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ABSTRACT 

This paper describes an existing antenna range that uses 

a unique dual receiver configuration to solve the problem 

of measuring both conventional microwave antennas and 

the new digital beam-forming antennas in a single facility. 

The paper will include a comparison of antenna 

measurements from tests performed on actual antennas 

using the two different receivers.  
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1. Introduction 

Toshiba Corporation, working with Nearfield Systems 

Inc., recently enhanced their large 33 m x 16 m vertical 

near-field antenna range [1] to include both analog and 

digital instrumentation receivers. The 20 MHz IF input 

analog receiver is used on the range, with appropriate 

downconversion, for conventional antenna measurements 

involving antennas at RF and microwave frequencies. The 

digital receiver is available for measuring digital beam-

forming (DBF) antennas with a digital-only in-phase, 

quadrature interface. This flexible range configuration is 

capable of using either receiver for fast multi-beam, multi-

frequency antenna measurements and is an economical 

solution, since common elements like the beam controller 

and host computer may be shared between the two 

receivers. 

 

This paper will describe the dual receiver configuration 

including a description of each receiver and the method 

for changing the range configuration between the two. 

 

 

2. Dual-Receiver Facility Configuration 

The Toshiba near-field facility contains one of the 

largest vertical near-field scanners in the world. With a 

scan area of 33 m x 16 m it was designed as a resource 

capable of measuring many types of antennas. In addition 

to the large scanner, the range also provides the 

instrumentation necessary to accommodate a wide variety 

of antennas including a frequency range of 1 to 50 GHz, 

pulse mode test capability and the ability to test digital 

beam-forming antennas with a digital-only interface.  

The requirement for testing the DBF antennas led to the 

design and implementation of a unique dual receiver 

configuration, which allows the use of either analog or 

digital receiver depending on the type of antenna being 

tested. A block diagram of the dual-receiver system is 

shown in Figure 1. 

 

 

Figure 1 – Diagram of Dual-Receiver System 

The system rack configuration, shown in Figure 2, is 

designed to allow sharing of the host computer and beam 

controller between the two receivers. The configuration is 



easily changed from one configuration to the other with 

just a few cables and software setup changes. 
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Figure 2 – Dual Receiver Instrument Racks 

The analog receiver is the NSI Panther 6000 High Speed 

Receiver and Beam Controller [2]. It includes an 

integrated beam-controller and is used for high-speed 

microwave antenna measurements that require many 

frequencies and beams to be measured.  

The digital receiver is the NSI Panther 6500 Digital 

Beam-forming (DBF) receiver [3]. It also includes an 

integrated beam-controller and is used to measure 

antennas with a digital interface.  

The RF system includes two Panther 7020 High-Speed 

Synthesizers, the NSI-RF-5940 Distributed Frequency 

Converter and Frequency Multipliers for use with the 

analog receiver.  

With two receivers on the same antenna range the 

question inevitably arises regarding the accuracy of the 

measurements. Since each receiver is used on a different 

type of antenna, the problem becomes one that is difficult 

to answer, since comparison measurements cannot easily 

be made. To solve this problem, Toshiba devised a 

digitizing interface that would allow any type of X-band 

antenna or gain horn with a single RF port to be used with 

the digital receiver. The interface down-converts and 

digitizes the X-band frequency to create digital I and Q 

signals that can be used by the digital receiver. The 

interface also includes a phase-locked exciter that is used 

to generate multiple frequencies for the digital tests.  

Even using this configuration, shown in Figure 3, the test 

scenario is not ideal, since there are still elements that are 

not common to both receiver setups and these will 

contribute to the uncertainty, however, comparison 

measurements may now be made using both receivers on 

the same antenna so that some idea of the measurement 

error between the two receivers may be established.  
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(a)  Test setup of analog receiver 
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(b)  Test setup of digital receiver 

Figure 3 –Diagram of Dual-Receiver Test Setup 

 

 

 



3.  Comparison of Near-field Measurement Results 

In order to compare the performance of the analog and 

digital receivers, an X-band Standard Gain Horn (SGH) 

was used for the comparison antenna. For the 

measurement, four frequencies (f1, f2, f3, f4) were 

selected within X-band to be used for both the digital and 

analog receiver measurements.  

Figure 4 shows the near-field measurements made using 

the analog and digital receiver. For each frequency, the 

right-side 2D plot shows the amplitude distribution and 

left-side 2D plot shows the phase distribution. The analog 

receiver measurement is shown above the digital receive 

measurement in each case. The amplitude distribution is 

normalized by the peak value of the near-field scan but 

the phase distribution is not normalized. The scan area is 

approximately 0.5 m (X-axis) by 0.7 m (Y-axis). The scan 

area of the Y-axis is set wider to minimize truncation 

error. The scan area selected allows a far-field pattern 

range of approximately 50 degrees in azimuth and 70 

degrees in elevation. The distance between the AUT and 

Probe is set to approximately 3 wavelengths at the higher 

frequency. The measured near-field distribution results 

show that both receivers are in good agreement. The next 

section will examine the far-field patterns. 

 

 

(a) Frequency f1 

 

(b) Frequency f2 

 

 

(c) Frequency f3 

 



 

d) Frequency f4 

Figure 4 –Near-field measurements (dual receiver) 

4.  Comparison of Far-field Measurement Results 

The Near-field measurements shown in section 3 were 

used to generate a corresponding far-field pattern for each 

case. Figure 5 shows the comparison results of the far-

field plots using the analog and digital receivers for each 

of the four frequencies. The plots show elevation on the 

right and azimuth on the left with the analog and digital 

measurements overlaid on the same plot. The plots are 

normalized to the peak level.  

The far-field patterns shown are in very good agreement 

even though a different exciter is used for the analog and 

digital measurements.  

 

 

(a) Frequency f1 

 

 

 

(b) Frequency f2 

 

 

(c) Frequency f3 

 

 

(d) Frequency f4 

Figure 5 –Far-field measurements using dual 

receiver.(solid: analog receiver, dash: digital receiver). 

 

Figure 6 shows the repeatability error, using back-to-

back scans, of an azimuth cut for both analog and digital 

receivers. The repeatability measurements compare within 

the range repeatability error of approximately -50 dB. 

 

 



 
        (a) digital receiver              (b) analog receiver 

Figure 6 –Repeatability error 

 

5. Comparison of Directivity  

Figure 7 plots the results of directivity measurements 

using the analog and digital receivers. The plot also shows 

SGH gain. The vertical axis is normalized by the SGH 

gain of frequency f0. 

First, the directivity using analog and digital receivers is 

compared. The difference in the directivity at each of the 

four frequencies from f1 to f4 is 0.268 dB, 0.12 dB, -

0.096 dB and 0.168 dB respectively. At these four 

frequencies, the maximum difference in directivity is 

0.268 dB.  

Next, the directivity using the analog receiver is 

compared to the SGH gain curve.  Table 1 summarizes the 

differences in gain between the 15-frequency points of 

Figure 7. As the table indicates, the maximum difference 

is obtained 0.185 dB. 

The results indicate that the dual-receiver system 

provides very consistent results when making either 

analog RF or DBF antenna measurements. 
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Figure 7 –Directivity plot (Analog, Digital, SGH Gain) 

 

Table 1 –Directivity comparison 

Frequency Difference[dB] Frequency Difference[dB] Frequency Difference[dB]

FL 0.023 f1 0.005 fg 0.054

Fa -0.055 fe -0.057 f4 0.143

Fb 0.072 f2 -0.143 fi 0.151

Fc 0.185 ff -0.125 fj 0.033

Fd 0.095 f3 -0.032 fh -0.067  

 

6.  Summary 

This paper describes the measurement results obtained 

using both analog and digital receivers to measure the 

same antenna. It is shown that the near-field distribution, 

far-field pattern and directivity measurements using an X-

band SGH result in excellent agreement between the two 

receivers. The dual receiver configuration is a unique 

design which maximizes system resources by sharing the 

host computer and high speed beam controller between 

the two receivers resulting in a very flexible and powerful 

solution.  
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