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AGENDA

= Part 1 — EM background

= Part 2 — Antenna Measurement

= Part 3 — Near-Field Technigues
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PART 1
EM BACKGROUND FOR ANTENNA

CHARACTERIZATION

= OBJECTIVES

= [INTRODUCTION TO ANTENNA CHARACTERIZATION
= THE TRANSMISSION MODE

= THE RECEIVING MODE

= THE ANTENNA AS AN ANGULAR LINEAR FILTER

= CONCLUSIONS
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OBJECTIVES 1/2

= ANTENNA BASICS FOCUSED ON CHARACTERIZATION
TECHNIQUES

= NEW CHARACTERIZATION TECHNIQUES ARE REQUIRED TO

FACE WITH AN INCREASING COMPLEXITY OF ANTENNAS, IN
TERMS OF:

— STRUCTURE,
— FONCTIONALITY
— ENVIRONMENT
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OBJECTIVES 2/2

= A SIGNIFICANT ELECTROMAGNETIC BACKGROUND, INVOLVING
APPROPRIATE CONCEPTS AND FORMULATIONS, IS REQUIRED
FOR:

— UNDERSTANDING ADVANCED ANTENNA
CHARACTERIZATION TECHNIQUES

— DEVELOPPING A COMPREHENSIVE AND QUANTITATIVE
ANALYSIS OF THESE TECHNIQUES

— COMPARING THESE TECHNIQUES TO MORE STANDARD
APPROACHES

— SELECTING AND OPTIMIZING THE MOST APPROPRIATE
TECHNIQUE FOR A SPECIFIC APPLICATION
(e.g. VEHICLE COMMUNICATION)
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INTRODUCTION TO ANTENNA CHARACTERIZATION
THE ANTENNA AS AN INTERFACE

ELECTRONIC
CIRCUIT

COMPONENTS,
GUIDING
STRUCTURES,
ETC

ANTENNA

TRANSMISSION

VOLTAGE,
CURRENT,
IMPEDANCE,

TRANSFER FONCTION,

ETC..

SIGNALS...
UNDER CONTROL
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RECEPTION

PROPAGATION
SPACE

“FREE-SPACE",
FLAT GROUND,
SHARP MOUNTAIN,
URBAN,
INTRA-MUROS,
ETC...

EM FIELD DISTRIBUTION
(NEAR TO FAR),
GLOBAL QUANTITIES

WAVES...
OUT OF CONTROL
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L - INTRODUCTION TO ANTENNA CHARACTERIZATION

PRELIMINARY REMARKS 1/2

= TRANSMITTING AND RECEIVING MODES ARE (USUALLY)
RELATED VIA RECIPROCITY

= BOTH MODES MAY BE INVOLVED IN ANTENNA
CHARACTERIZATION

- TRANSMITTING MODE: NEAR-FIELD FACILITY
- RECEIVING MODE: LONG & COMPACT RANGES

= IN CHARACTERIZATION TECHNIQUES, FREE SPACE
ENVIRONMENT PLAYS A PARTICULARLY IMPORTANT
(REFERENCE) ROLE:

- (RELATIVELY) EASY TO REALIZE

- CONSTITUTES A REALISTIC SIMPLIFICATION OF LINE
OF SIGHT TRANSMSISSION MODALITIES

- PROVIDES MOST OF THE QUANTITIES REQUIRED FOR
PREDICTIONS IN MORE COMPLEX ENVIRONMENTS
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INTRODUCTION TO ANTENNA CHARACTERIZATION
PRELIMINARY REMARKS 2/2

= ANTENNA CHARACTERIZATION CAN BE PERFORMED VIA:
- NUMERICAL MODELING
- EXPERIMENTS (DIRECT APPROACH)

- COMBINING MEASUREMENTS AND PROCESSING
(INDIRECT APPROACH)
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INTRODUCTION TO ANTENNA CHARACTERIZATION
NUMERICAL MODELING VS EXPERIMENT

NUMERICAL MODELING

APPLY TO MODELS

NEEDS CODE + COMPUTER FOR
CALCULATING

FIELD DISTRIBUTION, CURRENT,
IMPEDANCE ...
CODE LIMITATIONS

(STRUCTURE, DIMENSION, FREQUENCY
BAND,...)

COMPUTER LIMITATIONS
(TIME, MEMORY)
FLEXIBILITY IN:
- MOVING THE OBSERVATION POINT
- CHANGING PARAMETERS
- INVESTIGATING SENSITIVITIES
- MODIFYING EXCITATIONS
REQUIRED FOR DESIGN OPTIMIZATION

EXPERIMENT

APPLY TO TRUE EQUIPMENT

NEEDS PROBE, RECEIVER,
ENVIRONMENT...

FOR MEASURING FIELD DISTRIBUTION,
POWER, IMPEDANCE, ETC.

RESULTING LIMITATIONS IN
ACCURACY,SPEED...

REQUIRES ERROR
COMPENSATION/CALIBRATION

FLEXIBILITY IN INVESTIGATING REAL

PARAMETERS NOT ACCESSIBLE VIA
MODELING

SUITABLE FOR VALIDATING CODES

REQUIRED FOR FINAL, ROUTINE...
TESTING

NEED FOR HYBRID TECHNIQUES COMBINING ADVANTAGES
OF NUMERICAL AND EXPERIMENTAL APPROACHES
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INTRODUCTION TO ANTENNA CHARACTERIZATION

OPTIMIZATION OF THE CHARACTERIZATION PROCESS

= OPTIMIZATION PARAMETERS:
ACCURACY, RAPIDITY, FLEXIBILITY, COST, ETC.

= COMBINING ADVANTAGES EXPERIMENTS AND NUMERICAL PROCESSING:
- MINIMIZING THE DATA ACQUISITION STEP ON TRUE EQUIPMENT

- MAXIMIZING THE DATA PROCESSING STEP, TAKING PROFIT OF
COMPUTER FLEXIBILITY

COMPLEX

ANTENNA ENVIRONMENT

MEASUREMENTS

FREE SPACE
WAVEFRONT — V
PROCESSING

COMPLEX
ENVIRONMENT
PREDICTIONS

— EXPERIMENT NUMERICAL PROCESSING
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INTRODUCTION TO ANTENNA CHARACTERIZATION
SEVERAL WAYS
FOR CHARACTERIZING THE RADIATED FIELD

TRUE EQUIVALENT
CURRENTS CURRENTS MODES RAYS
(ELECTRIC) (ELECTRIC+MAGNETIC)

2T T

CURRENT INTEGRATION

MODAL EXPANSION RAY SUMMATION

* INTEGRAL FORM FOR E AND H

* ARBITRARY SHAPE

* IMPLICIT DEPENDENCE E vs H

* CURRENTS DEDUCED FROM EFIE
OR MFIE VIA MOMENT METHODS

e LIMITED NUMBER OF EFFECTIVE
MODES

e ONLY SIMPLE SHAPES

* EXPLICIT DEPENDENCE E vs H

= MODE COEFFICIENTS DEDUCED
FROM MODE MATCHING TECHNIQUES

e LIMITED NUMBER OF EFFECTIVE
RAYS

e ONLY ASYMPTOTICS I->0

* EXPLICIT DEPENDENCE E vs H

* RAYS DEDUCED FROM REFLEXION
AND DIFFRACTION COEFFICIENTS
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THE TRANSMITTING MODE
THE CASE OF ELECTRICALLY SMALL ANTENNAS

L <A

AT.2 /)

FAR-FIELD |
* LOCAL PLANE WAVE

- TRANSVERSE EM FIELD
A/(2m) - FREE SPACE IMPEDANCE

REACTIVE ZONE

* EVANESCENT CONTENT
(QUASI-STATIC)

* REACTIVE POWER

* RADIAL COMPONENTS

* NON-FREE SPACE IMPEDANCE
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THE TRANSMITTING MODE

D2/2) 2D2?/\
©
c -
c - ;
g 5 5
< + :
Rayleigh Fresnel Fraunhofer
zone : zone : zone
€—-———— = ——— - P m e — - >

Near-field Far-field
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THE TRANSMITTING MODE
FAR-FIELD DISTANCE CRITERIUM

fé\ DIMENSION OF THE AUT
-~ LMAX 3m 2m 1m
100 T_ZT 7 7
LZ) /:/ L P 0.3m
= A %8
U_’) ////:( E// /
a !
r 10 // | v //
. // // 17" //
o // L /
T : l
= 1Lz L
0,1 1 10 100

FREQUENCY (GHz)
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THE TRANSMITTING MODE
CIRCUIT & FAR-FIELD CHARACTERISTICS

EQUIVALENT SCHEME RADIATED FAR-FIELD (r,u)

|
1 RADIATING H(r,u)
L - “lin ANTENNA
gen
|
() W |
— LARIZATION
GENERATOR |  ANTENNA ELLIPSE
' +
PROPAGATION
SPACE E(r,u) = 1/h H(r,u)xu
-j kr
E (rl u) = e F (U.)
r
Z;. INPUT IMPEDANCE F() VECTOR RADIATION
CHARACTERISTIC

(SAF)
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THE TRANSMITTING MODE
FAR-FIELD QUANTITIES OF PRACTICAL RELEVANCE

F(u)dim {r e B u) } radiaton vectar characteristic
> oC in direction u (V/m)
(Spherical Angular Function)

® g(u)= F'¥/2n radiated power density per urit solid
angle in direction u (W/std)

® W. =/l o dQ(u) tctal radiated power (W)
° W, applied active power (W)
* W, =MW, N: radiaton efficiency
eD(u =41 c(uMNr directivity

e G(u =41 c(uMa gain G(u) =n D(u

[ pn Gw) dQ(uw)= 41
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THE RECEIVING MODE
ANTENNA PLANE WAVE RESPONSE

INCIDENT

PLANE WAVE Einc ELFEIEI[R)IC
EQUIVALENT
SCHEME OWER € inc
DENSITY
12
I Z Pinc :ﬂ
| In 277
.
load | W <> U inc
|
EQUIVALENT ; EQUIVALENT
LOAD . GENERATOR W(Ui,.) = o(Ui.) Pine
(RECEIVER) (ANTENNA +
INCIDENT WAVE) RECEIVING
A1 CROSS SECTION
U=—r Elnc F(ulnc)
J7K
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THE RECEIVING MODE
ANTENNA ISOTROPIC WAVE RESPONSE

INCIDENT
ISOTROPIC WAVE E ELECTRIC
- NON-POLARIZED Mc  FIELD
- INCOHERENT

u POWER
. DENSITY
2
W P E 0
inc — 2
n
V
W ={o) P,
AVERAGED RECEIVING
CROSS SECTION
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THE RECEIVING MODE
CORESPONDENCE BETWEEN PLANE/ZISOTROPIC WAVE

RESPONSES

PLANE WAVE ISOTROPIC
ANALYSIS WAVE ANALYSIS
W(u) = o(u) B ﬁ W= <6> P
2 2
o(u) = AMarn P oad ppol(u) G(u) <o>= A2 Pron

coupling cross section i i
PHNg INTEGRATION OVER * time non-coherent fields:

2 .
Z -7* INCIDENCE ANGLE => power summation
p=1- —in_—load load & POLARIZATION
ad | Lyt Ly factor * jsotropic fields:
P |(u) — | e f(u) 2 polarization = angular integration
po

factor

["] G(u) dQ(u) =4S
G(u) gain * non-polarized fields:
= ppol(u)= 1/2
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THE RECEIVING MODE
ANTENNA ISOTROPIC WAVE RESPONSE

SOURCE

ANTENNA UNDER TEST
INCIDENT POWER

Winc
ARBITRARY
INCIDENT
FIELD
RECEIVER
COUPLED Einc(r) = ["] Ainc(u) eIk T U dO(u)
POWER 4s

SUPERPOSITION OF PLANE WAVES
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THE RECEIVING MODE
NON-PLANE WAVE ANALYSIS

courLep POWER  W(U) = P4 gﬂvvmc

load factor polarization / coupling factol
Z Z* T _ |< Ainm > >|2
p=1- ad| - p (W)= >
o Z|n+ Zoad ||Anc|| || F ||

scalar product, norm

<U,V>= ["] U(u) . V*(u) dQ2(u)
43

[ul® =<u,u>=uz
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THE ANTENNA AS A LINEAR FILTER
CORRESPONDENCE BETWEEN SIGNALS AND WAVES (1)

SIGNALS WAVES

space spectral

domain domain

— s(t) time /
domain \ /

signal @
source <> . \
t
S(w) spectral radiating \
I domain source

E(r) A(u)

FIELD PLANE WAVE

DISTRIBUTION SPECTRUM

()

O(r,H)= ot - k.r
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THE ANTENNA AS A LINEAR FILTER
CORRESPONDENCE BETWEEN SIGNALS AND WAVES (2)

SIGNALS WAVES
(1D, SCALAR) (2D, VECTOR)
s TIME DOMAIN SPACE DOMAIN
[a% t r €S
g
0 TIME DEPENDENCE SPATIAL DEPENDENCE
% s (t ) E (r )
04
=
o, ANGULAR FREQUENCY SPATIAL FREQUENCY
| DOMAIN DOMAIN
|_|
m [0} k =k u
)
8 FREQUENCY SPECTRUM PLANE WAVE SPECTRUM
S (o) (SAF)
F (u)
gl

SIGNALS / WAVES EQUIVALENCE
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THE ANTENNA AS A LINEAR FILTER
ANTENNA RESPONSE TO ARBITRARY INCIDENT WAVES

INCIDENT RECEIVING RESPONSE
WAVE ANTENNA

Aos(U— o) l @1 R(Uo) = Ao F(uo)
CW

PURE PLANE
WAVE

GENERATOR

Ao(Uu—Uo) | ‘I
) R(UO) = A % F
ARBITRARY

WAVE
NON-LINEAR
DEVICE

2 PROBLEMS OF PRACTICAL RELEVANCE:
* ANTENNA CHARACTERIZATION: A IS KNOWN, DETERMINE F
* FIELD MEASUREMENT: F IS KNOWN, DETERMINE A
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THE ANTENNA AS A LINEAR FILTER
DIFFERENT CHARACTERIZATION TECHNIQUES FOR
LINEAR COMPONENTS

FREQUENCY-DOMAIN
CHARACTERIZATION

(D 0) )
o(0—wq) ’ 0 ’
PURE CW
GENERATOR FOURIER
TIME-DOMAIN PRANSEORN
CHARACTERIZATION
O-PULSE
GENERATOR
NOISE
CHARACTERIZATION
_________ (®) Pdw
NOISE

GENERATOR
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THE ANTENNA AS A LINEAR FILTER
DIFFERENT CHARACTERIZATION TECHNIQUES FOR
ANTENNAS

K_; Satimo 000000000000 O0COCGIOLIBSIGOSIOLIGLIEOGIEOG TGOS EO o o

M L The Microwave Vision Company

L - - L]



CONCLUSION

= FAR FIELD ANTENNA RADIATION IS WELL DEPICTED BY THE
VECTOR RADIATION CHARACTERISTICS

= ANY INCIDENT FIELD CAN BE EXPANDED AS A
SUPERPOSITION OF PLANE WAVES (PLANE WAVE SPECTRUM)

= ANTENNA RESPONSE, IN ARBITRARY INCIDENT FIELD, CAN BE
DEDUCED FROM ITS PLANE WAVE RESPONSE

= WAVES / SIGNALS ANALOGY:

— LEADS TO CONSIDER AN ANTENNA AS A LINEAR
ANGULAR FILTER

— PROVIDES A VALUABLE SUPPORT TO UNDERSTANDING AND
COMPARE DIFFERENT ANTENNA MEASUREMENT TECHNIQUES
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