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CLAIMS:  

 

1. A retrographic sensor comprising: 

 a substrate with a first surface, the substrate formed of a first elastomer capable of 

transmitting an image and having a first hardness; 

 a deformable layer disposed on the first surface of the substrate, the deformable layer 

including a material that reflects light passing through the substrate and incident on the first 

surface; and 

 a contact surface for placement in contact with an imaging target, the contact surface 

including particles disposed in a pattern on the deformable layer and separated from the substrate 

by the deformable layer, the particles having a second hardness greater than the first hardness of 

the first elastomer. 

 

2. The retrographic sensor of claim 1, wherein the pattern forms a single layer of the 

particles on the deformable layer. 

 

3. The retrographic sensor of claim 1, wherein the pattern is a closely spaced array. 

 

4. The retrographic sensor of claim 1, wherein the pattern is a regular array. 

 

5. The retrographic sensor of claim 1, wherein the pattern includes a plurality of locally 

hexagonal arrays. 

 

6. The retrographic sensor of claim 1, wherein the pattern is a substantially hexagonal array. 

 

7. The retrographic sensor of claim 6, wherein the particles contact one another within the 

pattern. 

 

8. The retrographic sensor of claim 1, wherein the first surface of the substrate is convex. 
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9. The retrographic sensor of claim 1, wherein the pattern of the particles forms interstitial 

channels that permit a flow of air between the particles on a side opposing the deformable layer. 

 

10. The retrographic sensor of claim 1, wherein the particles are monodisperse. 

 

11. The retrographic sensor of claim 1, wherein the particles are monodisperse microspheres. 

 

12. The retrographic sensor of claim 11, wherein the particles have an average diameter of 

about 5 microns. 

 

13. The retrographic sensor of claim 11, wherein the particles have an average diameter in a 

range between 3-10 microns. 

 

14. The retrographic sensor of claim 11, wherein the particles have an average diameter in a 

range between 1-25 microns. 

 

15. The retrographic sensor of claim 1, wherein the particles include non-spherical particles. 

 

16. The retrographic sensor of claim 1, wherein the particles are polydisperse with a first 

standard deviation about a mean particle size falling within a range of 1-10 microns. 

 

17. The retrographic sensor of claim 1, wherein the particles are formed of 

polymethylsilsesquioxane. 

 

18. The retrographic sensor of claim 1, wherein the particles are formed of one or more of a 

silica, a glass, a melamine, a polystyrene, a polymethylmethacrylate, a polybutylmethacrylate, a 

styrene/acrylate copolymer, a cellulose, and a polylactic acid. 

 

19. The retrographic sensor of claim 1, wherein the particles are formed of one or more of 

nylon and polytetrafluoroethylene. 
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20. The retrographic sensor of claim 1, wherein the first hardness of the first elastomer is a 

Shore A hardness less than 40. 

 

21. The retrographic sensor of claim 1, wherein the second hardness of the particles is a 

Shore A hardness greater than 40. 

 

22. The retrographic sensor of claim 1, wherein the particles are at least partially embedded 

in the deformable layer. 

 

23. The retrographic sensor of claim 1, wherein the first elastomer has a first Shore A 

hardness at least 10 less than a second Shore A hardness of the particles. 

 

24. The retrographic sensor of claim 1, wherein the particles are secured to the deformable 

layer by an adhesive. 

 

25. The retrographic sensor of claim 1, wherein the particles are secured to the deformable 

layer by a polyurethane. 

 

26. The retrographic sensor of claim 1, wherein the particles extend by at least one half of 

their diameter above a layer of adhesive joining the particles to the deformable layer. 

 

27. The retrographic sensor of claim 1, wherein the particles are indirectly coupled to the 

deformable layer through an intermediate layer. 

 

28. The retrographic sensor of claim 1, wherein the first elastomer is an optically clear 

elastomer. 

 

29. The retrographic sensor of claim 1, wherein the first elastomer includes silicone rubber. 

 

30. The retrographic sensor of claim 1, wherein the first elastomer includes a styrenic block 

copolymer. 
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31. The retrographic sensor of claim 30, wherein the first elastomer includes 20% by weight 

of a hydrogenated styrene block copolymer. 

 

32. The retrographic sensor of claim 30, wherein the first elastomer includes 80% by weight 

of a plasticizer. 

 

33. The retrographic sensor of claim 32 wherein the plasticizer includes a tackifier. 

 

34. The retrographic sensor of claim 1 wherein the first elastomer includes a thermoplastic 

elastomer. 

 

35. The retrographic sensor of claim 1, wherein the first elastomer includes one or more of 

polyurethane, plastisol, natural rubber, polyisoprene, and polyvinyl chloride. 

 

36. The retrographic sensor of claim 1, wherein the deformable layer includes reflective 

particles disposed in a second elastomer. 

 

37. The retrographic sensor of claim 1, wherein the deformable layer includes metallic 

particles. 

 

38. The retrographic sensor of claim 1, wherein the deformable layer includes non-metallic 

particles. 

 

39. The retrographic sensor of claim 1, wherein the deformable layer includes titanium 

dioxide. 

 

40. The retrographic sensor of claim 39, wherein the deformable layer includes carbon black 

in an amount sufficient to impart a neutral gray to the titanium dioxide in the deformable layer. 

 

41. The retrographic sensor of claim 1, wherein the deformable layer includes red iron oxide. 



 

24 

 

 

42. The retrographic sensor of claim 1, wherein the material of the deformable layer reflects 

light non-directionally. 

 

43. The retrographic sensor of claim 1, wherein the material of the deformable layer reflects 

light substantially uniformly in all directions. 

 

44. The retrographic sensor of claim 1, wherein the material of the deformable layer includes 

flakes that exhibit at least one of surface roughness, irregular shape, and random alignment 

relative to each other that causes the material to reflect light moderately directionally. 

 

45. The retrographic sensor of claim 1, wherein the material of the deformable layer includes 

flakes that are substantially flat, have a mirror-like surface, and are substantially well aligned 

relative to each other, thereby causing the material to reflect light highly directionally. 

 

46. The retrographic sensor of claim 45, wherein the flakes include at least one of aluminum 

flake and bronze flake. 

 

47. The retrographic sensor of claim 1, further comprising an imaging system coupled to a 

second surface of the substrate opposing the first surface, the imaging system configured to 

capture a plurality of images of the deformable layer through the first elastomer. 

 

48. The retrographic sensor of claim 47, further comprising an illumination system 

configured to illuminate the deformable layer through the first elastomer. 

 

49. The retrographic sensor of claim 48, wherein the illumination system provides a grazing 

illumination to facilitate detection of changes in a surface normal of the deformable layer. 

 

50. The retrographic sensor of claim 48, wherein the illumination system provides 

illumination with two or more light sources, each of the two or more light sources illuminating 

with a different wavelength band from a different direction. 
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51. The retrographic sensor of claim 48, further comprising a photometric stereo analyzer 

configured to estimate at least one of a surface normal and a surface height of the deformable 

layer at a plurality of positions using two or more images of the deformable layer captured in two 

or more different wavelength ranges. 

 

52. The retrographic sensor of claim 1, further comprising an illumination controller for 

sequentially illuminating the first surface with two or more different light sources, each at a 

different position. 

 

53. A retrographic sensor comprising: 

 a substrate of an optically clear elastomer; 

 a deformable layer disposed on a surface of the substrate, the deformable layer including 

a material that reflects light passing through the substrate and incident on the deformable layer; 

and 

 a contact surface disposed on the deformable layer, the contact surface having non-planar 

features of a hardness greater than the substrate and a coefficient of friction less than the 

deformable layer, the non-planar features forming interstitial channels that permit a flow of air 

between the non-planar features of the contact surface. 

 

54. The retrographic sensor of claim 53 wherein the hardness of the non-planar features is 

greater than the deformable layer. 

 

55. The retrographic sensor of claim 53, wherein the non-planar features extend normal to the 

surface of the substrate. 

 

56. The retrographic sensor of claim 53, wherein the non-planar features include particles 

disposed on the deformable layer. 

 

57. The retrographic sensor of claim 53, wherein the non-planar features include pillars 

extending from the deformable layer. 
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58. The retrographic sensor of claim 53, wherein the non-planar features include one or more 

of pyramids and cones extending from the deformable layer. 

 

59. The retrographic sensor of claim 53, wherein the non-planar features include tapered 

structures extending from the deformable layer. 

 

60. A method for fabricating a retrographic sensor, the method comprising: 

 providing a substrate of an elastomer capable of transmitting an image; 

 disposing a deformable layer on a first surface of the substrate, the deformable layer non-

directionally reflecting light passing through the substrate and incident on the first surface of the 

substrate; and 

 forming a contact surface on the deformable layer, the contact surface configured to 

contact a target surface for imaging with the retrographic sensor, the contact surface including 

particles disposed in a pattern on the deformable layer and separated from the substrate by the 

deformable layer, the particles having a second hardness greater than the substrate. 

 

61. The method of claim 60, further comprising applying the particles onto the deformable 

layer in an aqueous solution of polyurethane. 

 

62. The method of claim 60, wherein at least one of the elastomer and the deformable layer 

includes a tackifier, and wherein forming the contact surface includes applying a layer of the 

particles to the deformable layer and flowing an aqueous polyurethane onto the particles. 

 

63. The method of claim 60, wherein the particles include monodisperse 

polymethylsilsesquioxane particles. 

 

64. The method of claim 60, wherein the particles include polydisperse 

polymethylsilsesquioxane. 
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65. The method of claim 60, wherein forming the contact surface includes spin coating a 

mixture of an adhesive and monodisperse particles of polymethylsilsesquioxane. 

 

  


