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ABSTRACT 
 

Using symplectic relation and reaction concept, we propose a planar near-field antenna measurement method. A generalized probe 
compensation equation is deduced to obtain the probe correction formulation. To verify our approach, a reflector antenna with 1x2 
horn array is fabricated and measured in the near-field measurement facility. The near-field measurement results are compared with 
the physical optics (PO) simulation. The results of measurement and simulation agree very well near to the mainbeam. 
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1. INTRODUCTION 
 

 In a wireless communication system, antenna characteristics 
including bandwidth, antenna gain, and radiation patterns are 
very important to maintain the desired quality of service (QoS). 
The communication antenna is mainly measured with far-field, 
Fresnel-zone, and near-field techniques [1]-[6]. The near-field 
antenna measurement is more effective than other measurement 
techniques. The near-field measurement facility has simple 
setup and requires less absorbing material than a far-field 
facility. However, near-field data are quite different from far-
field radiation pattern and then these data in the near-field 
should be transformed into the far-field range in terms of the 
Fourier transform. Moreover, the near-field data contain the 
interaction of antenna under test (AUT) and measurement 
probe. The coupling effect of measurement probe should be 
removed to obtain precise far-field radiation pattern of AUT. 
This procedure is called as probe compensation. The probe 
compensation algorithm is significant to increase the accuracy 
of measurement [2]-[6]. The probe compensation is a little 
involved because of coupled integral equations [2], [3]. 

In this work, we will propose a generalized probe 
compensation equation based on symplectic relation and 
reaction concept to solve coupled integral equations effectively. 
In the first step, we introduce the Lorentz reciprocity theorem 
in terms of symplectic form and reaction. Then, the deduced 
probe compensation equation is applied to a planar 
measurement surface on which the electromagnetic fields can 
be expanded in plane-wave spectrum. The coupled integral 
equations are solved with the Fourier transform technique. Our 
proposed methodology is general yet analytic and can be 
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extended to any measurement surface such as plane, circular 
cylinder, or sphere. 
 
 

2. GENERALIZED PROBE COMPENSATION 
EQUATION 

 

 
 

Fig. 1. Near-field antenna measurement setup 
 

Although a generalized probe compensation equation is 
already proposed in [5], [6], we will rewrite the important 
procedures for the readers’ convenience. The probe 
compensation is essential in order to get precise far-field 
pattern with near-field antenna measurement. This is because 
the measured near-field results are combined with AUT and 
probe characteristics. 

To deduce a generalized probe compensation equation, we 
utilize symplectic relation [5] and reaction concept [7]. A 
symplectic vector space is usually defined to produce the dual 
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or complementary space of an inner product space, which is 
widely used in mathematics and communication theory. The 
symplectic vector space has symplectic relation for its operator. 
The symplectic relation is very similar to subtraction in algebra, 
whereas the inner product is related to addition [5]. Then, the 
symplectic relation for self terms always results in zero and the 
inner product for them is zero or positive. 

We use the Lorentz reciprocity theorem [3] to decouple the 
effects of AUT and probe interactions. In fact, the Lorentz 
reciprocity theorem has symplectic characteristics. Thus, it is 
reasonable to combine the Lorentz reciprocity theorem and 
symplectic relation. In electromagnetics, the Lorentz 
reciprocity theorem is represented in differential form as 

( ) ( )babaabab

abba

MHJEMHJE
HEHE

⋅−⋅−⋅−⋅=

×−×⋅∇ )(
,  (1) 

where subscripts, a  and b , imply that the 
electromagnetic  fields are produced from the symbolized 
sources, a  and b . To represent (1) in compact form, we 
introduce the symplectic form and the Rumsey’s reaction as 

〉〈−〉〈=〉〉〈〈 abbaba ,,, ,  (2) 
where  

∫ ⋅×−×=〉〉〈〈
s abba adHEHEba )(,  (3) 

( )∫ ⋅−⋅=〉〈
v

abab dvMHJEba, .  (4) 

Note that 〉〈 ba,  is a Rumsey’s reaction [7] or a 

generalized power. When ba = , (3) is always zero, which 

shows that 〉〉〈〈 ba,  has symplectic relation. Similarly when 

ba = , (4) is zero or positive due to electromagnetic radiation 

from the source a . From this observation, 〉〈 ba,  is known 
as a generalized power. 

Since the differential equation (1) is reformulated in terms of 
algebraic notations, we can easily apply our theory to near-field 
measurement setup illustrated in Fig. 1. In our following 
deduction, we ignore multiple reflections between AUT and 
probe. We only consider the radiated fields from AUT and 
probe, a  and p , and separately scattered fields from AUT 
and probe, as  and ps . For example, the term as  is 
equivalent source to represent the scattered field from AUT, 
when the incident field is from the source p  for probe field. 
Then, the reciprocity relation for setup of Fig. 1 is given by 

VV psaaspasppsa
asppsa

〉++〈−〉++〈=
〉〉++〈〈 Σ

,,
,

, (5) 

where PVVV += 0 , ∞+=Σ SSM , and 

0,,, =psaspaM . Note that the volume V  only includes the 

sources, p  and ps . Manipulating (5) yields a generalized 
probe compensation equation as [5] 

PPM VVS apaspspa 〉〈−〉〈=〉〉〈〈 ,,2, , (6) 

where 
MSpa 〉〉〈〈 ,  is a symplectic relation on the 

measurement surface MS , 
PVap 〉〈 ,  is a generalized power 

for probe and AUT on the probe volume PV , and 

PVasps 〉〈 ,  is very small compared to 
PVap 〉〈 , . When the 

source p  is fixed, 
PVap 〉〈 ,  is only proportional to the 

incident electric field from a . Thus, 
PVap 〉〈 ,  is 

analytically related to an open-circuit probe voltage function 

( )0rP  [3], [8] which can be directly measured at the end of 

measurement probe. The position vector 0r  is defined as that 

from AUT to probe. 

When 
PP VV aspsap 〉〈>>〉〈 ,, , we obtain a simpler 

equation as 

( )0,, rPappa
PM VS =〉−〈≈〉〉〈〈 .  (7) 

Note that we obtain (7) based on small scattering 
approximation ( 1<<ps  and 1<<as ). 

Using (7), we can predict the symplectic relation for AUT 

and probe. The measurement surface MS  can be any surface 
such as plane, circular cylinder, or sphere. 

In this work, (7) is applied to planar near-field antenna 
measurement. Utilizing the Weyl identity, the transverse 
electromagnetic fields radiated from AUT and probe in Fig. 1 
are represented as [4] 

( ) ( ) t
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ta kdektrE ∫ ⋅= 102
1
π

  (8) 

( ) ( ) t
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tp kdeksrE ′′=′ ∫ ′⋅′
202

1
π

,  (9) 

where the magnetic fields can be formulated with the 

Maxwell’s equations, the measurement surface MS  in Fig. 1 
is planar, AUT and probe are located at the origin and 

),,( tt zydr = , respectively, tx kxkk += ˆ , 

zkykk zyt ˆˆ += , ),,( tt zzyyxdr −−−=′ , 

xx ˆˆ −=′ , yy ˆˆ −=′ , zz ˆˆ =′ . It is noted that ( )tkt10  and  

( )tks20  are the inverse Fourier transform of ( )rEa  and 

( )rEp , respectively. Inserting (8) and (9) into (7) yields a 

probe compensation equation as [4] 

( )

( ) ( ) ( )
t
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x
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When we measure ( )rP  in near-field, we can determine 

( ) ( )tt kskt −⋅ 2010  in view of the Fourier transform, where 

( )tkt10  and ( )tks20  are related to the far-fields of AUT and 
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probe, respectively. When ( )tks20  is known, we finally 

obtain the far-field of AUT. 
 
 

3. MEASUREMENTS 
 
To verify our formulations, (7) and (10), we measured a 

reflector antenna with 1x2 horn array shown in Fig. 2. The 
reflector antenna illustrated in Figs. 2 and 3 was designed with 
standard procedures. The diameter of a reflector is 700 [mm] 
and the focus is determined with GO (Geometrical Optics) 
prediction. The feeder dimensions (19.05 x 16.5 [mm2]) are 
controlled to satisfy that the 10 dB beamwidth of a feeder 
covers the whole reflector. The measurement facility in Fig. 2 
is located at the Electronics and Telecommunications Research 
Institute (ETRI), Daejeon, Korea. The near-field measurement 
facility has the dimensions as 3 ×  5 ×  2.5 [m3] and 8 inch 
pyramidal absorbers on all sides. The co-pole and cross-pole 
near-field patterns for the reflector antenna were obtained with 
the facility shown in Fig. 2, then we applied (10) to a near-field 
measurement and obtained the far-field of a reflector antenna 
by performing the probe compensation. The near-field 
measurement parameters are frequency = 15 [GHz], sampling 

period = 2/0λ , scan range = 1 [m] ×  1 [m],  AUT-probe 

distance = 10 [cm], and probe = WR-75 OERW (Open-Ended 
Rectangular Waveguide), where the AUT-probe distance is 
measured from the end of 1x2 horn array. 

 

 
Fig. 2. Antenna under test for near-field antenna 

measurement 
 

 
Fig. 3. Physical optics (PO) simulation setup 

 
Our measurement is compared with the physical optics (PO) 

simulation illustrated in Fig. 3. The PO simulation is well 
suited for a high gain antenna such as a reflector antenna shown 
in Fig. 2. The PO simulation is mainly utilized to predict far-
field patterns near to the mainbeam. At the sidelobe, the PO 
simulation is not good, due to diffractions from edges. These 
characteristics are clearly shown in Fig. 4. By inserting the 
UTD (Uniform Theory of Diffraction) contributions, the 
discrepancy between PO simulation and measurement for 
sidelobes can be minimized. 

 
(a) Difference pattern 

 
(b) Sum pattern 

Fig. 4. Comparison with near-field measurement and 
physical optics simulation (f = 15 [GHz]) 

 
Fig. 4 illustrates the behaviors of sum and difference patterns 

for a reflector antenna. The sum pattern is obtained with the in-

phase excitation of 1x2 horn array ( 21 φφ = ) and the 
difference pattern does with the out of phase excitation 

( o18021 += φφ ), where 21,φφ  are excitation phases of 
the first and second horn antennas. The far-fields in Fig. 4 are 
compared with the near-field antenna measurement and the PO 

simulation. Near to the mainbeam ( o5<θ ), the far-field 

results agree very well. These characteristics indicate that our 
formulations, (7) and (10), are correct and can be used to 
predict the far-field of a high gain antenna. 
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4. CONCLUSIONS 
 

A planar near-field antenna measurement method is 
proposed using symplectic relation and reaction concept. Our 
formulations are verified with near-field antenna measurement 
and physical optics simulation. Our generalized probe 
compensation equation can be extended to circular cylindrical 
and spherical surfaces as well. 
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