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Accordingly, improvements are sought in wave modulation encoding of data. 

SUMMARY OF THE INVENTION 

While the way that embodiments of the present invention addresses the disadvantages of 

the prior art will be discussed in greater detail below, in general, embodiments of the present 

invention seek to provide novel modulation techniques offering significantly enhanced signal-to-

noise ratio (i.e., data-produced energy over the channel noise energy), reduced bandwidth 

requirements, increased noise immunity in recovering data at a given Bit Error Rate (BER), and 

improved dynamic control of the modulation process.  

Phase-amplitude-time modulation offers significant increases in data transmission rates 

compared to prior modulation methods/techniques. The new technique can be applied to any 

frequency and most existing wired and wireless telecommunications infrastructure. 

 One aspect of the invention provides a method for encoding digital data comprising 

generating an amplitude-time modulated sine wave; generating a phase-modulated sine wave; and 

summing the amplitude-time modulated sine wave and the phase-modulated sine wave to 

generate a compound sine wave.  Embodiments of the present invention includes generating a 

sine wave for transmission at phase 0; restricting additional wave transmission(s) from peak and 

zero crossing phases; generating at least one additional sine wave during variable non-restricted 

phases; distorting one or more of the sine waves through distortion of amplitude-time modulation 

to encode digital information; and encoding bit content 1 to n during distortion of the sine wave 

through amplitude-time modulation. 

In some embodiments, the method includes transmitting phase-shifted sine waves at 

density 1 to n within a cycle. 

In some embodiments, the method includes decoding the digial information from phase 

variation distortions of the sine wave amplitude. 

In some embodiments, the distortion of amplitude-time modulation is accomplished via at 

least one of holding and minimally delaying a sine wave’s amplitude for a short period. 

In some embodiments, the distortion of amplitude-time modulation of the sine wave 

approximates a step on the sine wave. 

In some embodiments, the method includes encoding one of a data value and a control 

message as a phase shift of one of the sine waves. In some embodiments, the phase shift indicates 

one or more of: inversion of orientation of modulation; inversion of the position of a Most 

Significant Bit (MSB); predefined formatting of data bit locations; and representation of 

additional data bits for a symbol. 

In some embodiments, the amplitude and phase components of one or more of the sine 

waves are sent in quadrature to each other. 
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In some embodiments, the method includes summing the sine waves, converting the sine 

waves, and transmitting the sine waves.  In some embodiments, the method includes receiving the 

sine waves and deciphering the digital information from the sine waves. 

 Another aspect of the invention provides a system for encoding digital data comprising an 

amplitude-time modulator for generating an amplitude-time modulated  sine wave; a phase 

modulator for generating a  phase-modulated  sine wave; and a summing module  for summing 

the  amplitude-time modulated sine wave with the  phase-modulated  sine wave  to generate a 

compound sine wave. In some embodiments, the system includes a generator circuit configured to 

generate a sine wave; a controller/counter circuit configured to restrict variable wave 

transmission from peak and zero crossing phases, and generate variable wave transmissions 

during non-restricted phases; a controller/delay circuit configured to distort amplitude-time 

modulation of the sine wave to encode digital information with a bit content of 1 to n within a 

cycle; a summing circuit configured to sum the first sine wave with the variable phase-shifted 

sine waves into a compound sine wave; an up-converter circuit configured to convert the 

compound sine wave for transmission; and a front-end circuit configured to transmit the 

compound sine wave. 

In some embodiments, the system includes a down-converter circuit configured to decode 

the digital data from the compound sine waves. 

In some embodiments, the controller/delay circuit is configured to delay the wave phase 

to produce amplitude-time distortion of the sine wave.  In some embodiments, the amplitude-time 

distortion of the sine wave is exhibited as a step in a wave signature. 

In some embodiments, the controller/counter circuit is configured to generate a plurality 

of sine wave carriers 1 to n at pre-determined phase location periods along the sine wave. 

An embodiment of the invention features, in some applications, a modulation method for 

combining amplitude-time and variable phase modulation of a sine wave.  The amplitude-time 

modulation avoids the majority of spurious emissions exhibited by legacy modulation techniques 

through small phase variation distortions of the sine wave amplitude.  In some implementations, 

the amplitude-time modulation is described as a step-porch distortion based on small per-bit 

modifications exhibited as step- or porch-like phase changes to the sine wave during amplitude-

time modulation.   

Legacy modulation schemes are typically limited to a small number of bits of information 

per cycle due to noise and other modulation byproducts.  In contrast, amplitude-time modulation 

is capable of 1 to n bits per cycle, n being limited only by the communication hardware device 

architecture, and peak and crossing phases.  Each collection of n bits may comprise a bit set 

located at set phase angles of each wave.  Additionally, more bits per cycle can be transmitted 

with the reduced noise signature of amplitude-time modulation.  Typically 
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Claims: 

 

1. A method for encoding digital data  comprising: 

 generating an amplitude-time modulated sine wave; 

 generating  a phase-modulated sine wave; and 

 summing the amplitude-time modulated sine wave and the phase-modulated sine wave to 

generate a compound sine wave. 

 

2. The method of claim 1, wherein modulation of at least one of the amplitude-time 

modulated sine wave and the phase-modulated sine wave serves to encode data within the 

compound sine wave. 

 

3. The method of claim 1 further comprising applying guard bands at zero crossings and 

peak values of one or more of the sine waves. 

 

4. The method of claim 1 wherein generating the amplitude-time modulated sine wave 

comprises at least one of holding and delaying an amplitude for a short period. 

 

5. The method of claim 1 wherein encoding of data within the amplitude-time modulated 

sine wave approximates steps on the amplitude-time modulated sine wave. 

 

6. The method of claim 1 wherein generating the compound sine waves comprises mixing 

the amplitude-time modulated sine wave and phase-modulated sine wave with a ninety (90) 

degree quadrature relationship. 

 

7. A system for encoding digital data  comprising: 

 an amplitude-time modulator for generating an amplitude-time modulated  sine wave; 

 a phase modulator for generating a  phase-modulated  sine wave; and 

 a summing module  for summing the  amplitude-time modulated sine wave with the  

phase-modulated  sine wave  to generate a compound sine wave. 
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8. The system of claim 7 further comprising a compound sine wave modulator for 

modulating the compound sine wave to encode data thereon. 

 

9. The system of claim 7 wherein the amplitude-time modulator is programmable to select 

an angle where data bits reside on the amplitude-time modulated sine wave. 

 

10. The system of claim 7 wherein the phase modulator is programmable to encode a control 

signal regarding interpretation of data encoded by the amplitude-time modulator. 

 

11. The system of claim 7 wherein the amplitude-time modulated sine wave includes data 

encoded as a step in a wave signature of the amplitude-time modulated sine wave. 

 

12. The system of claim 7 further comprising: 

 an up-converter module for converting the compound sine wave for communication 

transmission; 

 a transmitter for transmitting the compound sine wave; and 

 a down-converter module for deciphering data encoded in the transmitted compound sine 

wave. 


