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TiVi1l01 Sweat Gland Activity Analyzer

Dear Valued Customer!

Welcome to the Wheel sBridge TiVi1l01 Sweat Gland Activity Analyzer system intended for
automatic analysis of human skin sweat gland activity. The TiVi101 Swveat Gland Activity
Analyzer was designed for observer-independent analysis of sweat gland activityin
association with evaluation of skin care products and for medical research applications.

The WheelsBridge TiVil101 Sweat Gland Activity Analyzer utilizes a highly sensitive digital
camera equipped with magnifying lenses and polarization filters making it possible to detect
surface reflections fromindividual sweat drops on the skin surface in co-polarized mode. The
ver satile system software— based on the MATLAB® high performance language for technical
computing — allows for rapid and easy capturing and analysis of images. Among the many

useful features of the TiVi101 Swveat Gland Activity Analyzer software the following are of
particular interest:

? Automatic capturing of photos.

?  Automatic tracking of sweat drops.

? Display of Sweat Gland Activity map.

? Automatic generation of curves displaying the Swveat Gland Denisty.
? Operatesin co-polarization mode.

? All data can be exported to ASCII-format spread sheets.

? Project window displays up to 20 curves simultaneously.

? Printable Report easy to generate

We are convinced that the TiVi101 Sweat Gland Activity Analyzer will be a productivetool in
the assessment and follow-up of human skin sweat gland activity following treatment with
skin care product and in medical research.

Thank you for choosing the WheelsBridge TiVi101 Sweat Gland Activity Analyzer.

WheelsBridge AB

Sweat Gland Activity Analyzer TiVil01 1.5 Sida 1
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Information in this document is subject to change without notice and does not represent a
commitment on the part of WheelsBridge AB. No part of this manual may be reproduced or
transmitted in any form or by any means, eectronicaly or mechanicdly, including
photocopying and recording, for any purpose without the written permission of Whed sSBridge
AB.

Any use of application of Whed sBridge products must be performed by properly trained and
qudified personne. WheelsBridge AB takes no responsibility for action taken on the basis of
information derived from the use of the product described in this manua or from
consequential damages in connection with furnishing, performance or use of this manud.

Licenseg's limited rights are governed by the license agreement between WheelsBridge AB
and MathWorks. Licensee may not modify or remove any license agreement file
(MarthWorks or third party) that is included with the MCR Libraries (“MCR Library
Licens?’). Licensee of this Application accepts the terms of the MCR Library License.

WhedlsBridge is a registered trade mark.
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1. INTRODUCTION

Transepiderma Water Loss (TEWL) sometimes referred to as insensible perspiration is
composed of two parts —the diffuson of water vapor through the epidermis and water
evaporation of sweet drops discharged by active sweat glands. While there is a continuous
diffuson of water vapor through the epidermis, transepiderma water loss is subgtantialy
increased when the sweet glands become active. The body utilizes an increased swesat gland
activity to disspate heat through evaporative heat loss by activating the sweat glands. An
atered sweat gland activity may further be observed in diseases such as hyperhydross and in
association with peripheral neuropathy frequently accompanying diseases such as diabetes.

Up to now it has been difficult to investigate the water evaporation caused by increased sweat
gland activity separately because of lack of suitable technology. The TiVi 101 Sweat Gland
Activity Analyzer makes such investigations possible.

The intended use of the TiVi101 Sweat Gland Activity Analyzer is to andyse the number
of active swegt glands in experimental and research applications. It is not yet approved for
the diagnosis and trestment of disease.

2. OPEARATING PRINCIPLE
The TiVi101 Swveat Gland Activity Analyzer operates in the following way:

In this gpplicaion the TiVi sysem employs the TiVi Camera Microscope adapter to attain the
aufficient magnification to visualize reflections of polarized light from the minute sweat drops
as they emerge from the sweat glands. By this arrangement a laterd resolution of about 5
micrometer per pixd is atained. The skin dte to be investigated is held againgt the aperture
(diameter 15, 30 or 45 mm) at the frontal end of the TiVi Camera Microscope adapter (Fig 1).

Sweat Gland Activity Analyzer TiVil01 1.5 Sida 3
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Fig 1. The TiVi camera equipped with the TiVi Camera Microscope adapter in measurement
position over the pam of the hand.

The internal llluminator of the TiVi Camera Microscope adapter comprises a ring including
15light emitting diodes (LEDs) emitting linearly polarized lignt (Fig 2).
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Fig 2. Internd llluminator ring of the TiVi Camera Microscope adapter comprisng 15 light
emitting diodes emitting linearly polarized light.

A second polarizing filter with a polarization direction in pardld with that of the filter in
front of the LEDs effectively enhances surface structures while diffusaly backscattered and
depolarized light is suppressed. This configuration enhances surface reflections such as the
reflection of polarized light from the LED ring backscattered from the surface of a swesat
drop. Fig 3 shows the reflection pattern as seen by the camera &fter reflection in 5 — 6 sweat
drops emerging from active sweat glands.

Fig 3. Reflection pattern from sweat drops emerging from active swest glands, while
illuminated by polarized light detected in co-polarization mode.
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InFg 3, the extenson of the sweat drop is defined by the darker uniform circular area from
the centre of which the light from the LED ring is reflected. When a sweet drop evaporates
the circular ring of LED reflections becomes distorted and eventudly disappears. The size o
the entire photo displayed inFHg 3is388 x 431 pixels or gpproximately 1.9 mm x 2.2 mm
while the diameter of the sweet drops displayed is in the order of 100 pixels or 0.5 mm. The
purpose of the agorithm discussed below is to automatically identify uniform rings of
different 9zes and to classfy these rings as representing a sweat drop.

In most cases larger areas (up to typicaly 1000 x 1000 pixels corresponding to an area of
about 5 mm x 5 mm) are andyzed. Within such an area up to several hundred active swest
glands can sometimes be observed, depending on what site of the body surface is investigated.
InFg 4 a skin area of a sze of 5 mm x 5 mm with a multitude of active sweset glands is
displayed. Usng a larger skin site than about 1000 x 1000 pixes (5 mm x 5mm) makes it
difficult to atan sufficient focus over the entire photo because of the shallow focal depth &
high magnification. To attain a sufficiently large foca depth the shutter Av-vaue should be
set to 10 or higher in the TiVi701Camera window (Shutter pull-down-menu) before

capturing the photos.

Hg 4. Forehead skin area (5 mm x 5 mm) with many active sweet glands in different Sates.

Sweat Gland Activity Analyzer TiVil01 1.5 Sida 6
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3. SETTING UP AN EXPERIMENT

When capturing a set of photos from which the loca sweat gand activity is to be andyzed
proceed as follows:

Capturing photos:

1. Attach the TiVi Camera Microscope adapter to the TiVi camera. Select a microscope
front end cover with 15, 30 or 45 mm diameter aperture. Set the focus switch on the
zoomtin lensto AF (Auto Focus) and rotate the distal part of the TiVi Camera
Microscope adapter until the red dots are in close postion (the sysem is now in co-
polarized mode).

2. Click Shutter in the TiVil01Camera window pull-down menu and sdect “20°.

3. Set the camera Select Photo Size to Large Fine, No of Photos to 100 and Delay to 5
sec. These settings capture a new photo every 5 seconds with a latera resolution of
about 5 micrometers per pixels, sufficent to display the reflections of co-polarized
light rings in the emerging sweat drops. Click the Save Photos button to sdect a
folder and name under which the photos are to be saved.

4. Wipe of the kin surface to be investigated before start of measurements to remove
possible water drops or aliquid film from the skin surface. Place the aperture in
contact with the skin and click the Capture Photos button to initaite the photo
capturing process.

5. The photo capturing process can be hdted a any time by clicking the Pause button.
The photo capturing process can be continued again by clicking the same button, now
labelled Continue. The capturing process can be terminated by clicking the Reset
button.

6. Because of the high degree of magnification, the photo capturing process may be
phrone to movement artefacts. To capture a high resolution photo of good qudity it is
important to keep the TiVi Camera Microscope adapter gperture in firm contact with
the skin surface investigated. Further, it is important to avoid body movements during
the photo capturing process. With the focus switch set to AF, the camera automatically
adjudts the focus before capturing a new photo. This automatic focusing process is
basad on the fact that there is sufficient contrast on the skin surface to focus on,
otherwise the error message ‘Can’'t Focus” is displayed and the photo capturing
process is interrupted. If this happens, click the Capture Photos button to continue,
possbly after moving the agperture a short distance sideways to and adjacent skin area
with better contrast. Because d the high degree of magification the focal depth is
shdlow and a sufficent focus may not be possible to attain over the entire surface of a
large photo with 18 Mpixd resolution In practice an area with adequate focus of 1000
x 1000 pixels or less is sdlected for the further analyss.
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Analyzing photos:

1.

2.

Upload the sequence of photos to the TiVi700 Analyzer main window.

Click the Automatic button to scan through the photos. The skin Site under
investigation can now in some cases be seen to have shifted somewhat in podtion
from photo to photo. At this point the TiVi Pre-Processor can be used to dign the
photos if necessary. Please refer to the TiVi Pre-Processor manual for further
information

The photos in the sequence may now be inspected for sufficient focus. Select an area
in the photos of a size no larger than 1000 x 1000 pixels for further andyss. Draw a
rectangular ROl around this area and click the Show ROI button.

Click the Automatic button again to scan through the zoomed in photo sequence. If
there are active sweat glands in the sdected skin area, smdl rings corresponding to
reflections of polarized light in the emerging sweat drops can be observed. Profound
sweating eventudly causes substantid and irregular reflections in the liquid film
gppearing on the surface of the skin.

Click the Crop & Save button to save these sdlected aress for further analysis of
sweat gland activity or dternatively click the Undo Show ROI button, move the ROI
to another position and repeat the procedure.

The zoomed in photo sequence @n now be automaticaly andyzed with respect to
Drop Density, Sweat Gland Activityand Surface Reflectivity. Drop Density is by
definition the number of identified sweat drops per unit skin area, while Sweat Gland
Activityin addition accounts for the size of the rings of light reflection (proportiona to
the size of sweat drops). The agorithm used to automatically identify sweat drops on
the skin surface is described in detail in the next section. Surface Reflectivity
represents te overdl reaive area above the threshold value used in the agorithm (the
white area in Fig 5 below). If the skin is dry the Surface Reflectivity vaue is generdly
high and is reduced as a liquid film from sweat drops spreads out over the skin
asurface.The Surface Reflectivity is normaized to 100% at its highest value in a
sequence before digplayed in the TiVil01 Chart. The relative reduction in Surface
Reflectivity can be used as a measure of the extent of the liguid film formed on the
skin surface following sweat dand discharge.
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4. ALGORITHM EMPLOYED

The dgorithm employed in the TiVi1l01 Sweat Gland activity Analyzer provides a way of
identifying active sweet glands in the skin dte investigated.

This agorithm works in severd steps of which the first step includes converting the colour
photo into a gray-scae and ultimately  a black-and-white (BW) image with appropriate
threshold settings. In the BW image objects too smdl or too large to be considered reflections
of the illumination ring of LEDs in swest drops are diminated. The resulting reduced BW
imege caculated from an example photo may look like:

Fg 5. Generation of a gray-scde image (middle) from the origind photo (left). After
thresholding, the gray-scale image is converted into a black and white (BW) image in which
different sweat drops reflection rings can be observed.

In the nexts step the BW image is split up in different objects. These objects are then
individudly investigated ascandidates for representing reflections from individua swest
drops.

The patter-recognition algorithm uses incluson and excluson criteria for classfying
individua objects as reflection rings from sweat drops.

These criteria are:
1. The centre of an object is below aset threshold limit.
2. Therdatio of the object area to perimeter is larger than a set threshold limit.
3. The object is reasonably circular.

4. The object is not too smal.

Sweat Gland Activity Analyzer TiVil01 1.5 Sida 9
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Fig 6. In the present example 38 objects are identified in the photo. Out of these 7 objects
fulfil the criteria for being initidly cassfied as polarised light reflection rings from sweat
glands.

In the third step the objects are dilated to close rings not yet fully closed. These closed rings
are then filled and the resulting image is caculated as the image with unfilled holes subtracted
from the image with filled holes to generate and image identifying sweat drops (Fig 7).

o ®
> |*e
o ®© ¢ @

Fig. 7. Dilated objects to close the rings (l€ft), filled ring (middie) and difference image
(right) toidentify the swesat drops.

If this procedure is applied iteratively, both smal and large rings can be correctly identified.
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After removing too smdl objects to be classfied as sweat gland related rings, the resulting
Swaet Gland Object Map is diplayed superimposed on the origina photo to identify the sweet
glands.

When a sweat drop emerges from the sweat gland duct the reflected ring of light becomes
large enough to be classified as a marker for an active sweat gland. When the drop starts to
evaporate or the liquid is spread over the skin surface, the ring disintegrates and the associated
sweat gland is no longer classfied as being active.

Fig 8. Sweat Gland Object Map indicating the positions of the individud active sweet glands
and sze of corresponding swesat drops (left) and Sweat Gland Object Map superimposed on
the origind photo (right). The white frame indicates the area used to explain the agorithm in
the example above.

The Drop Density is cdculated as the number of objects in the Sweat Gland Object Map
divided by the sze of the map.

The Sweat Gland Activityis cdculated as the area occupied by dl objects in the Swveat Gland
Object Map divided by the sze of the map.

The Total Reflectivityis caculated as the totd area above threshold (the white area in Fig. 5)
in relation to the the totd area. The highest value in a sequence is set to 100%.

Inthe GETTING STARTED section the Sweat Gland Object Map is continuoudy
caculated and updated based on a sequence of photos with increasingly active swesat glands.

5. GETTING STARTED

The basic features of the TiVi101 Sweat Gland Activity Analyzer are probably best explained
by way of an example. In the following example it is assumed that the photos SwveatDrops-
0020.jpg — SweatDrops-0068.jpg have been captured by a Canon EOS550D TiVi camera
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system and stored in the TiVilOldemonstration/SwveatDrops folder. These photos demonstrate
the formation of active sweet glands captured from the forehead following physica exercise.

1. Open the Sweat Gland Activity Analyzer toolbox from indgde the TiVi700 Anadyzer
man window.

Rl THiPre-Processcs Manadl  Aboul  Demo Asident el

FretPesh
Firwt Pt

Losaid Pl ]

2. Click the FirstPhoto button and sdect the SweatDrop-0020.jpg photo in the folder
TiVil0les TiVidemonstration e SveatDrops.
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3. Click the Curvebutton to start the anadlysis process. As the photos are successively
andyzed with respect to active sweet glands, the actuad Sweat Gland Activity Map is
displayed in the Image pand. This process generdly takes severd minutes. When dl
photos have been andyzed the TiVi1l01 Chart window will automaticaly open to
display the sweat Drop Density asafunction of egpsed time in the photo sequence
andyzed. Observe that for LED rings reflections that are not closed or appear too weak
the corresponding sweat gland is not classfied as active.
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4. This curve displays the number of active sweat dands per unit area (Drop Density) for
the sequence of photos analyzed.

5. Check the Sweat Gland Activity radio-button to display the Sweat Gland Activity

curve.
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6. Click the Total Reflectivity radio-button to display the totd reflections from the skin
surface.
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7. Click the SaveChart button to save the actua TiVi101 Chart.

8. Click the Export Data button to export the data to an Excel spread-sheet from which
the andysis can be further continued.

9. Inthe TiVi101 Sweat Gland Analyzer main window sdect Open Chart under the File
pull-down menu navigate to the folder in which the Chart was saved and double click
the Chart icon to open the Chart once again.

10. Click the Report button to open the printable Report window.
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11. Click the Print button to open the Print preview window.
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12. Click the Auto radio-button to place the content in the centre of the page. Click the
Line /Text page and print “My First Report” in the Header Text edit box. Set the Date
Syle forma. The Preview window should now look like:
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13. Click the Print button to print out the Report.

This concludes the GETTING STARTED <section.
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6. WORKING WITH PROJECTS

After individual TiVi101 Chartshave been generated, the different curves can be uploaded
and displayed in TiVi101 Project for comparison. The following example explains the
essentids of TiVil01 Project. It isassumed that the three TiVil01 Charts have been generated
and saved under the names Chartl TiVil0l, Chart2 TiVil0l and Chart3 TiVil0l
respectively.

1. Inthe TiVil01 Sweat Gland Activity Analyzer main window, sdect Filee New Project
to open anew project.

Rk

T4 Project

Lanz Comcis

2. Click the Load Objects button and navigete to the folder in which the three TiVil01
Chartsare stored.

3. Pressthe Shift-button on the keyboard and select the three files. Click the Open button
to upload the three TiVi 101 Chart curves to the TiVi101 Project window.
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4. Select “None” nthe Smoothing menu to change the smoothing of the curves
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5. Click on the green pand in the Objects pand to off-load the Chart2 TiVil01 curve
from the Project window.
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6. Click the Load Objects button and sdlect to Chart2 TiVil01 file to upload this curve
agan to the Project window.

7. To savethe TiVil01 Project window sdlect Filees Save TiVi Project. The Project can
be re-opened by sdlecting Filee Open Project in the TiVil01l Sweat Gland Activity
Analyzer window.

8. Click the Close button to close the TiVil01 Project window.
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7. DETAILED DESCRIPTION

7.1 The TiVil01l Sweat Gland Activity Analyzer window
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1. Firg Photo button —to upload the first photo in a sequence.

2. Last Photo button —to upload the last photo in a sequence.

3. Show Firgt button —to display the first photo in the sequence.

4. Show Last button —to display the last photo in the sequence.

5. Clear All button- clearsdl displays and edit boxes and resets system to start position.
6. Step button — click to change the step in the photo sequence incrementaly.

7. Reversebutton —to reverse from incremental to decremental step selection.

8. Step edit box — print the step to be used.

9. Magnified Photo button —to display a magnified verson of the photo or the photo
with superimposed Sweat Gland activity Map.
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10. Manual button —to manudly step through the photos in the sequence while a the
same time displaying the actud sweet gland map.

11. Rever se button — click to step through the photo sequence in reverse direction.
12. Reset button — resets the step through process.

13. Automatic button —to rgpidly step through the photo sequence without displaying the
associated sweat gland activity maps.

14. Pause button —click to hdt the curve generation process.
15. Abort button —to stop the curve generation process.
16. Comment button — to add comments to the photo Wordpad.

17. Curve button —to dart the generation of the number of active sweet glands curve.
While the curve is generated the associated photo and Sweat Gland Map is displayed.

18. Delay dider —to set the speed of the automatic display process.

19. Create M ovie button —to create a video clip showing the generaion of the active
sweat gland activity maps.

20. Load Movie button —to upload an existing video-dlip.

21. Save Movie button —to save a created video-dip.

22. Start Movie button —to start the display of a video-dip.

23. Close button —to close the TiVi101 Sweat Gland Activity Toolbox window.
24. Speed dider and edit box - to set the speed of the playback of a video-dlip.
25. File & New Project pull-down menu —to generate a new TiVil01 Project.
26. File = Open Project pull-down menu —to open an exising TiVil01 Project.
27. File = Open Chart pull-down menu —to open an exiging TiVil01 Chart.
28. TiVi Pre-Processor pull-down-menu —to start the TiVi Pre-Processor.

29. Manual pul-down menu —to display the online manual.

30. About pull-down menu —to display the About box.
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7.2 The TiVil01l Chart window
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1. First File No. Displayed edit box —to st the firgt file number to be displayed.

2. Last File No. Displayed edit box —to st the lagt file number to be displayed.

3. Smoothing pulldown-menu —to sdect the smoothing of the curve displayed.

4. Select X-axis pulldown-menu —to select units dong the X-axis.

5. Select Y-axis —to select the scale of the Y-axis.

6. Drop Density radio-button —to display the Drop Density curve.

7. Sweat Gland Activity radio-button —to display the Sweat Gland Activity curve.

8. Total Reflections radio-button —to display the total reflections from skin surface.

9. SaveChart button —to savethe actud TiVil01 Chart to file This Chart can be re-
opened form the File pull-down menu in the TiVil01 Swveat Gland Analyzer man
window.

10. Export Data button —to export curve datato an Excel spread-sheet.

11. Report button —to generate a Report and display the Report window.

12. Closebutton —to close the TiVi101 Chart window.
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7.3 The Report window
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1. Print pull-down menu— opensthe Print Preview window in which further settings
such as adding a title and date as well as placing the content centrdly in the report.
Clicking the Print button in the Print Preview window generate a hard copy report
on aprinter.

Sweat Gland Activity Analyzer TiVil01 1.5 Sida 24



TiVi1l01 Sweat Gland Activity Analyzer

7.4 The TiVil01l Project window
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1. The curves represent the uploaded Drop Density or Sweat Gland Activity curves from
different saved TiVi101 Charts

2. Load Objects button- to upload one or more curves from TiV101 Charts

3. Smoothing menu —to sdlect the degree of curve smoothing (None, Medium or More).
4. Select Y-axis menu- to sdlect the scde of the y-axis.

5. Drop Densty radio-button —to display the Drop Density curves.

6. Sweat Gland Activity radio-button —to display the Sweat Gland Activity curves.

7. Total Reflections radio-button —to display the Total Reflections of co-polarized light
from the skin surface.

8. SaveTiVi Project pull-down menu- to save the TiVi Project window (under File
pull-down menu).

9. Export Data pull-down menu —to export data to Excel (under File pull-down menu).
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10. Close button- to close the TiVi 101 Project window (under File pull-down menu and
as separate button).

11. Objects pand — ligs the name of the TiVi1l01 Chartscurves displayed in the diagram.
To permanently off-load a curve click the coloured pand in front of the name.
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