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210\/
’ /—215

COVER ALL INTERFERING ELEMENTS 41 WHICH ARE PRESENT
DURING CALIBRATION RATIO ACQUISITION BUT ABSENT IN THE
OPERATIONAL STAGE, WITH RF RADIATION ABSORBING MATERIALS

¢ /—220

INJECTION UNIT 33 INJECTS INTERNAL CALIBRATION SIGNAL INTO
ANTENNAE 31 ‘

| ; , r—ZBO
INTERNAL CALIBRATION SIGNAL INJECTED IN STEP 220 1S
RECEIVED BY TRANSCEIVERS 32, MEASURED (AMPLITUDE &
PHASE) BY UNIT 36 AND PROCESSED BY ELECTRO-MAGNETICALLY
COUPLED STRUCTURE-ACCOMMODATING CALIBRATION RATIO
‘ COMPUTER 38

; 240

RF SOURCE 36, NEARBY ANTENNA, INJECTS EXTERNAL CALIBRATION
SIGNAL INTO ANTENNAE 31

; /“‘250

EXTERNAL CALIBRATION SIGNAL INJECTED IN STEP 240 IS
RECEIVED BY TRANSCEIVERS 32 & MEASURED (AMPLITUDE &
PHASE) BY UNIT.36 AND PROCESSED BY ELECTRO-MAGNETICALLY
COUPLED STRUCTURE-ACCOMMODATING CALIBRATION RATIO
COMPUTER 38 IN PARALLEL. THE DISTANCE OF RF SOURCE 36 TO
ANTENNA 31 IS MEASURED USING THE DISTANCE MEASUREMENT
UNIT 37

‘ f—‘—ZGO

USING RF SIMULATION TOOL 42, CREATE SAME SETUP AS WAS
USED FOR EXTERNAL. MEASUREMENT STEP 250
(NEAR ZONE CONFIGURATION)

#

To FIG. 4B, step 270

FIG. 4A
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From FIG. 4A, step 260

270
-

USING RF SIMULATION TOOL 42, CREATE SETUP FULFILLING
FAR-FIELD CONDITIONS, FOR EACH ELEMENT OF THE INTERFERING
STRUCTURE 41 (FAR ZONE CONFIGURATION)

; /——280

IUSING RF SIMULATION TOOL 42 AND FORMULA 8, COMPUTE
INDUCED CURRENTS ON THE INTERERING STRUCTURE 41 FOR THE
NEAR ZONE CONFIGURATION, FOR EACH SIGNIFICANT PORTION OF

STRUCTURE 41

29
/"0

USING RF SIMULATION TOOL 42 AND FORMULA 8, COMPUTE
" INDUCED CURRENTS ON THE INTERFERING STRUCTURE 41 FOR
THE FAR ZONE COFIGURATION, FOR EACH SIGNIFICANT PORTION
OF STRUCTURE 41
’ 300
—

USING RF SIMULATION TOOL 42, COMPUTE ELECTROMAGNETIC
FIELDS RESULTING FROM NEAR ZONE INDUCED CURRENTS FOR
EACH SIGNIFICANT ELEMENT OF THE INTERFERING STRUCTURE 41 |
COMPUTED IN STEP 280 ’

‘ /“31 0
USING RF SIMULATION TOOL 42, COMPUTE ELECTROMAGNETIC
FIELDS RESULTING FROM FAR ZONE CONFIGURATION INDUCED

CURRENTS FOR EACH SIGNIFICANT ELEMENT OF THE INTERFERING ‘
STRUCTURE 41 COMPUTED IN STEP 290

; 320
USING RF SIMULATION TOOL 42, COMPUTE TOTAL FIELDS FOR
 NEAR ZONE CONFIGURATION BY SUMMING ALL INDUCED FIELDS,
OVER ALL THE SIGNIFICANT ELEMENTS OF THE INTERFERING
STRUCTURE 41, AND THE FIELDS FROM THE RF SOURCE 35

4

To FIG. 4C; step 330

FIG. 4B
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From FIG. 4B, step 320

f_330
USING RF SIMULATION TOOL 42, COMPUTE TOTAL FIELDS FOR FAR
ZONE CONFIGURATION

| —

USING RF SIMULATION TOOL 42, SAMPLE TOTAL FIELDS AT THE
SPAT&AL POSITION OF EACH ANTENNA ELEMENT IN ARRAY 31 FOR
NEAR ZONE CONFIGURATION

—350
—

USING RF SIMULATION TOOL 42, SAMPLE TOTAL FIELDS AT THE
SPATIAL POSITION OF EACH ANTENNA ELEMENT IN ARRAY 31 FOR
4 FAR ZONE CONFIGURATION '

360
—

CORRECTION FACTOR COMPUTATION UNIT 43 COMPUTES
CORRECTION FACTOR AS RATIO OF TOTAL FIELDS COMPUTED AT
NEAR ZONE AND. FAR ZONE CONFIGURATIONS, SAMPLED AT
SPATIAL POSITION OF EACH ANTENNA ELEMENT 31 IN ARRAY 25

3
['-‘70

CALIBRATION RATIO COMPUTER 38 COMPUTES PHASE OF
CALIBRATION RATIO FOR EACH ANTENNA ELEMENT IN ARRAY 31,
BY SUBTRACTING THE MEASURED VALUES OF THE INTERNAL
CALIBRATION SIGNAL FROM THOSE OF THE EXTERNAL
CALIBRATION SIGNAL AND ADDING PHASE OF CORRECTION '

FACTOR COMPUTED IN STEP 360

0
f“38

CALIBRATION RATIO COMPUTER 38 COMPUTES AMLPITUDE OF
CALIBRATION RATIO FOR EACH ANTENNA ELEMENT IN ARRAY 31, BY
SUBTRACTING THE MEASURED VALUES OF THEINTERNAL
CALIBRATION SIGNAL FROM THOSE OF THE EXTERNAL CALBRAT!ON
SIGNAL AND ADDING AMPLITUDE OF THE CORRECTION FACTOR
COMPUTED IN STEP 360

; /——385

CALIBRATE THE ANTENNA USING THE CALIBRATION RATIO (PHASE
AND AMPLITUDE) AS DEFINED IN STEP 370 AND 380

390\_./‘ FIG. 4C
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f—410
Perform steps 210 - 230 of fig. 4A
[———420
Perform steps 240 and 250 of Fig. 4A a plurality of times
e.g. 3-10 times
/’“430
Perform steps 260-360 of Figs. 4A-4C
/““440

Perform steps 370 and 380 of Fig. 4C a plurality of times
such as but not limited to 3-10 times based on step 250 as
performed a respective plurality of times in step 420

B -

Average the plurality of results obtained by repeating steps
370 and 380 in step 400 to obtain final phase and
amplitude values respectively

460
[

Calibrate the antenna using the final phase and amplitude
values found in step 450

FIG. 8
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500
/__

Perform steps210-380 of the method of figs. 4A-C including
performing each of steps 240-260, 280, 300, 320, 340,
360-380 a plurality of imes such as but not limited to 2-4
times using a corresponding plurality of different positions for
f source 35 which may be a few meters apart

510
/_..

Average the plurality of phase results obtained by repeating
step 370 in step 500, o obtain final phase values

/——515

Average the plurality of amplitude results obtained by repeating
step 380 in step 510, to obtain final amplitude values

l r——SZO

Calibrate the antenna using the final phase and amplitude
values found in steps 510 and 515 respectively

FIG. 9
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600
r_~

Perform steps 410-450 of fig. 8 for each of several positions of
source 35 relative to the antenna

610 -
f—

Average over several final phase values obtained in the
several respective renditions of step 450 of fig. 8 to obtain an
output phase value

620
f__

Average over several final amplitude values obtained in the
several respective renditions of step 450 of fig. 8 to-obtain an
output amplitude value

- —630
—

Calibrate the antenna using the output phase and
amplitude values found in steps 610 and 620 respectively

FIG. 10
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