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Introduction
Today, in-vivo hair and scalp analysis are very important to evaluate the efficacy of a wide range of cosmetic and personal care products.

Macroscopic imaging is a novel approach to realize simply in-vivo measurements in correlation with the consumer perception during clinical trials. 
For this study, an innovative macroscopic camera was developed by integrating a dual-modality illumination system (parallel and cross-polarization) 
coupled to a specific optical system to generate high-resolution images over an area of 10x10mm².

Combined with specific image processing algorithms, this solution allows to extract a set of quantitative parameters from the acquired images in 
order to evaluate the impact and the efficacy of a variety of cosmetic or personal care products.

To highlight the different possibilities provided by this method we described two relevant applications:
 • In the first one, the system was used to assess and visualize the efficacy of an electric shaver (hair cut quality and regrowth) compared to   
   manual razor
 • In the second one, we used this system to detect and quantify the deposition of dry shampoo particles on the scalp over time.

Material & Methods

The hardware specifications of the system are as follows:

• Sensor: 1MPixels (1000x1000pixels) RGB CMOS sensor
• Optics: Optimized glass lenses for a final resolution of 10x10µm per pixel
• Illumination: Two rings of 8 white LEDs 
• Modalities: Two polarized filters for cross and parallel acquisitions
• Field of view: 10x10mm 
• Field of depth: 8mm
• Acquisition time: Less than two seconds for both modalities
• Internal memory to store up to 1200 images
• Battery with wireless inductive charging module
• Wireless communication for real time vizualisation and image transfer

A specific software allows to communicate directly with the camera using a wireless 
protocol.

A live view mode ensures a good repositionning of the camera on the skin or scalp
Both cross and parallel images are acquired in less than two seconds and can be 
compared without additionnal spatial registration image processing.
Images can be stored directly on the internal memory of the camera but  can also 
be transfered to the computer for vizualization and processing.
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Dry shampoo particles on the scalp results

Electrical Shaver - Area #1
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After shaving 4 hours 8 hours 12 hours 16 hours 32 hours 40 hours 48 hours24 hours

1.69mm

Manual Razor - Area #1
After shaving 4 hours 8 hours 12 hours 16 hours 32 hours 40 hours 48 hours

0.65mm 0.74mm 0.86mm 0.95mm 1.08mm 1.39mm 1.56mm 1.81mm

24 hours

1.24mm

Sclap imaging (top) and particles detection (bottom) for area #1

Sclap imaging (top) and particles detection (bottom) for area #2

Sclap imaging (top) and particles detection (bottom) for area #3

We notice that manual razor is more efficient (around 20%) with a better cut after shaving (T0). The regrowth of the hair is clearly different between the 2 devices 
after 48 hours with, for the average on the four evaluated areas, 1.63mm hair length regrowth with the manual razor compared to 2.11mm hair length regrowth 
with the electrical razor.

Conclusions

The BlueCam camera has been developped by Newtone Technologies (France) for macroscopic imaging of the skin.
The system allows to capture high resolution images to evaluate skin parameters (color, texture, gloss, spots ...) with specific analysis algorithms.

We have shown here that macroscopic imaging with high definition camera combined with specific image processing techniques can be easily used to evaluate 
shaver efficacy as well as dry shampoo particles deposition.
The sensitivity and resolution of the camera allows very fine elements to be detected and quantitative parameters to be extracted.

Based on acquired images, the next steps would be to evaluate skin irritation or color evenness.
For these two studies, only one modality was used but it is also possible to use images in parallel polarization for the evaluation of skin texture parameters or 
pores for example.

This study has been conducted on a dark hair woman using dry shampoo with white particle deposition.
Macroscopic images has been acquired with the camera at five time points: before product application, 
after product application as specified in the user manual, 30 minutes after application, 60 minutes after 
application and after an additional vigorous hair brushing.

Depending on the application of the product by the consumer, the deposition of particles can vary 
from one area on the entire scalp, three distinct areas (Top, Middle and Back of the head) have been 
defined for the image acquisitions.

For each areas and each time points, three images has been captured to ensure good reproducibility.
The following results shows the average values extracted from these three acquisitions.

This study has been performed on a 38 years old man using two devices: A Philips Norelco electric shaver 
and a 3 blades Gillette manual razor.
The devices has been used hemiface with electric shaver on the right side and manual razor on the left 
side of the face.
Macroscopic images has been acquired with the camera during 48 hours, every four hours for the first five  
time points and then every eight hours for the following five time points. For each time point, four  images 
were captured on four different areas on the cheek which represents eight acquisitions in total for each 
time points.

The following steps have been performed on all acquired images:

1. Color calibration of the acquired image based on specific    
 color reference samples
2. Hair and skin classification based on a K-mean clustering   
 algorithm
3. Based on the different clusters, extraction of individual hair 
4. Length computation based on a skeleton image processing   
 technique for each detected hair

For hair growth evaluation, a specific image processing pipeline has been defined in order to detect and estimate length of each hair. 

Acquired image K-Mean classification Hair detection Hair  skeleton  analysis

For the evaluation of dry shampoo particles on the scalp, a cross-polarized image is acquired by taking an area with a lower hair density.

A thresholding is then applied to the acquired images based on the luminance (L*) of each pixel. This method is very robust on dark hair with low 
luminance values and white particles with high luminance values. The reference threshold value has been determined from the photos acquired 
before and after dry shampoo application.
The area of the scalp covered by the dry shampoo particles is then calculated from the images after thresholding and a surface ratio can be 
determined. 

BlueCam Macroscopic camera developped by Newtone 

BlueCam software with cross polarized images (left) and parallel images (right) vizualisation
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Hair growth evolution

Electric Shaver Manual Razor Linear trendline (Electric Shaver) Liinear trendline (Manual Razor)

Hair growth evolution for the two devices based on the average values of the four aquired areas

We notice that the deposition of particles after application of the dry shampoo can be determined and 
is not homogeneous depending of the scalp area especially the back of the head (Area #3) where the 
massage after application could not be optimal.

On the evaluated areas, around 10% of the surface is covered by dry shampoo particles just after 
application and the number of detected particles decreases by around 2% for the three areas over a 
period of one hour.
After the additional brushing, most of the particles disappeared with a surface ratio  around 1%.

Before application After application After 30 minutes After 60 minutes After additional brushing
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After shaving
4 hours
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Measurement

Hair cut quality

Area #1 Area #2 Area #3
Before 0,00% 0,00% 0,00%
After application 9,58% 6,83% 13,01%
After 30 minutes 8,23% 6,71% 12,52%
After 60 minutes 7,45% 5,94% 9,89%
After extra brushing 1,34% 1,10% 0,25%
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Dry shampoo particles evaluation on the scalp
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