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CLAIMS  

 

1.  A method of imaging comprising: 

genera�ng a superoscillatory field from coherent electromagne�c radia�on; 

placing an object in the superoscillatory field; 

detec�ng one or more intensity distribu�ons of the superoscillatory field sca ered 

by the object; and 

determining at least one characteris�c of the object from the one or more intensity 

distribu�ons; 

in which genera�ng the superoscillatory field comprises passing the coherent 

electromagne�c radia�on through a nanostructured metasurface; and 

in which the nanostructured metasurface is configured to generate an interferometric 

superoscillatory field comprising interference between a plane wave and a superoscillatory field. 

 

2.  A method according to claim 1, in which the coherent electromagne�c radia�on is op�cal 

radia�on, and the object is dimensioned on the nanoscale. 

 

3.  A method according to claim 1 or claim 2, in which the determining comprises providing the 

one or more intensity distribu�ons to a neural network trained with intensity distribu�ons of the 

superoscillatory field sca ered by other objects, and allowing the neural network to deduce one or 

more characteris�cs of the object. 

 

4.  A method according to claim 3, in which the detec�ng comprises detec�ng a plurality of 

intensity distribu�ons corresponding to different posi�ons of the object in the superoscillatory field. 

 

5.  A method according to claim 3 or claim 4, further comprising, prior to the placing: 

posi�oning a first object with one or more known characteris�cs in the superoscillatory field; 

recording at least one intensity distribu�on of the superoscillatory field sca ered by the first 

object; 

repea�ng the posi�oning and recording for a plurality of further objects with known 

characteris�cs; 

providing the recorded intensity distribu�ons to a neural network; and 

training the neural network to deduce characteris�cs of an unknown object using the 

recorded intensity distribu�ons. 
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6.  A method according to claim 3 or claim 4, further comprising, prior to the placing: 

genera�ng by computer processing a plurality of intensity distribu�ons of the 

superoscillatory field sca ered by plurality of computer-generated objects with known 

characteris�cs; 

providing the computer-generated intensity distribu�ons to a neural network; and 

training the neural network to deduce characteris�cs of an unknown object using the 

computer-generated intensity distribu�ons. 

 

7.  A method according to claim 1 or claim 2, in which: 

the detec�ng comprises: 

detec�ng at a first posi�on rela�ve to the object a plurality of intensity distribu�ons 

of the superoscillatory field sca ered by the object, each intensity distribu�on being for a 

different polarisa�on state of the coherent electromagne�c radia�on; and 

op�onally detec�ng further corresponding plurali�es of intensity distribu�ons at 

further posi�ons rela�ve to the object, such that the first posi�on and the further posi�ons 

lie on a closed or open curve or surface around the object; 

and 

the determining comprises: 

retrieving a phase distribu�on of the superoscillatory field at each of the first 

posi�on and any further posi�ons from the plurality of intensity distribu�ons at that 

posi�on; and 

using the intensity distribu�ons and the phase distribu�ons to determine a 

reconstruc�on of at least part of the object by backward wave propaga�on. 

 

8.  A method according to claim 7, in which the different polarisa�on states comprise a le+ 

circular polarisa�on, a right circular polarisa�on, and two orthogonal linear polarisa�ons. 

 

9.  A method according to any preceding claim, in which the at least one characteris�c of the 

object comprises one or more of size, shape, orienta�on, posi�on, movement, appearance, 

composi�on, spacing, presence or absence of a defect, posi�on of a defect, a number of par�cles 

comprised in the object, a type of par�cle comprised in the object, and a material from which the 

object is made. 
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10.  An apparatus configured to implement a method according to any one of claims 1 to 9. 

 

11.  An apparatus for imaging an object comprising: 

a superoscillatory field generator configured to generate a superoscillatory field; 

a detector configured to detect an intensity distribu�on of the superoscillatory field; and 

a processor configured to receive intensity distribu�ons, detected by the detector, of the 

superoscillatory field sca ered by an object placed in the superoscillatory field, and determine at 

least one characteris�c of the object from one or more of the intensity distribu�ons; 

in which the superoscillatory field generator comprises an op�cal source operable to output 

a beam of coherent op�cal radia�on, and a nanostructured metasurface through which the beam of 

coherent op�cal radia�on is passed in order to generate a superoscillatory field; and 

in which the nanostructured metasurface is configured to generate an interferometric 

superoscillatory field comprising interference between a plane wave and a superoscillatory field. 

 

12.  An apparatus according to claim 11, in which the processor is comprised in a computer 

system storing a neural network trained with intensity distribu�ons of the superoscillatory field 

sca ered by other objects and operable to deduce one or more characteris�cs of the object. 

 

13.  An apparatus according to claim 11, in which: 

the superoscillatory field generator comprises a polarisa�on controller configured to select a 

polarisa�on state of coherent electromagne�c radia�on from which the superoscillatory field is 

generated; and 

the processor is further configured to retrieve a phase distribu�on of the sca ered 

superoscillatory field from a plurality of intensity distribu�ons detected for different polarisa�on 

states, and to determine the at least one characteris�c by using intensity distribu�ons and phase 

distribu�ons for at least one posi�on on a closed or open curve or surface around an object in the 

superoscillatory field in backward wave propaga�on calcula�ons. 

 

14.  A computer program, or storage medium storing so+ware comprising a computer program, 

configured to: 

receive, for one or more posi�ons of an object placed in a superoscillatory field, a plurality of 

detected intensity distribu�ons of the superoscillatory field sca ered by the object, each intensity 

distribu�on being for a different polarisa�on state of coherent electromagne�c radia�on from which 

the superoscillatory field is generated, the superoscillatory field having being generated by passing 
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the coherent electromagne�c radia�on through a nanostructured metasurface configured to 

generate an interferometric superoscillatory field comprising interference between a plane wave 

and a superoscillatory field; 

retrieve a phase distribu�on of the sca ered superoscillatory field from the or each plurality 

of detected intensity distribu�ons; and 

determine a reconstruc�on of at least part of the object from the detected intensity 

distribu�ons and retrieved phase distribu�ons. 


