarithm ··of each signal obtained 
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· 

5 said signal transmission systems and said real parts separated by said 

10 

respective signal processing means of said signal transmission systems, and 
means solving said first and second simultaneous linear equations 

for calcuiating 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 

15 from said respective transmission circuits of said signal transmission 
systems and separating said natural logarithm into an 1maginary 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 

20 said known signal from said separated imaginary part, and 

25 

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 ~ultaneous linear equations consisting of . . 

. unkno~ 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 pr:ocessing means of said signal 

30 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 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 
5 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 

10 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 said receiving circmt 
15 . of each of said signal transmission systems from said respective 

transmission circuits of said signal tr~smission systems by said known 
signal, 

20 

means (TA) time-averaging each of signals obtained by said division, 
and 

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 

25 unknown variables related to phase rotation quantiti.e.s 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 
30 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 calculating 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 
transmission cixcuits of said signal transmission systems by said known 

10 signal, 

15 

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 cixcuits and said respective receiving circuits of said signal 
transmission systems and said phase components time-averaged by said 

20 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 reSJ>ective receiving circuits of 
said signal transmission systems and said amplitude components time-

25 averaged by said respective signal processing means of said signal 
transmission·systems, and 

30 

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. 

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 said respective signal transmission systems by said 
known ·signal, 

means (SP) calculating the natural logarithm of each signal obtained 
5 by said division and separating said natural logarithm into an imaginary 

part and a real part, and 

10 

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 

unknqwn 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, 

15 means deriving second simultaneous linear equations consisting of 
unkllown. variables rel.ated 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 

20 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 
25 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, 

30 means (LC) calculating the natural logarithm of each signal obtained 
by said division, 

means (TA) time-averaging each signal obt_ained 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 

5 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 
10 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 
15 for calculating information related to said phase rotation quantities and · 

said amplitude fluctuation quantities as said unknown variables. 

16. The radio apparatus according to claim 11, wherein said signal 
processing means includes: 

20 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, 

25. means (TA) time-averaging each of said separated imaginary part 
and said separated 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 time-averaged imaginary part, and 

30 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 variables related to phase rotation quantities of said respective 
transmission circuits and said respective receiving circuits of said signal . 
transmission systems and imaginary parts obtafued through sai,d first 

5 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 

10 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 

15 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 
20 received in said receiving circuit of each of said signal transmission systems 

from said respective transmission circuits of said signal transmission 

25 

systems, 
means (TA) time-averaging each signal obtained by calculation of the 

natural logarithm, 
means (IQ) separating said time-averaged signal into ~ 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 

30 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: 

- 113 -



111111111111111111111111111111 
* C L M S * 

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 

5 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 

10 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 

15 said amplitude fluctuation quantities as said unknown variables. 

20 

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, wherein 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 

25 from said respective transmi.~sion circuits of said _signal transmission. 
systems and said known signal, and 

30 

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 tran$missfon systeins, 

·means deriving second simultaneous linear equations consisting of 
unknown variables related to amplitude :fluctuation quantities of said 

5 · 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 

10 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 

15 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_ 

20 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 

25 and employs selected said equations for calculating said unknown variables 
when the number of equations forming each said simultaneous lliie.ar 
equations is greater than the number of equations necessary for calculating 
said unknown variables. 

30 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 appar!itus 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 

5 transmission circuit or said receiving circuit of each said signal 
transmission system. 

24. A calibration method for a radio apparatus comprising n (n: 
integer greater than or equal to 3) signal transmission systems each 

10 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 

15 signal transmission systems included in said 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; 

20 storing signals obtained by said signal processing in said plurality 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 

25 receiving circuit of each ·of said n signal transmission systems on the basis 
of said stored signals; 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 

30 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 receiying circuits of all _said n 
signal transmission systems. 

5 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 receiving circuits of said signal 
transmission systems, included in said n signal transmission systems, other 

10 than said signal transmission system transmitting said known signal . 

. 2 7. The calibration method according to claim 24, wherein said step 
of performing control includes a step of serially performing transmission of 
said signal from said transmission circuit of each of said n signal · 

15 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 

20 transmission systems. 

25 

30 

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 t~ansmission 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 

5 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 

10 step in response to the power of a signal input in said transmission circuit 
or said receiving Ql'cuit of each said signal transmission system. 

33. A radio apparatus capable of calibrating transmission 
characteristics, comprising: 

15 four signal transmissiQn 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; 

20 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 

25 transmission to receiving of said signal for each of said signal tr~mission 
systems recaving said ~gnal; 

means calculating the differe~ce between phase rotation quantities 
of said receiving circuits of each pail.' of said s:lgnal transmission systems 
adjacent to each other on said square on the basis of said measured phase 

30 rotation quantities; 
means setting a phase rotation qu_antity 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 quantities 

of said transmission circuits of each pair of said sigiiaI transmission 
systems adjacent to each other on said square on the basis of said measured 

5 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; 

10 and 

15 

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. A radio 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 
20 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 0£ said four signal transmission systems 
and receiving said signal in said receiving circuits of remaining said signal 

25 transmission systems excluding said signal transmission system 
transmitting said sigrial for measuring an amplitude fluctuation quantity 
from transmission to receiving of said signal for each of said signal 
transmission systems receiving said signal; 

means calculating the difference between amplitude fluctuation 
30 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 

- 119 -



\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ ,,I\ . 
* t L M S 

circuit of any one of said four signal transmission systems tO a prescribed 
reference value thereby calculating an amplitude fluctuation quantity of 
said receiving circuit. of e~ch of remalli.i.llg said signal transmission 
systems; 

5 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 
10 transmission circuit of any one of said four signal transmission systems to a 

prescribed refei;ence 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 
15 . 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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