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(a) Polarization of Light
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(a) Polarization of Light

5



(b) Why Linear Polarization?

Chemistry
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Astronomy

(b) Why Linear Polarization?
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(c) Classical Polarimeter

Rotating-Polarizer-Based Polarimeter

Ex. Krüss P3000

~ 8.000 euro 8

if LP

Rotating Linear 
Polarizer



(c) Classical Polarimeter
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Conical Refraction
and

Linear Polarization
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(a) Conical Refraction: The Theory

Input  
Beam

Hollow  
Cylinder

Cone

Biaxial 
Crystal

(i) Phenomenological Description
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(a) Conical Refraction: The Theory

(ii) Fresnel Surface
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(a) Conical Refraction: The Theory

(iii) Belsky-Khapalyuk-Berry Theory
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(b) The Experiment
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(b) The Experiment
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(c) A Snapshot Polarimeter
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(c) A Snapshot Polarimeter



The Algorithms:
From Images

to Angles
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(a) The Computer Vision Task

Reference Sample

Sample that 
Rotates Pol. 𝝅/𝟒

Δ𝜙 𝐶𝑅

𝚫𝐏𝐨𝐥𝐚𝐫𝐢𝐳𝐚𝐭𝐢𝐨𝐧 =
𝚫𝝓 𝑪𝑹

𝟐
=

𝝅

𝟒
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(a) The Computer Vision Task

Δ𝜙 𝐶𝑅

Simulated Non-Noisy

Experimental
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(b) Generated Labelled Datasets

Simulated Non-Noisy
Simulated Noisy

Experimental 18



(c) Developed Algorithm Types

(i) Geometric Algorithms

(ii) Neural Network Algorithms

(iii) Embedding Space Algorithms

(iv) Simulation Fitting Algorithms
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• Symmetric about “main axis”

• Gravitat. and Geom. Center aligned in main axis

Geom. cent. 
- Hard! -

Gravit. cent. 
- Easy! -

(c) Developed Algorithm Examples
(i) Geometric Algorithms:
Theoretical Image-Angle Property 1
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(c) Developed Algorithm Examples
(i) Geometric Algorithms:
The Kalkandjiev-Rotation Algorithm
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(c) Developed Algorithm Examples
(i) Geometric Algorithms:
The Mirror Flip Algorithm
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At 0 rad

At 𝝅/𝟐 rad

At 𝝓 𝑪𝑹



(d) Developed Algorithm Examples
(i) Geometric Algorithms:
The Gravicenter Regression Algorithm
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• Angular histogram geom. center, cosine squared displaced by 𝜙 𝐶𝑅

𝐼 𝜃 = 𝐶 cos2
𝜃

2
 − Φ 𝐿𝑃

2Φ 𝐿𝑃

2Φ 𝐿𝑃

(c) Developed Algorithm Examples
(i) Geometric Algorithms:
Theoretical Image-Angle Property 2
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(c) Developed Algorithm Examples
(i) Geometric Algorithms: 
The Cosine Squared Fit Algorithm

23



(c) Developed Algorithm Examples
(i) Geometric Algorithms: 
The Cosine Squared Fit Algorithm
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(d) Developed Algorithm Examples
(i) Geometric Algorithms: 
The Bimodal Histogram Algorithm
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• Crescent ring + 𝝅 rotated (abt. Geom. Center) = full ring as CP

𝐼𝑚𝑎𝑔𝑒 𝑅𝑜𝑡 𝜋 (𝐼𝑚𝑎𝑔𝑒)

(c) Developed Algorithm Examples
(i) Geometric Algorithms:
Theoretical Image-Angle Property 3
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(c) Developed Algorithm Examples
(i) Geometric Algorithms: 
The Blazquez Algorithm
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(c) Developed Algorithm Examples
(i) Geometric Algorithms: 
The Blazquez + RANSAC Cosine Fit Algorithm
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(c) Developed Algorithm Examples
(ii) Neural Network Algorithms

CNN + FC 𝜙 𝐶𝑅
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(c) Developed Algorithm Examples
(iii) Embedding Space Algorithms:
Dimensionality of the Data Manifold
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𝑋

𝑋

𝑋2 𝐷



(c) Developed Algorithm Examples
(iii) Embedding Space Algorithms:
Observation 1

27

𝑹𝟎, 𝒘𝟎, 𝒛, 𝚽 𝑳𝑷

𝑋2 𝐷
4𝐷

BKB Eqts



(c) Developed Algorithm Examples
(iii) Embedding Space Algorithms:
Observation 1

27

PCA to 2D
Non-Noisy 

Data



(c) Developed Algorithm Examples
(iii) Embedding Space Algorithms:
Observation 2
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𝑋2 𝐷 Non Noisy

Noisy



(c) Developed Algorithm Examples
(iii) Embedding Space Algorithms:
Observation 2
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PCA to 2D
Noisy 
Data



(c) Developed Algorithm Examples
(iii) Embedding Space Algorithms:
Happy Idea
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𝑋2 𝐷

4𝐷

Embedding 
Fct. 



(c) Developed Algorithm Examples
(iii) Embedding Space Algorithms:
Dimensionality of the Data Manifold
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(c) Developed Algorithm Examples
(iii) Embedding Space Algorithms:
Triplet Loss Neural Network + KNN
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(c) Developed Algorithm Examples
(iii) Embedding Space Algorithms:
PCA, UMAP, NCA + KNN

PCA
UMAP NCA
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(c) Developed Algorithm Examples

KPCA
LLE ISOMAP

(iii) Embedding Space Algorithms:
KPCA, LLE, ISOMAP + KNN
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(c) Developed Algorithm Examples
(iv) Simulation Fitting Algorithms:         𝑹𝟎, 𝒘𝟎, 𝒛, 𝚽 𝑳𝑷  

𝑹𝟎 = 𝟏𝟔𝟕, 
𝒘𝟎 = 𝟐𝟒, 

𝑪𝑷

𝒛 = 𝟎,
 𝑳𝑷 = 𝝅/𝟖
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(deg)

(d) Algorithm Benchmark (i) Simulated Non-Noisy Images

Best-case 
Scenario

for
540 x 540

camera
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(deg)

(d) Algorithm Benchmark (ii) Simulated Noisy Images

Worst-case 
Scenario

for
540 x 540

camera
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(d) Algorithm Benchmark (iii) Experimental Images

Lab 
Scenario

for
540 x 540

camera
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(c) Algorithm Benchmark
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Best-Case Worst-Case Exp-Case 
(mag. Lens)

Best Mean 
Abs. Error 

(deg)

0.001 1.93 0.51

Best Alg. 
Time/meas. 

(s)

0.22 0.22 0.52

540 x 540
camera

• Best Algorithm depends on noise level!



The Device
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(a) A Proof-of-Concept
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Collimator

Camera

Lens

Sample Tube

Polarizer
Crystal Adjuster

Single-Mode 
Fiber from 

LED to 
Collimator

Cased LED

Display showing 
GUI

Crystal
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(a) A Proof-of-Concept
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(b) Commercial Viability

540 x 540 Best-Case Exp-Case 
(mag. Lens)

Proof-of-
Concept

 (no mag.)

Abs. Error (deg) 0.001 0.51 0.72

Time/meas. (s) 0.22 0.52 0.36
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(b) Commercial Viability
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Our CR 
Polarimeter

45

3 kg!
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Future Work
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• Find limit precision for increasing pixel density

• Improve Proof-of-concept alignment/casing

• Deep Learning with experimental labelled dataset



Questions
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