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I. Technical background 

 RUMBA measures in-vivo the orientation of randomly organized fibers using a 

polarization analysis technique. The measurement is based on the polarization signature of the 

internal reflection in birefringent fibers. 

 In the case of hair, RUMBA allows measurement on vertically hung tresses and panelists 

thanks to an acquisition time under 1s.  

 RUMBA works on any type of hair, from straight to curly and black to blond/white hair.  

 RUMBA delivers both images and numerical data. 

 For more information go on our website: http://bossanovatech.com/rumba.html 

II. RUMBA technical specifications 

Focus distance / typical stand-off about 23” (58cm) 
Depth Of Focus (DOF) ≈1” 

Measurement time <1s (typically 950ms) 
Processing time <20s 

Image resolution 4M pixels  -2330 x 1750 
Illumination NIR (Near infrared) pulsed LEDs 

Power Supply 110-220 VAC – 50/60 Hz 
Requirements PC with GigE Ethernet and USB port 

 

III. Hardware connection 
 

 

 

 

 

 

 

 

 

 

 

 

 

RUMBA hardware connections (orange arrows represent actual cables) 
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Back panel of RUMBA Sensor 

 

 
Front panel of RUMBA Controller 

 

IV. Set-up of the instrument 

 

IMPORTANT RECOMMENDATIONS 

Although the illumination is not harmful, it is not recommended to stare at the pulsing LEDs 

while operating the system 

 

1. Laboratory set-up 

 

The in-vitro setup allows to mount hair tresses vertically hung. The black background allows to 

extract the hair from the background itself thanks to some software tool. 

Hirose 12-pin to 
 RUMBA sensor 

USB to computer 

On/Off 

switch 

Ethernet to computer Hirose 12-pin to controller 
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The system should be set-up on a steady work bench.   

2. In-vivo set-up 

The background used in the in-vitro configuration can be used as well for the in-vivo 

configuration when coupled with a tripod.  

        

To mount the RUMBA sensor on the tripod: 

Simply screw the tripod platform into the RUMBA post. 

 

  

Detachable  

background 
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IMPORTANT RECOMMENDATIONS 

 Tilt on the y-axis (camera facing up and down) and rotation around the z-axis are allowed. 

Make sure that the RUMBA sensor well aligned on the tripod by using the levels. It is important 

that the RUMBA sensor does not have a tilt on the x-axis.  This will ensure that fibers that are 

vertically aligned correspond to an angle of 0 degree. 

V. RUMBA software 

 

1. General information 

Start RUMBA software by double clicking on the RUMBA icon located in the desktop of the 

computer.  

Locate the master folder named RUMBA DATA folder in the desktop of the computer. It 

contains four sub-folders: DATA, ROIs, SYSTEM-CHECK FILES and EXPORTED DATA.  

It is important not to change the name of those folders. 

The location of the master folder can be changed. After changing the location, open the 

IniFile.txt file located in the C:\RUMBA Software and replace the path. Click on File/Save. The 

new path will be effective the next time the software is started.  

x 
y 
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2. Software architecture 

The software is made of three different windows accessible from the menu bar in the File 

section or with keyboard shortcuts: 

 Live Adjustment / Acquisition (keyboard shortcut: CTRL+1) 

 Post-processing / Open Measurement (keyboard shortcut: CTRL+2) 

 Data management / Open measurement (keyboard shortcut: CTRL+3) 

Upon start of the software, if a hardware error occurs, a message will be displayed. In that case, 

refer to the troubleshooting section of this manual and contact Bossa Nova Technologies.  

If the controller box is OFF, the user has the option to start the software in ‘Opening Files’ 

mode for post-processing only. The first window (Live Adjustment / Acquisition) will therefore 

not be accessible.  

3. Data management window 

The measurements are saved according to the following structure (all boxes represent actual folders): 
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The Measurement folder contains the following: 

 
 

 Raw data: contains the raw images of the measurement.  

 Name_fusion.png: orientation image with fusion and background removed 

 Name_fusion+ROI.png: orientation image with fusion and background removed + 

assigned ROI 

 Name_HSL.png: orientation image with background, no fusion 

 Name_intensity.png: intensity image 

 Name_mask/neg_mask: hair extracted after background and unwanted areas removed.  

 Name_orientation90.txt: text file containing the orientation values for each pixel of the 

image 

 

4. Live adjustment / Acquisition window 
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 Click on Start Live Adjustment. The live image will be displayed on the left.  

 Position the panelist or hair tress at the stand-off distance 

 Adjust the focus using the knobs on both sides of the RUMBA sensor. 

  

Use the ‘zoom in’ tool in the ROI tool bar (bottom left of the live image) to make the 

focus easier. To zoom in, select the zoom tool (magnifying glass icon) and click on the 

image. Use the scrolling bars on the sides of the image if necessary. To zoom out, press 

and hold shift on the keyboard and click on the image again.  

 

Live image 
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Live histogram from ROI 

Camera settings 

Auto camera adjustment 

Focuses 

further away 
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 Draw a region of interest (ROI) that includes the area of measurement 

Avoid shiny areas that are not part of the hair (clamps, holders…) 

 The live histogram of the image inside the ROI is displayed on the right. The histogram 

represents the number of pixels in the ROI (y-axis) for each pixel value (x-axis) from 0 to 

4095.  

 Click on Auto Adjustment (in ROI) in the Camera adjustment panel. The software will 

automatically adjust the gain and exposure time of the camera. Once the adjustment is 

done, the green LED will turn ON. The user also has the option to manually input the 

gain and exposure time values. Once a set of gain/exposure time value is found, it is 

preferable to keep it for all the hair tresses of similar shade. However, since the 

measurement is not based on the intensity of the image, the result will be quite similar 

for different values of gain/exposure time as long as the image is not under or over 

exposed.  

 Make sure the Measurement Name field is not empty. 

 When ready for the measurement, click on Acquire Measurement. 

 Once the processing is completed, the Post-processing window will open with the 

measurement. 

Out-of-focus In-focus 
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At this point, the raw data of the measurement is saved. 

The orientation image is displayed on the left, the numerical data and histograms from the ROI 

are displayed on the right and in the table under the graphs.  

 

Whenever a change is made to the ROI, click on refresh to update the histogram and the 

table.  

 

To remove the measurement from the table, click on delete . The measurement is removed 

from the table but is not deleted from the computer. 

 

VI. Acquisition of another measurement 

To acquire a new measurement, return to the Live adjustment/Acquisition window 

Go through the same steps and enter a different name for the measurement.  

Up to 12 measurements can be added to the table for comparison purposes. 
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Delete some measurements when maximum is reached to be able to acquire more 

measurements.  

VII. Open an existing measurement 

There are two options: 

1. In the post-processing window 

 

 Click on Open Measurement. 

 Go to the measurement folder and double click on any files to open the measurement.  

 

2. In the  data management window 

 

 Select a Study, Sub-folder and Measurement 

 Use the preview tool to display the intensity image 

 Click on Open Measurement. 
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VIII. Post-processing options 

 

1. Extraction of the background 

The use of an appropriate background placed behind the panelist allows to easily extract the 

hair from the background.  

Data from the background corresponds to random orientation values as show in the image 

below: 

 

The orientation histogram is more or less flat, which means the orientation values in the ROI are 

completely random.  

To extract the background: 

 Select a small ROI in the background as show in the image below and input in the 

Threshold box the value suggested by the software: 
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 Manually adjust the threshold value until the hair fibers are completely or almost 

isolated from the background: 
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The threshold value is stamped to the measurement and will  be remembered when re opening the 

measurement at a later time.  

 Draw a ROI and click on Set current ROI to background to remove unwanted areas inside 

the ROI.  

 Select ‘Invert selection’ then click on Set current ROI to background to remove 

unwanted areas everywhere outside the ROI. This can be very useful if only the hair 

tress is selected.  

 

 Use the eraser tool to remove small unwanted areas. Draw a small ROI (rectangular or 

round/elliptical) and select Use eraser tool. On time image, drag the ROI and click to 

erase data.  

Once finished, unselect Use eraser tool. 
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 Click on Undo all background modifications to go back to the original measurement 

where no background or unwanted areas are removed.  

2. Fusion 

In the Post-processing options box, select Fusion to enable fusion the orientation image with 

the intensity image. This is purely a change of display, the data is not affected. The fusion image 

is more realistic thanks to an improved rendering of the fibers’ texture. 

Use the gamma value to enhance the display of the image. The default value is 1 (which means no 

gamma correction is applied). The value typically ranges from 0.75 for dark hair to 1.2 for bright 

samples.  Whenever the gamma value is changed, the fusion image that is saved is updated. The gamma 

value will remembered when re opening the measurement in the software.  
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IX. Regions Of Interest (ROIs) 

 

1. Assign a ROI to a measurement 

 Select a ROI tool in the tool bar 

 Draw a region of interest on the image (the current ROI is GREEN) 

 Click on Assign ROI and enter a name for the ROI. If the ROI already exists, the user has 

the option to load the ROI or overwrite it.  

  
 Once assigned, the ROI appears in the ROI name and will be displayed on the image.   

 Click on Update table to update the histogram and the table.  

 

Fusion OFF Fusion ON 
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1. Delete a ROI 

 Select a measurement and click on Empty ROI. The default ROI for the measurement will 

be the live ROI (in green) 

 

2. Assigning multiple ROIs to a same measurement  

 In the example below, the measurement contains two hair tresses. A first ROI is 

assigned to the hair tress on the left. The ROI is named BEF for BEFore treatment.  

 Click on Duplicate ROI   to add a row in the table corresponding to the same 

measurement. By default, the current ROI (in green) is used for this new row.  

 Draw a new ROI and assign it to the measurement using a different name. In this 

example, we assign the ROI AFT to the hair tress on the right for AFTer treatment. 

 Click on refresh to update the histogram and the table.  

 When selecting a different measurement, the assigned ROI is displayed with the color 

corresponding to the measurement.  

 
 

 

 

3. ROI size calibration 

Same color for ROI and histograms 
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The actual size of the ROI can be calibrated in millimeters. The ROI size is displayed at the 

bottom of the image on the left.  

The actual size in millimeters depends on the stand-off distance. Therefore, whenever the 

stand-off distance changes, the ROI size must be re calibrated.  

To calibrate the ROI, the user needs to have a known reference located at the working distance.  

The hair tress holder indicates a grading with a one-inch mark  

To calibrate the ROI: 

 Click on Absolute Scale/Calibrate in the menu bar  

 Draw a ROI which width corresponds to the one grade as shown in the picture below 

 Click on Calibrate (orange button at bottom of the image) 

 

 

The ROI size and the size in mm of one pixel on the image are exported along with the Excel file.  

X. Export data 

 

1. Export data to Excel  

 

 Click on Export Data to export data to an Excel file 

 Chose a name for the file. The default path is RUMBA Folder/EXPORTED DATA. 

The Excel file will include the table with numerical data as well as the orientation histograms 

and the spatial analysis curves. 

2. Save data in mask 

 

1” (25.4 mm) 
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 This option allows to export to a text file the angle values in the ROI. 

 The value for a pixel corresponding to the background is arbitrarily set to -90. 

 

 

XI. Data analysis 

 

1. Measurement process 

 

2. Orientation color coding 

 

 To each pixel in the image corresponds a value of angle in degrees between -45 and +45 

degrees. The angle value is coded using the color hue. 

 

 

 

 

3. Orientation histogram 

 

0° 

-45° +45° 
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 The orientation histogram depicts the overall angular distribution in the ROI. Therefore, 

the orientation histogram depends on the size of the ROI and:  

Integral of the histogram = Size of the ROI in pixels 

 Each histogram accounts 180 classes between -45 degrees and +45 degrees.  

The following parameters are calculated: 

Integral (in pixels) 𝐼𝑁𝑇 =∑𝑌𝑖
𝑖

 

Mean angle (in degrees) µ =
∑ 𝑋𝑖. 𝑌𝑖𝑖

𝐼𝑁𝑇
 

Standard deviation (in degrees) 𝜎 = √
∑ (𝑋𝑖 − µ). (𝑋𝑖 − µ). 𝑌𝑖𝑖

𝐼𝑁𝑇
 

Max. value (in pixels) 𝑀 = 𝑀𝑎𝑥(𝑌𝑖) 

Angle|Max (in degrees) 𝑋𝑖|𝑀𝑎𝑥(𝑌𝑖) 

Min/Int. (in %) 
𝑀𝑖𝑛(𝑌𝑖)

𝐼𝑁𝑇
. 18,000 

Alignment coefficient 
𝑀

𝐼𝑁𝑇2. 𝜎2
. 10,000 

 

Where: 

 𝑋𝑖 = [−45,−44.5, −44, … ,0, … ,+44.5, +45]  

 Yi the population in the ROI 

 

4. Spatial Analysis 
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 The spatial analysis allows to obtain more information about the spatial distribution of 

the hair.  

 The data generated by RUMBA can be described as a 3D data: 

 

Angle value across the width X and height Y of the image 

In the case of a hair tress, the orientation histogram uses a ROI that typically includes the whole 

hair tress. By calculating 1D parameters on the histogram such as standard deviation and 

coefficient alignment, the information of the hair tress shape is lost. In other words, a same 

histogram could correspond to different shapes of hair tresses. 

 The spatial analysis allows to go from a 3D data to a 2D data by dividing a large ROI into 

several smaller ROIs. In the example below, the ROI was divided into 20 smaller ROIs in 

which the mean angle value was calculated and plotted as a function of the height.  

Use the rotatable rectangle ROI tool for the spatial analysis (second row in ROI tools) 

 

 

 

 

 

 

 

 

 

 

 

 

 The 2D curve generated allows to count the waves along the hair tress and to know 

their position. 

 The user can chose to create a horizontal or vertical grid and change the number of sub-

ROIs thanks to the divider value.  

Orientation (in degrees) 
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 For each measurement, the number of sub-divisions can be changed. The default value 

is 20. 

 

XII. System check 

 

A polarizer used as a vertical reference is mounted on the hardware.  

 Select a ROI in the polarizer area and acquire a measurement 

 Make sure the mean value is between -1 and +1 degree (polarizer should be red).  

 

 


