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direction. We consider a spectrum of errors for angles (θ,ϕ) in 
the equations (1) and (2). To eliminate a random error, errors 
with the same effective value (standard deviation) are 
considered, which is emphasized using rms denomination. 
When considering analysis, it is obvious that all conclusions 
associated with scanning in plane (error of position x, y) 
including the mentioned examples apply similarly. If you know 
the spectrum of errors Δz of the z position, you will get very 
realistic estimates of errors in the near zone. The upper limits of 
errors when we consider only the maximum value of errors will 
be created in relatively special cases. 
 
3. LIMITED MEASUREMENT SURFACE  
 

For planar scanning in the near zone, the aerial is installed 
in a fixed manner and the probe in the near zone moves along 
the planar surface in both x and y directions so that it is 
possible to scan matrices of samples of field (both amplitude 
and phase). Similarly, when scanning on the cylindrical surface, 
a matrix of samples of field for movement in z direction and in 
azimuth ϕ is scanned. The range of scanning for measurements 
in the z direction indicated in Fig. 1 is important when accuracy 
of measurements on cylindrical surface in the near zone is 
considered. The size of the measured aerial and the size and 
location of the final scanning surface (cylinder) is defined with 
the critical angle Φ. Calculated emission characteristics of the 
aerial will be applicable in the zone between ±Φ. The following 
equation applies to the given scanning range L: 

 ( )ΦdtgPDL 2++=  (3) 

where D is measured aerial diameter, P is probe diameter 
and d is the distance between the probe and the measured aerial. 
Complete angular covering can be achieved only by means of 
scanning on fully spherical surface in the near zone. 

The restricted scanning area has two effects. Firstly, the 
resulting emission areas are applicable only inside of the zone 
defined in Fig. 2 for the area larger than the area aperture. This 
criterion is used for determination of the minimum dimension 
of the scanning plane for the given required zone of angles and 
separation distance d. As the lower limit for d is given by 
physical structure of the area and multiple reflections, 
compromise both between the maximum angular covering 
together with reduction of errors as a consequence of limited 
scanning (when small d is required) and minimum multiple 
reflections (when big d is required) is usually required. 
 

 
Fig. 2. Scanning range determination 
 

Occurrence of errors for calculation even for the 
“applicable zone” illustrated in Fig. 2 is another effect of the 
limited scanning area. The following equation applies to 
preliminary estimate of errors as a result of the limited scanning 
area for measurements in planar surface: 
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where S is aerial aperture area, Lm is maximum width of the 
scanning area, α ≈ 1 – 5 is a coefficient of amplitude drop (1 
for uniform exposure, but practically not more than 4 
commonly used exposures), bm(ρ´,ϕρ) is maximum amplitude 
of probe output on the edge of the scanning area with respect to 
the maximum probe output on the scanning area and ⏐I (K0)/ I 
(K)⏐is a ratio of the maximum amplitude in the direction K0 
with respect to the amplitude in the direction K (so called 
inverted value of standardized diagram in distant zone). Applies 
as the upper limit for angles up to 90°, but it can be said very 
approximately that the equation (4) represents a relatively 
reasonable estimate of the upper error for the zone of angles 
smaller than Φ/2 while the estimate (4) is much higher than the 
actual errors are for larger angles. 

The mentioned equation requires less information, 
however, it generally provides much more higher upper limit of 
errors. This equation can be used according to (Repjar et al., 
2006) also for the aerials that are separable in the x,y plane only 
when scanning along aerial axes as was demonstrated not only 
theoretically but also experimentally. 
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However, it is necessary to mention that the above 
mentioned equation does not consider a change of phase along 
the scanning area periphery when measuring along the aerial 
axes and for that reason, it could give bigger errors in most 
cases. It means that it can be assumed that this equation for 
planar scanning can be used as upper estimate also for 
cylindrical scanning. 
 
4. CONCLUSION 
 

The paper is based on the analysis of errors made in a 
number of studies. All significant sources of errors were 
specified, all sources of errors of measurements in the near 
zone were measured and estimated and the shape of the 
function dependence of errors was determined in many cases.  
Equations of errors among errors of measurements in the near 
zone and results of calculations for the distant zone were 
derived. Combinations of individual components of errors were 
ascertained in order to obtain a realistic estimate of the resulting 
measurement errors. 
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