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Conventional raytracing
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Polarization raytracing

3 or more images of 
transparent object with 
different angle of the polarizer

One piece of height map 
of the frontal surface of 
transparent object

Incident light Reflected light

Transmitted light

Material 1
Material 2

Unpolarized Partially
polarized

Partially
polarized

θ1 θ1

θ2



















⋅
⋅
⋅
⋅



















⋅⋅⋅⋅
⋅⋅⋅⋅
⋅⋅⋅⋅
⋅⋅⋅⋅

=



















⋅
⋅
⋅
⋅

×=Scalar Scalar Scalar

Raytracing RaytracingCalculate
intensity

Calculate
polarization

( ) ( ) ( )( )∫∫ −+−+− dxdyqHpHII yxRE
222min λ

RE II =
xHp =

yHq =
x

p H=

yq H=

( )yx qpHH +−←
4

1

Algorithm
Cost function

Calculate height and normal

min dxdy

Relationship between
normal & height

Input Calc.

Initial
height

Calc
normal

Calc
height

Output
height

Stop if error is small

Input Calc.

Update the surface normal in order to 
minimize the error

Input

Change
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Error

"Cocoon"

Monochrome
cameraCamera adapter

Computer
IR/UV cut-off filter

Linear polarizer

Geodesic dome

Plastic
sphere

40W lamp

Transparent object
inside

Polarizer controller

Initial

20 iteration

Initial [previous method]

10 iteration

Real object [diameter 30mm] Real object

10 iteration

Rendering example

Front shape (estimated)

Front shape (truth)

Back shape (given)

Refractive index &
Illumination (given)

Initial [previous method]

50 iteration

Error(height):2.8mm
Error(normal):14deg

Error(height):0.61mm
Error(normal):7.0deg




