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Overview of Bossa Nova Vision 

BOSSA NOVA Vision, formerly BOSSA NOVA 
Technologies, is a LLC (Limited Liability 
Company) founded in 2018, located in Los 
Angeles, USA 

 
Small business of 4 people specialized in 
optics, electronics, imaging and software 
development (3 PhDs, 1 Engineer) 

LAX 
Los Angeles 

International Airport 
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What is Luster ? 

Visual appearance of hair 
is a combination of… 

Problematic   
Measuring the parameters and correctly quantifying Luster 
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What is Luster ? 

Luster sensation is considered to depend on 3 main parameters: 

Luster qualifies the visual appearance of the object 

Luster is strongly linked to the idea of quality and beauty of an object 

Scientists have tried to compute a parameter that would quantify the 
visual luster sensation* 

The amount of reflected 
light 

The sharpness of the 
reflection 

The background on which the 
reflection is observed 

The more reflected light there is, 
the higher the luster is 

The sharper the reflection is, 
the higher the luster is 

The darker the background is, 
the higher the luster is 

Higher 
 luster 

Higher 
 luster 

Higher 
 luster 
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Several Luster formulae have been developed and published* by scientists  

using goniometers and other instruments to tentatively quantify human perception of Luster 

 

Examples of formulae : 

𝑳𝑹𝒆𝒊𝒄𝒉−𝑹𝒐𝒃𝒃𝒊𝒏𝒔 =  
𝑺

𝑫 × 𝜽𝟏/𝟐
 

𝑳𝑻𝑹𝑰 = 
𝑺

𝑺+𝑫
∙

𝜽𝒓𝒆𝒇

 𝜽𝟏/𝟐
 

𝑳𝑩𝑵𝑻 = 
 𝑺𝒊𝒏

(𝑫 + 𝑺𝒐𝒖𝒕)×𝑾𝒗𝒊𝒔𝒖𝒂𝒍
 

The parameters used in the formulae are : 

o  S the total amount of the specular light 
 

 Reflected Light 

o  D the total amount of the diffused light 
 

 Background Light 

o  θ1/2 the width of the specular light distribution 
 

 Light band Sharpness 

* Lefaudeux, N & Lechocinski, N & Clemenceau, P & Breugnot, S. (2010). 
New luster formula for the characterization of hair tresses using polarization imaging.  

International journal of cosmetic science. 32. 157. 10.1111/j.1468-2494.2010.00534_7.x.  

* REICH, CHARLES & R. ROBBINS, CLARENCE. (1993) 
Light scattering and shine measurements of human hair: A sensitive probe of the hair surface.  

J. Soc. Cosmet. Chem.. 44.  

What is Luster ? 
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White Shine band 

Color chroma band 

Diffused light 

Diffused light 

Example on mannequin heads 

Incident light splits into shine, chroma 
(specular) and diffused 
   
Diffused and chroma carry color  
information  
 
Luster is highly related to the 
background color (diffused), surface 
quality and the hair style / alignment 
of the fibers 
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Specular & Diffused Light 



Incident light splits into  
Specular  and Diffused 

Interaction of light with hair fibers 

Front-side / Back-side 
    Shine / Chroma 

Each light component has 
its own polarization 

characterictics 
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Introduction on polarization imaging 



Light source 
(un-polarized) 

Polarizer-State 
Generator (PSG) 

Hair sample 

Linear 
polarization 

Front-side reflection 

Elliptical polarization 
(linear to circular depending on the 
orientation between incident light 
polarization and hair orientation) 

Back-side reflection 

Un-polarized 

Diffused 

Polarizer-State 
Analyzer (PSA) 

Camera 
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Introduction on polarization imaging 
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Imaging with the SAMBA Hair System 

Camera Illumination Rotating Polarizer 
(PSA) 

Rotating Polarizer 
(PSG) 

Rotation axis 

Cylinder 

Polarization  
imaging sensor 

The setup of the SAMBA Hair is based on three elements : 
 

1. An illumination with a rotating PSG 
2. A cylinder where the hair samples are positioned 
3. A camera with a rotating PSA 
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Imaging with the SAMBA Hair System 

 SAMBA Hair  4 PSG / 4 PSA 
 

 

 

 

 

 

 

PSG PSA 

0◦ 0◦ 

0◦ 90◦ 

30◦ 120◦ 

60◦ 150◦ 

𝑆 = 𝐼1 + 𝐼2 − 𝐶 + 𝐷  
 

𝐶 =
8

3
𝐼2

2 + 𝐼3
2 + 𝐼4

2 − (𝐼2𝐼3 + 𝐼2𝐼4 + 𝐼3𝐼4) 

D =
2

3
𝐼2 + 𝐼3 + 𝐼4 −

𝐶

2
 

ϑ𝑓 =
1

4
tan−1

3 𝐼3 − 𝐼4

3 2𝐼2 − 𝐼3 − 𝐼4

+ 𝑘
𝜋

4
 

The flexibility in the PSG and PSA angles allow the SAMBA Hair to take images with any kind of polarization 
configuration, as long as the polarization is linear. 

Equations for the resolution of: 
  

• Shine (S) 
• Chroma (C) 
• Diffused (D)  

The correct set of polarization angles allows the resolution of images for Shine, Chroma and Diffused 

= I1 

= I2 

= I3 

= I4 
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Image processing 

Below is an example of the images obtained by the SAMBA Hair system on a standard blond swatch, 
and the corresponding angular profiles 

Specular 
(Chroma + Shine) 

Intensity 
(Specular + Diffused) 110
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Diffused  
(from equation) 

Shine 
(from equation) 

Chroma 
(from equation) 

Averaging 
along the 
hair tress 



Averaging 
along the 
hair tress 

Specular image Diffused image 

Specular angular distributions Diffused angular distributions 

Characterization of the profiles 
with numerical parameters such 
as maxima, integrals and width 

LUSTER 
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Profile extraction for luster calculation 
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Examples on different hair colors (blond) 
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Images Profiles 
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Examples on different hair colors (brown) 

Images Profiles 

60

0

5

10

15

20

25

30

35

40

45

50

55

Angle (deg)

45-45 -40 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40

DiffusedSum (Sh+Ch+D) Shine Chroma



16 

40

0

2.5

5

7.5

10

12.5

15

17.5

20

22.5

25

27.5

30

32.5

35

37.5

Angle (deg)

45-45 -40 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40

DiffusedSum (Sh+Ch+D) Shine Chroma

Examples on different hair colors (black) 

Images Profiles 
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Automating measurements 

Polarization  
imaging sensor 

Automatic movement of plate 
holding the cylinder 

Automation is important - from the user side - in order 
to minimize the need for user interaction with the 
machine 
 
It can save time when planning campaigns that require a 
significant amount of data 

Measurement automation aspect # 1 
 
The cylinder can hold up to 6 swatches  
at the same time. During the measurement 
process, it is put on a translation. 
 
This allows the system to acquire  
data for all the swatches (up to 6)  
in a single acquisition 
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Automating measurements 

Measurement automation aspect #2 
 
The cylinder can rotate on its axis, and is 
connected to a motor inside the SAMBA Hair 
system using a magnet. 
 
This allows the system to acquire images centered 
on up to 10 different positions for a single swatch, 
on each swatch put on the cylinder. 

With the cylinder translation and rotation, this 
means that a single acquisition can results in 60 
measurements (up to 10 measurements per 
swatch on up to 6 swatches) 
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From this main menu, you have 
access to : 
  
• Acquisition : for acquiring new 

measurements 
• Export : for exporting numerical 

data, graphs and images 
• Check-up : to launch a check-up 

process 
• User settings : to configure user 

accounts 
• Exit 

Software Interface 
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Grooves 
selection 

Display for current 
acquisition 

Data 
Management 

Software Interface - Acquisition 

Positions 
selection 
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Software Interface - Preview 

1. Positions Selector: you can select which 
position (from 0 to 9) is displayed 
 

2. Image Display Tab : you can select which 
image to display (Intensity, Specular, Shine, 
Chroma or Diffused) using the tab on the left 
 

3. Numerical Data Tab : you can visualize all 
the numerical parameters (profiles and 
profiles parameters) of the measurement 
you loaded, at the position you selected 
 

4. Comparison of positions: you can list and 
have a simple comparison of numerical data 
from all the positions (up to 10 positions) 
you used for the acquisition, with Average 
and Standard deviation values calculated in 
the tables 
 

5. Exit : you can exit to go back to the 
Acquisition window 
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Software Interface - Export 

Export in Excel (for numerical data and profiles) 
Export in .png (for images) 



Observations: 
On the non-treated hair: 
• the first and second reflections are well separated 
• The first reflection is shifted towards the negative angles. This is due to the cuticle 

of hair. 
 
On the treated hair: 
• The first and second reflections now overlap more.  
• The first and second reflections moved towards the zero angle position. The 

treatment filled the cuticle and the hair surface is now smoother.  
• The shine slightly widened 
• The chroma width decreased slightly 
• The hair appears darker. The diffused light decreased significantly. 
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Example – Study of a hair treatment  

Untreated Sebum 
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Example – Study of a hair treatment  

Untreated Sebum 
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LUSTER SPECULAR SHINE CHROMA DIFFUSED MISC. 

BNT 
Reich-

Robbins 
Width Intensity Width Intensity Center Width Intensity Center Intensity D Overlap 

No 
Treatment 

4.6 7.9 13.8 4995 4.9 589.5 3.5 deg. 14.8 4405 -4.3 deg. 4583 7.9 deg. 76.1 % 

With 
Sebum 

8 13.8 11.5 4687 5.1 572.8 1.0 deg. 13.5 4114 -1.7 deg. 3001 2.7 deg. 84.5 % 

Variation  
(%, deg.) 

+ 74.5 % + 74.6 % - 27.5 % - 6.2 % + 3.9 % - 2.8 % - 2.5 deg. -9.2 % - 6.6 % + 2.7 deg. - 34.5 % - 66 % + 11 % 

Luster is increased Specular width decreased mostly 
 because of increased overlap between 

Shine and Chroma 

Strong diffused intensity decrease 
(wet effect) 



Samba Hair System 

Conclusions 
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 SAMBA Hair is a robust, turn-key system for Shine, Chroma, 
Diffused and Luster quantification 
 

 Acquisition, data management, preview and export is 
extremely simple for an improved user experience 
 

 Additional automation enables easy accumulation of data 
for statistically significant results 
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www.bossanovavision.com 
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Thank you ! 

For further questions 
 feel free to contact us : 


