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Abstract 

  In this study, we discuss the near-field to far-field transformation (NFFFT) theory for radar cross-section (RCS) of 
an electrically large object and antenna pattern, which is a comprehensive review of the author's published articles over 
the past 10 years. When the electrical size of the object under test is large, the probe antenna that measures the scattered 
waves from the object must be placed far away from the object to illuminate the plane electromagnetic wave that is the 
measurement premise. Assuming that the measurement frequency is , this distance  is generally evaluated by 

 ( , where : wavelength, : speed of light). If  m and GHz, for example, then 
m, which is an unrealistic measurement condition. Therefore, it is conceivable to acquire the scattered electromag-

netic field near the object by some method and theoretically transform it into a far-region. At this time, when an antenna 
is under test, the measurement system has one-way relationship of radiation to the antenna and output from the antenna, 
and this expression can be strictly given by an integral equation. Conversely, since RCS measurement is two-way in 
principle, it is very difficult to formulate these electromagnetic field relationships. However, if a radar image based on 
the scattered waves from the object is obtained, it is considered that the far-field generated by the source can be evaluated 
by regarding the image as a scattered wave source. Based on this concept, the relationship between the radar image of 
the object to be evaluated and the three-dimensional RCS is constructed. The theoretical validity is proved through 
numerical calculations and comparative examination using actual measurement data. Above all, it was also found that 
the unnecessary waves environmentally caused by the anechoic chamber and the like can be suppressed by appropriately 
treating the generated image including the unnecessary waves received at the time of measurement. From this confirm-
ative experiment, it was proved for the electromagnetic wave that the time-axis processing such as the fast Fourier 
transform (FFT) and this spatial-axis processing in the image data are equivalent.  
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6 RCS KOSIP: GUI
Fig.6 KOSIP GUI for RCS comprehensive evaluation system in cylindrical scanning

NFFFT: measurement-mode opening window.
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15 GTD :
22.5 cm (4.13λ) : (52 cm=9.53λ) :

Fig.15 GTD calculation of conducting strip,
width 22.5 cm (4.13λ),upper: near-field pattern

at 52 cm (9.53λ),lower: far-field pattern.
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Fig.16 NFFFT processing image and far-field
pattern by inputting GTD near-field data in the

upper of Fig.15.

FFT

KOSIP

5. KOSIP-NFFFT

GTD

NFFT 15

22.5 cm(4.13λ) (GTD)

ρ0 = 52 cm(9.53λ)

16 15 GTD KOSIP

NFFFT ( ) (

)

NFFFT

17

18 ( ) NFFFT

−44−

小林　弘一



15 GTD :
22.5 cm (4.13λ) : (52 cm=9.53λ) :

Fig.15 GTD calculation of conducting strip,
width 22.5 cm (4.13λ),upper: near-field pattern

at 52 cm (9.53λ),lower: far-field pattern.

(6) :

(ray tracing)

7 (thinning) : z−

8 (FFT):

FFT KOSIP

16 15 NFFT :
( ) ( )

Fig.16 NFFFT processing image and far-field
pattern by inputting GTD near-field data in the

upper of Fig.15.

FFT

KOSIP

5. KOSIP-NFFFT

GTD

NFFT 15

22.5 cm(4.13λ) (GTD)

ρ0 = 52 cm(9.53λ)

16 15 GTD KOSIP

NFFFT ( ) (

)

NFFFT

17

18 ( ) NFFFT

17
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19 NFFFT 3 : 15 GTD 16 NFFFT
18 NFFFT

Fig.19 Comparison between measurement and theory: far-field by GTD in Fig.15, GTD near-field to
far-field by NFFFT in Fig.16, and measured near-field to far-field by NFFFT in Fig.18. All figures

are normalized and shifted the peak angle.
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Fig.20 NFFFT measurement: (a)2-faces corner-reflector, (b)probing double-ridge horn antenna, (c)small
metal plate 10×10 cm2 placed nearby corner-reflector.

21 2
RCS NFFFT :

,
.

Fig.21 NFFFT measurement of 2-faces corner-
reflector and imaging parameters along variation
of probing distance.
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Fig.22 NFFFT RCS measurement depending on
variation of probing distance: distance of probe
and target for (a)-(d) are 50, 80, 140, 200 cm,

respectively.
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(a) 3 cm: , (ρ=30 cm), RCS

(b) 3 cm: (ρ=20 cm), RCS
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(a) (c) .

Fig.24 NFFFT processing of radar images of
2-faces corner-reflector with a small metal

plate.
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25 :R= |R|iR, r= |r|ir.
Fig.25 Far-region approximation of

electromagnetic field.
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Fig.26 Phase error between planar observation region and spherical wave due to a point source.
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