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Abstract—By modification of the classical retrodirective arrays 
(RDAs) architecture a directional modulation (DM) transmitter 
can be realized without the need for synthesis. Importantly, 
through analytical analysis and exemplar simulations, it is proved 
that, besides the conventional DM application scenario, i.e., secure 
transmission to one legitimate receiver located along one spatial 
direction in free space, the proposed synthesis-free DM 
transmitter should also perform well for systems where there are 
more than one legitimate receivers positioned along different 
directions in free space, and where one or more legitimate 
receivers exist in a multipath environment. None of these have 
ever been achieved before using synthesis-free DM arrangements. 

Index Terms—Directional modulation (DM), information 
pattern, interference pattern, retrodirective array (RDA), 
synthesis-free. 

I. INTRODUCTION

IRECTIONAL modulation (DM) is a promising 
technology, being categorized as a keyless physical-layer 

wireless security means. It endows transmitters the ability to 
distort signal waveform signatures projected wirelessly along 
all spatial directions in free space other than an a-priori selected 
direction along which a legitimate receiver locates [1].  

In some early reported DM work the characteristic of the 
direction-dependent signal modulation format transmission 
was achieved by directly reconfiguring the antenna radiating 
elements during data transmission. Here re-configurability was 
realized by either altering the near-field electromagnetic 
boundaries [2], [3], or by re-routing the excitation currents on 
radiating structures [4], resulting in changeable far-field 
radiation patterns that were direction-dependent. The major 
problem associated with these DM architectures is lack of 
effective synthesis methods because there are no analytical 
means to describe the complex interaction between the 
near-field boundaries or current distributions and their far-field 
radiation behaviors. This problem was solved by introducing 
excitation-reconfigurable antenna arrays, which have ability to 
update array excitation weightings on a per transmitted symbol 
basis. At first the excitation weighting updates were performed 
using attenuators and phase shifters at radio frequency (RF) 
frontends [5]–[9], then it was illustrated in [10] that excitation 
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could also be updated in the digital baseband, avoiding the use 
of more expensive yet less precise RF reconfigurable 
components. 

Synthesis methods for excitation reconfigurable DM 
transmitter arrays have progressed greatly in recent years. Bit 
error rate (BER) driven optimization algorithm assisted 
approaches were presented in [5], [6], [11], [12]. A variety of 
DM synthesis methods by constraining different properties of 
array far-field radiation patterns were described in [13]–[17]. 
An orthogonal vector approach was firstly proposed in [1] and 
further refined in [18], which synthesizes DM transmitter 
arrays by generating orthogonal vectors/interference in the null 
space of the channel vectors between the DM transmitters and 
the legitimate receivers. This approach is relatively universal as 
it is compatible with both static and dynamic DM systems [19], 
and can be readily deployed into modern digital wireless 
transmitters [20]. Furthermore, the orthogonal vector approach 
can be readily extented to endow DM transmitters with the 
ability for multiple independent secure beam transmissions 
[21]–[23] and to make the DM technology applicable in 
multipath environment [24], [25]. Using the orthogonal vector 
concept the DM synthesis can be considered as a process of 
injecting artificial interference that is orthogonal to the 
transmitted information signals along selected direction(s) in 
free space or at desired location(s) within a multipath 
environment. In other words it is the process of generating 
far-field patterns, in free space, or far-field distributions, in 
multipath environments, which have power null(s) at 
location(s) where intended receiver(s) is/are placed. Since 
artificial interference is injected into DM systems through these 
patterns, we shall refer to them as interference patterns 
hereafter. Similarly the far-field patterns through which 
information signals are conveyed are labelled as information 
patterns in this paper. For more detailed information on DM 
technology, interested readers are suggested to read the 
overview papers [26], [27]. 

Some practical issues with all of the above mentioned DM 
synthesis approaches include the acquisition of the desired 
secure communication direction along which the legitimate 
receiver locates, and the demand of heavy computation, 
especially for dynamic DM systems, as well as applications in 
the multipath environment. These hinder the real-time response 
of implemented DM transmitters. For example, the BER-driven 
methods in [5], [12] and the far-field radiation pattern synthesis 
approaches in [14], [15] require a number of iterations in 
optimization processes; the far-field pattern separation method 
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