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The small anechoic chambers built by many small-
/medium-sized companies and universities present 
difficulties in testing electrically large antennas because 
the chamber size cannot satisfy the far-field criterion of 
large antennas. In this paper, a method for Fresnel-region 
measurement on a cylindrical surface with variation of the 
measurement height is proposed and verified by both 
calculations and experiments. We implement the proposed 
method using a direct far-field measurement system by 
adding a few supporting structures. The results show good 
accuracy. 
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I. Introduction 

Although the border between the far-field and near-field has 
not been definitively agreed upon [1], the far-field region, or far 
zone, has usually been referred to as the distance Dfar ≥ 2L2/λ, 
where Dfar is the distance between the source antenna and 
probe antenna, L is the aperture diameter, and λ is the free-
space wavelength [2]-[4]. The near-field region is the inner area 
of the far zone. It can be classified into the reactive and 
radiating near fields [3], [4]. Both near-field scanning 
measurement and Fresnel-region measurement are related to 
the radiating near-field region. Near-field scanning is usually 
performed between 3λ and 10λ, and the Fresnel-region method 
is usually performed between √(L3/16λ) and 2L2/λ [5]. 

The exact far-field pattern can be obtained by satisfying the 
criterion, Dfar ≥ 2L2/λ. For example, the far-field distance of an 
antenna of L = 20λ operating at 10 GHz is 24 m. Although the 
aperture dimension is not too large as the subarray shown in [6], 
the most popular small anechoic chamber occasionally could 
not measure the far-field pattern because of its small size. 

To overcome this problem, an outdoor far-field measurement 
system can be developed, but it has low security and is 
sensitive to the weather or moisture. One option is to build a 
compact range chamber reducing the distance and expanding 
the quiet zone [7]. A second option is to purchase a near-field 
scanning system. However, these systems are very expensive, 
so they are too much of a financial burden for small or 
medium-sized companies and universities. 

Recently, a method utilizing data from several cut-planes in 
the Fresnel region has been studied [2], [5], [8]-[10]. The cut-
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planes are achieved by changing the antenna under test (AUT) 
elevation angle. Some direct far-field measurement system can 
adopt this method, so that an expensive near-field 
measurement system does not need to be purchased. In 
addition to the advantage of the low cost as compared to the 
near-field scanning method, this Fresnel-region method can 
reduce the measurement time because the required scanning 
planes are smaller, and near-field to far-field transformations 
are unnecessary. 

During Fresnel-region measurement using the method 
proposed in [5], the AUT should be inclined forward, or leaned 
backward. This technique, however, creates safety issues 
because the weight of a large antenna could be several tens of 
kilograms. Furthermore, the antenna looks down to the lower 
walls or looks up to the upper walls of the anechoic chamber; 
therefore, the reflected waves from the lower and upper walls 
are more detected. 

In this paper, a modified Fresnel-region measurement 
method is proposed. The antenna simply moves downward or 
upward; therefore, the necessary cost is low or even negligible 
in some systems. This paper is organized as follows. In section 
II, the theory and procedure of the measurement are discussed 
in detail. Section III shows the radiation pattern and gain from 
calculation and measurement. Conclusions are given in section 
IV. 

II. Measurement Theory and Procedure 

1. Principle 

The principle of Fresnel-region measurement is illustrated in 
Fig. 1. An antenna at the origin radiates an electromagnetic 
wave, and some waves arrive in the blue-shaded area in the 
Fresnel region, as shown in Fig. 1. This area acts as another 
source and radiates a wave toward the far-field region [11]. 
Therefore, the field in the far zone can be said to be formed by 
the field in the Fresnel region. The strongest contributor is the 
data on the straight line to the antenna, and the other data 
contributes by its weighting factor. Therefore, far-field region 
data can be obtained by multiplying the Fresnel-region data by 
the weighting factor, and, then, summing these data [2], [5], 
[8]-[10]. 

2. Angle Variation Method  

The angular coordinate used in this paper is shown in Fig. 2. 
The shaded area is the antenna aperture, Lx and Ly are the 
lateral length of the aperture in the x- and y-directions, α is 
the angle from the y-z plane, and β is the angle from the x-z 
plane. From our derivation, simulation, and experiment, some 
indices of the exponential functions in [5] were thought to be  

 

Fig. 1. Principle of Fresnel-region measurement. 
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Fig. 2. Angular coordinate. 
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wrong; therefore, all the equations are derived again in this 
section. 

The E-field pattern of the distance R in the Fresnel region is 
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Fresnel field ER becomes 
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With the far-field approximations of x2/R ≈ 0 and y2/R ≈ 0 due 
to large R, E-field pattern in the far-zone is reduced to 
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In order to find the relation between (3) and (4), the Fourier 
series (5) can be used: 
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where Fourier coefficient kmn is  
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and c2 = π/(λR). 
Substituting (5) into (3), and comparing to (4), the relation 

between the Efar and ER as given in [2], [5], [8] is 
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where Δα = λ/Lx and Δβ = λ/Ly. 
Equation (7) indicates that E-field in the far-field region is the 

summation of the product of kmn and several E-fields in the 
Fresnel region as describe before. The E-fields used in 
summation are obtained at a finite number of angles, mΔα and 
nΔβ. The probing points mΔα are shown as red dots in Fig. 3, 
and nΔβ can be drawn in a similar way to Fig. 3 in the 
horizontal space. Since only the angle of the probing position 
changes, we named this technique the angle variation method 
to prevent confusion in comparison to the height variation 
method proposed in this paper. 

The angle variation method can be carried out by inclining 
the positioner of the probe or source antenna; therefore, there 
could be a safety and error problem. Some measurement 
systems cannot incline the positioner. 

 

Fig. 3. Scheme of Fresnel-region measurement. Red points 
represent the angle variation method, and blue points 
reprensent the proposed height variation method. 
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3. Height Variation Method 

The proposed Fresnel-region measurement method, or 
height variation method, is illustrated in Fig. 3. Electric fields 
measured at the blue points are transformed into electric fields 
at the red points. The probe antenna moves in the vertical 
direction and then rotates centering on the source antenna in the 
horizontal direction. In other words, the probe antenna moves 
on the cylindrical surface, measuring the electric fields. 

Equation (7) can be re-organized as  
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where ER is the electric field at distance R as shown in Fig. 3, 
and Cm,S and Cm,R are the compensating coefficients. 

The coefficient Cm,S compensates for the imperfect source 
antenna pattern because the magnitudes and phases at an off-
boresight angle of the source antenna deviate from those at a 
boresight angle. The magnitude and phase of Cm,S can be easily 
obtained by measuring the source antenna. Then, the 
magnitude is normalized and multiplied after being inversed, 
and the phase is subtracted.  

Since Cm,S depends on the measurement distance R, the 
measurement of the source antenna should be performed at the 
same distance as that at which the Fresnel-region measurement 
will be performed. The coefficient Cm,S is also dependent on the 
aperture size of the source antenna. A large aperture of the 
source antenna results in a large variation of Cm,S over the 
azimuth angle. On the other hand, a source antenna with a 
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small aperture, for example, an open-ended waveguide, has a 
broad beamwidth and, thus, little variation of Cm,S versus the 
azimuth angle. From our simulations and experiments, the 
compensating term Cm,S of the small-aperture source antenna 
has almost no effect on the gain and radiation pattern. 

The coefficient Cm,R is also the compensating term of  

),())/(1(, RkRRRC Rm Δ∠Δ−Δ+=            (9) 

where k is the wave number. Since the differential distance 
between R and D is ΔR as drawn in Fig. 3, the magnitude and 
phase are compensated by ΔR. The compensating term Cm,R is 
irrelevant to the antenna size and only relevant to the physical 
and electrical distance as written in (9). If distance R is large 
enough, ΔR/R can be negligible; thus, the coefficient Cm,R 
becomes a function of phase kΔR. 

It must be noted that (9) is an approximation and is only valid 
for an electrically large antenna having a narrow beamwidth. For 
an antenna with a small aperture, the required number of cut 
planes, m, the angle Δα×|m|, and the differential distance ΔR also 
increase. The relatively large ΔR must result in a large error while 
compensating it by (9). In this case, a more complicated 
compensating technique should be developed. 

The required height variation can easily be calculated from 
Fig. 2 as  

)tan( mDhm ×Δ×=Δ α .           (10) 

The minimums of M and N in (7), Mmin and Nmin, were 
suggested in [5], but from some of our calculations and 
experiments, those numbers, Mmin and Nmin were inaccurate for 
the relatively small but still large antenna. For this reason, a 
simpler approach has been utilized in this study which is 
similar to that in [9]. 

As shown in Fig. 4, |kmn|, the normalized magnitude of kmn,  
 

 

Fig. 4. Normalized kmn, |kmn| for m, n. Lx = Ly = 5λ, R = 16.7λ.
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Fig. 5. Configuration examples of Fresnel-region measurement
system. 
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decreases as the index of m or n increases. For example, |kmn| is 
about -18 dB at m, n = ± 4. This very small amount of kmn does 
not contribute much to the summation in (7) and can be 
ignored. From this fact, we can determine the required m and n 
from the plot of the normalized magnitude of kmn. Our 
empirical criterion is that |kmn| should drop by more than 15 dB 
from the highest |kmn|. 

4. Procedure of Measurement and Data Acquisition 

Possible configurations of the Fresnel-region measurement 
system are illustrated in Fig. 5. The source antenna and AUT 
are separated by distance D, which is the Fresnel-region 
distance. The source antenna radiates RF power and the AUT 
receives it. The AUT rotates on its turntable. These 
configurations are identical to the direct far-field measurement 
setup. The only difference is that the AUT should be raised or 
lowered as shown in Fig. 5(a) or the source antenna should be 
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moved as shown in Fig. 5(b). 
Besides these configurations, other systems can be utilized 

based on the reciprocal theory. The AUT can transmit RF power, 
or the source antenna can turn around on the azimuth plane. 

The procedure of the proposed Fresnel-region measurement 
is illustrated in Fig. 6. After the parameters are decided based 
on the equations, the radiation pattern is first measured at the 
lowest (or highest) height rotating the turntable, and its 
measured complex data is saved in the database. After the 
position of the AUT is adjusted upward (downward), this 
process is repeated until it reaches its highest (lowest).Next, the 
required complex data ED is extracted from the database, and 
kmn, Cm,R, and Cm,S are calculated. Finally, far-field radiation 
patterns can be obtained from the Fresnel-to-far-field 
calculation in (8). 
 

 

Fig. 6. Procedure of Fresnel-region measurement. 
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III. Calculation and Measurement Results 

1. Calculated Radiation Pattern 

The verification of the proposed method was performed for a 
5λ × 5λ square aperture having an ideally uniform current 
distribution. The frequency was set at 10 GHz. The minimum 
required far-field distance is 3.0 m, but the method was applied 
at the reduced distance of 0.5 m (16.7λ). 

 

Fig. 7. Radiation patterns of far-field and Fresnel-to-far field 
calculations. The aperture dimension is 5λ × 5λ having 
an ideally uniform current distribution. 
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Five cut planes were required from the plot of |kmn| as shown 
in Fig. 4, so that Δα = Δβ = 11.5°, Δhm = 0, ±0.102 and ±0.212 
m. 

The electric field in the Fresnel region was calculated from 
(1). The method of angle variation and the proposed height 
variation method were applied to the Fresnel-field data. The 
reference far-field pattern was obtained from (4). The E-plane 
patterns for three cases are plotted in Fig. 7. The transformed 
pattern of the height variation with compensation shows good 
agreement with the reference far-field pattern. It also closely 
matches the radiation pattern using the angle variation method. 

In order to investigate the compensation effect of Cm,S and 
Cm,R, the radiation pattern without compensation parameters 
was also calculated. Compared to the pattern having 
compensation, it does not agree with the reference far-field 
pattern; therefore, it can be said that the compensation 
parameters, Cm,S and Cm,R operate very well. It should be 
noted that a higher number of cut planes results in greater 
accuracy. 

The compensation effect can be clearly observed in Fig. 8. 
The magnitudes and phases of each cut-plane in the Fresnel 
region obtained from (1) are compared. Index m is consistent 
with that in Fig. 3. The red and blue lines represent the electric 
fields of the red and blue points of Fig. 3. The green curves are 
the compensated data from the blue curves. 

As can be seen in Fig. 8(a), the magnitudes for m = 1 are 
similar to each other because the distance difference ΔR is 
small; however, those for m = 2 are a little different. From Fig. 
8(a), it seems that the compensating terms are meaningless. 
However, as shown in Fig. 8(b), the phases between the angle 
variation (red line) and height variation (blue line) method are 
much different. The compensated phases (green line) are  
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Fig. 8. Magnitudes and phases of Fresnel field for m = 1, 2. Angle
variation and height variation methods with or without
compensation are compared. (a) Magnitude and (b) phase.
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almost equal to the phases of the angle variation method for 
both m = 1 and m = 2. This demonstrates again that the 
compensation technique is useful, and the height variation 
technique can result in accurate radiation pattern and gain. 

2. Measured Radiation Pattern 

The proposed method in this paper was also verified by 
experimental data. For the AUT, we adopted the standard horn 
antenna (model name: SGA-110) shown in Fig. 9. The 
aperture dimension was 152.4 mm × 108.4 mm. The AUT was 
measured at 10 GHz. The reference far field and the Fresnel 
field were measured in different-sized anechoic chambers at 
ETRI. The reference far-field pattern was measured at 8 m, 
much further than Dfar = 2.33 m. The Fresnel field was 
measured at the distance of 0.5 m with five heights, Δhm = 0, 
±0.100, and ±0.208 m. Given the aperture dimensions (Lx = 
108.4 mm, and Ly = 152.4 mm), Δα is 15.9°, and Δβ is 11.3°. 
As shown in Fig. 9, the near-field scanner was utilized to 

 

Fig. 9. SGA-110 horn antenna and experimental setup in ETRI 
anechoic chamber.  

 

 

Fig. 10. E-plane pattern of SGA-110 horn antenna. 

-60 -30 0 30 60
-50

-40

-30

-20

-10

0

10

M
ag

ni
tu

de
 (d

B
) 

Azimuth angle (°) 

Far 
Fresnel to far,  
height with comp
Fresnel to far,  
Height without comp

 
 
move the source antenna, and the turntable holding the SGA-
110 was rotated. 

The E-plane radiation patterns are plotted in Fig. 10. The 
Fresnel-field to far-field pattern shows good agreement 
compared to the reference far-field pattern. As with the 
calculated patterns of Fig. 8, the pattern of the Fresnel-field to 
far-field transformation without compensation technique 
strongly disagrees with the exact far-field pattern, particularly 
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