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A Simple Dual-Antenna Diversity Gain 
Measurement System at 2.4GHz
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Abstract

  A simple measurement system is built to estimate the dual-antenna diversity gain at 2.4GHz easily in open lab 

environment. To obtain multipath fading propagation channel, the system consists of two transmission horn that 

placed on opposite direction and a rotating stage mechanically changing the position of test dual-antenna with 

time over distance greater than one wavelength. Estimated diversity is nearly same as theoretical value such 

that measured diversity gain of 30mm separated is about 6dB similar to theoretical value of 5.7dB and increases 

monotonically with the increasing separation distance as predicted by the theory. Proposed measurement 

system that is simple enough to fit in a small space can evaluate the performance of various dual-antennas 

with a reasonable accuracy with lower 5% difference between the ten sets of measured waveform distribution 

and theoretical Rayleigh cumulative distribution.
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I. Introduction

 RF signals propagating in an urban environment 

are subject to the fading effect that causes 

performance degradation in wireless communication 

systems. The fading problem is alleviated by 

combining more than one signal through multiple 

communication channels. The final signal quality 

will depend on the degree of correlation among the 

individual signals [1]. The propagation path along 

with the physical arrangement of the multiple 

antennas determines the overall degree of signal 

correlation. For scattering-rich non-line-of-sight 

propagation paths, mainly the antenna coupling will 

decide the signal correlation. Therefore, the goal of 

dual antenna design is to remove the antenna 

coupling even when antennas are placed closely 

together. The theoretical diversity gain for a 

dual-antenna is obtainable from its effective 

coupling coefficient (ECC) calculated using the 

far-field radiation patterns of individual antenna 

elements [2]. However, it is also necessary to 

confirm the diversity gain by direct measurements. 

Several indoor measurement systems offering the 

fading-channel effect in a small laboratory space 

have been introduced [3-4]. In ref[3], reverberation 

chamber and several stirrer are used to make 

scattering-rich non-line-of-sight propagation paths. 

Ref[4] proposed the spatial fading simulator which 

transmits the desired and interference signal 

simultaneously. These systems can provide accurate 

measurement results but the structures are 

complicated. In this paper, a simple alternative test 

setup that estimates diversity gains of linearly 

co-polarized dual antennas investigates quickly.

II. Measurement system

 The measurement system assembled to achieve a 

minimal path correlation at 2.4 GHz is described in 

Fig. 1(a). The dual-antenna mounted on lateral 

metallic arm on top of a rotating stage moves with 

an angular speed of 10 rpm. Two open-end S-band 
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standard waveguides transmit 18 dBm of 

phase-synchronized fixed-frequency signal with 6 

dB of radiation directivity. The transmit open-end 

guides are placed 60 cm away from the dual 

antenna in opposite directions with the main 

radiation beam pointing away from the dual 

antenna. The accuracy of our measurement system 

is tested by analyzing the signal waveforms 

received through the dual antenna that is shown in 

Fig. 1(b). The dual-antenna that consists of two 22 

mm-long monopole antennas resonating at 2.4 GHz 

is fabricated using 1.5 mm-wide metal lines 

patterned on 0.8 mm-thick FR-4 substrate.

(a)

     

(b)

Fig. 1. (a) Proposed dual-antenna diversity-gain 

measurement system at 2.4 GHz (b) 

Dual-antenna samples for 2.4 GHz 

measurements, the reference antenna has 

separation distance, S, of 30 mm

 The measurement procedure involves recording the 

two signal waveforms using spectrum analyzers 

with envelope-power-tester mode option, and 

downloading the data to a personal computer. Signal 

waveforms measured for the time duration of 20 

seconds are converted into the probability 

distribution function (PDF) curves using a linear 

power scale ranging from 0 to 8 times the average 

power value. Under an ideal fading-channel 

condition, the differences between measured PDF 

curves and the theoretical Rayleigh PDF are 

represented with sum of squared error (SSE) 

numbers, and they are plotted in Fig. 2 for various 

antenna rotation radiuses. Ten sets of measurements 

are performed to obtain the average and the 

standard deviation for each SSE values. The results 

show that the SSE decreases to 5 percent when the 

rotation radius becomes 20 cm indicating the 

measurement system provides an effective fading 

channel. Another key factor for the system 

evaluation is the mean effective gain (MEG) [5] for 

each antenna element in the dual antenna. When the 

two element antennas are identical, the measured 

MEG’s should be identical. With our setup, the 

MEG differences are always less than 1dB in all 

the measurements.
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Fig. 2. Sum of squared errors between the measured 

signal PDF’s and the Rayleigh PDF for 

different antenna rotation radiuses

III. Diversity gain measurement

 Our proposed measurement system is applied to 

estimating the diversity gain of various dual 

antenna samples. Although many methods exist in 

combining the two signals through the dual 
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antennas, we use a simple selection-combining 

technique that picks the stronger signal for a given 

time interval. The cumulative probability distribution 

(CDP) curves are then plotted for both individual 

and combined signal waveforms. Finally, the 

diversity gain is determined from the difference in 

signal strengths between the two CDP curves at 

the ten-percent probability level. The diversity gain 

of the reference antenna shown in Fig. 1(b) is 

tested first for various rotation radiuses to check 

the system accuracy with zero path correlation. The 

separation distance, S, of 30 mm is sufficiently large 

so that the diversity gain should reach theoretical 

value of 5.7 dB for completed uncorrelated 

dual-antenna signals. The measured gains plotted in 

Fig. 3 (a) show the diversity gain approaches the 

theoretical valueof 5.7dB when the rotation radius of 

20 cm is used. This means that in this 

measurement system environment, 20 cm rotation 

radius can give zero path correlation.

   

(a)

  

(b)

Fig. 3.  The diversity gain (a) for the reference 

antenna using different rotation radiuses, 

and (b) for dual-antenna samples with 

various separation distances

 Similar dual-antenna samples with varying 

separation distances of 0.2, 1.0, 2.0, 4.0, 5.0 and 30 

mm are tested next with a fixed rotation radius of 

20 cm. Impedance mismatches for all samples are 

better than -10 dB. For each antenna samples, five 

sets of measurement are performed to extract the 

average and the standard deviation for the diversity 

gain. Theoretical values are obtained through similar 

procedure of comparing theoretical CDF curves of 

signal strength of individual signal and selection 

combined signal. According to [1], theoretical CDF 

curves of individual signal can be plotted as

   exp 

where   represents signal strength and   

represents MEG.

 Then, CDF curves of selection combined signal can 

be obtained as

  exp  
exp  

  





  







 

where   represents signal strength,   and   

represents MEG of each antenna element, Q 

represents marcum q function and   represents 

envelope correlation coefficient[2] calculated with 

measured complex radiation patterns.

 The results plotted in Fig. 3 (b) show that the 

diversity gain increases monotonically with the 

increasing separation distance as predicted by the 

theory. This means that this system can estimate 

the diversity gain degenerated by signal correlation 

causes by antenna coupling.
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IV . Concl usion

 A 2.4GHz dual-antenna diversity-gain measurement 

system that is simple enough to fit in a small open 

space is discussed in this paper. To achieve 

multipath fading channel and zero path correlation, 

AUT rotation radius is optimized with checking the 

individual signal distribution and the diversity gain 

of non-coupling reference dual antenna. The system 

evaluates the performance of various dual-antennas 

with a reasonable accuracy, and it could be used to 

optimize small-size dual-antenna designs. New 

antenna design techniques such as de-correlation 

antenna feed networks are being studied using the 

proposed measurement system.
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