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„Biophotonics: Imaging, Diagnostics and Monitoring”
(01.04.2016.-31.12.2016)
 
Goal of the project: to develop innovative technologies for obtaining and processing of the bio-object images.
Research tasks for the 3rd period: 
1. To take laboratory and clinical measurements for approbation of the novel imaging technologies:
1.1. obtaining several monochromatic spectral images from the data of a single digital colour image;
1.2. non-contact monitoring of cardiovascular parameters at the near infrared spectral range; 
1.3. Tissue imaging at the near infrared spectral range (1-2 microns).
2. To validate clinically the improved skin multimodal imaging prototype device „SkImager”

Introduction

The main attention during the project 3rd period was drawn to practical validation of the developed technologies and data processing tools in laboratory and clinical conditions. All clinical measuments were taken under permission of the Ethics Committe, University of Latvia, in the presence of certified medical doctors and with written consent of the patients to participate in validation of the novel technologies. The clinical measurements took place at the Clinics of Laser Plastics, Riga Hospital of Traumatology and Orthopaedics and Prof. J.Kisis Clinics of Aestetic Dermatology.
1.1. Laboratory and clinical measurements for obtaining several monochromatic imagaes from the data of a single colour image.
The three spectral line laser illuminator elaborated at the initial phase of this project together with a Nexus5 smartphone was approbated on three kinds of skin pathologies – nevi, keratoses and hemangiomas, alltogether 32 pathologies. The first two of them are pigmented pathologies with increased melanin content, and the third is vascular pathology with incresed concentration of blood haemoglobin.
Results are illustrated on the figures 1-3. 5 typical malformations are selected from each pathology group. On the left (A) a colour photo taken under illumination by 3 spectral lines (448nm, 532nm un 569nm) is presented, followed by the calculated distribution maps of  oxyhaemoglobin (B), deoxy-haemoglobin (C) and melanin (D) relatively to the healthy skin.
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Fig.1. Relative changes of the chromophore concentrations in skin pigmented pathologies – nevi. The colour scale is graduated in milimoles.
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Fig.2. Relative changes of the chromophore concentrations in skin pigmented pathologies – seborrheic keratosis. The colour scale is graduated in milimoles.
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Fig.3. Relative changes of the chromophore concentrations in skin vascular pathologies – hemangiomas. The colour scale is graduated in milimoles.


The image processing requires knowledge of of the photon absorption pathlength in skin, which was estimated by means of Monte Carlo simulations in collaboration with the University of Oulu in Finland (Dr. A.Bykov). Results of the simulations are presented on Fig.4 and Table 1.
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Fig.4. Results of Monte Carlo simulations for photon propagation in skin at the exploited wavelengths.
Table 1
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The main conclusions:
· The developed prototype device and algorithm provides the clinical data that are in qualitative agreement with the physiologically expected ones:
· Increased epidermal melanin content in the pigmented pathologies (nevi, keratoses),
· Increased oxy-haemoglobin and decereased deoxy-haemoglobin content in the vascular pathologies (hemangiomas) .
· In most cases insignificant or no changes of haemoglobin was observed in the maps of pigmented pathologies, and insignificant or no changes of melanin observed in the maps of vascular pathologies
· Grainy structure of images due to laser specles was observed
· Calibration of the colour scales in milimoles opens possibilities for quantitative diagnostics, i.e. to estimate increase or decrease of the chromophore concentration
· The data related to the healthy skin (c = 0) are limited - it is impossible to determine the relative change of chromophore concentration in the pathologies
· Use of the Beer’s absorption law in image processing requires knowledge of the mean path of the remitted photons in skin; the Monte Carlo data have to be validated experimentally, e.g. by the time-of-flight methods.
· Besides the three regarded chromophores, also bilirubin, beta-carotine, lipids and water can contribute in skin absorption. To map distribution of these chromophores, the doulbe-snapshot technology at two combinations of the illumination spectral lines has to be developed.
In addition to the clinical measurements, during the 3rd period the previously patented approach for obtaining n>3 monochromatic images (LV 15106) was implemented in an experimental device comprising four laser switchable illuminator and a smartphone. Laser beams of different wavelengths from 4 modules were directed to a diffusive reflector vibrating with ~80 Hz frequency. 8 vibrations during the 100 ms exposure time had “smeared” the laser speckles so improving the quality of images. Two modules could be manually switched, so two sets of 3-wavelengths illumination was obtained proving the possibility to map 4 skin chromophores. Design scheme of the new device is presented on Fig.5.  
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Fig.5. Design scheme of the four laser illuminator. 

The prototype device (Fig.6) contains 4 laser modules emitting at 405, 450, 532 and 650nm. Four rechargeable AA-type batteries are used as power supply providing voltages 3V and 6V. Alminium foil reflector R covered by a diffuser D is fixed on a smal-size speaker S that generates ~80 Hz vibrations. Electonic circuit is presented on Fig.6, b.
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Fig.6. Prototype device for 4-wavelength illumination (a) and its electronic circuit scheme (b).


1.2. Laboratory and clinical measurements for the contactless monitoring of cardiac and circulatory parameters in the near infrared spectral range
During the project, the laboratory tests and clinical validation of the newly developed prototype device were performed. In the preceding period of the project we were developed two prototype devices for contactless heart and circulatory monitoring using near-infrared radiation. The aim of our work was to test the possibilities of these devices for measurement of human skin microcirculation amplitude under different hemodynamic load conditions. It was carried out by an external provocation (pressure cuff or regional anesthesia), causing direct circulatory changes that can be measured by developed devices. Below is the detailed measurement and description of the results.
1.2.1. Laboratory measurements performed by prototype camera and high-resolution camera for contactless subcutaneous photoplethysmography measurements in the near IR range
For study of contactless skin circulatory processes there was used newly developed device, which includes an IR illuminator and a compact video camera (Ximea, CMOS 8-bit 480x640 pix. resolution). In order to objectively assess the camera's sensitivity of blood circulation determination, the measurements were performed simultaneously by professional scientific camera (ANDOR, cooled sCMOS matrix, high-dynamic range16-bit 2048x2048 pix. resolution). The aim of tests was to make sure about the usefulness of the developed prototype device for skin blood flow measurements, and to what extent it is "lagging behind" the professional scientific hardware.
In laboratory experiments 11 healthy people were participated (10 successful measurements obtained from 3 men and 7 women). Each person was situated on supine position on couch, right hand was fixed by vacuum pillow but fingertips were fixed by adhesive tape to prevent any movements that could cause artifacts in the PPG signal. Above the wrist there was placed a device (at distance 10-15 cm) that includes a plate of the IR emitters, the prototype camera, professional camera and control unit (see. Fig 7a).
For obtaining high variability of the PPG signal we used a human-friendly mechanical provocation, when the measurements of skin were performed at a "normal blood flow" conditions and "without blood". For the changing of microcirculation of palm, the compression pressure cuff (220 mmHg) was applied to the upper arm. The measurement was carried out in 3 phases: 1) normal condition - 2 min., 2) cuff compression (occlusion) - 3 min., 3) compression release (hyperemia) - 5 min.
During the measurements the video recording of outer palm skin surface was performed simultaneously by both cameras (Ximea - 640x480 pix., 50 frames/ sec, Andora - 512x120 pix., 50 frames/ sec). The intensity and spatial distribution of IR radiance were adjusted with regards to obtain the maximum possible video image intensity and to reach flat-field light distribution of the surveyed skin area.
Later the video signals were analyzed by the PPG analysis software (previously developed in IAPS UL). Each video file was analyzed and the PPG signal was calculated from chosen area of skin (Figure 6 b). Pulsatile signal component (cardiac pulse in the range 42-120 beats/min) and the amplitude of each cardiac cycle was calculated from whole PPG signal. The median average values of PPG signal amplitudes were calculated for each subject in two loads: 1) normal condition in the time interval 30-120 sec and 2) occlusion in the interval 150-300 sec. It was assumed that the PPG signal does not depend on the blood flow during the occlusion period, but it is affected only by camera noise. Thus, the PPG signal was normalized to this "zero" level for every measurement.
Figure 8 and 9 shows the amplitude dynamics during the three loads and the average levels of normal condition and occlusion. The PPG signal amplitude varies for every subject, that can be explained by individual differences in microcirculation. The results showed that regardless of the subject's microcirculation differences, the circulation intensity in palm skin can be measured by both prototype camera and high-resolution Andor camera. The results showed that the sensitivity of the Andor camera exceeds sensitivity of prototype camera more than 2.75 times in determination of microcirculation amplitude in wrist flow measurements.
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Figure 7. The experimental setup (a) and video frame of palm skin under IR illumination (b).


Figure 8. The graphs of dynamics of skin microcirculation PPG amplitude under three loads: 1) normal condition, 2) occlusion, 3) hyperemia. The red lines show the borders between the loads; black lines shows median values of amplitudes obtained in these loads.


Figure 8. The graphs of dynamics of skin microcirculation PPG amplitude under three loads: 1) normal condition, 2) occlusion, 3) hyperemia. The red lines show the borders between the loads; black lines shows median values of amplitudes obtained in these loads.


Figure 10. Correlation between the averaged PPG amplitudes in normal condition obtained from 10 patients, using prototype camera and ANDOR camera.

1.2.2. Clinical measurements performed by remote photoplethymography prototype device for assessing of regional anesthesia.
In the preceding period of the project a miniature prototype device for contactless monitoring of skin blood flow was developed. The prototype was tested in the IAPS UL laboratory and later it was validated in a clinical environment (see. Fig.11). This device has been connected to a computer, and it works together with remote PPG analysis software. The system was approbated in the Hospital of Traumatology and Orthopedics for patients with wrist injury undergoing regional anesthesia (RA) procedure before the surgery. RA is a standard procedure for excluding of pain sense during the surgery. The doctor-anesthetist performs the administering of the local anesthetic in the area of armpit (or neck), and 5-15 minutes later the palm (arm) skin becomes insensitive. Local anesthetic affects the sympathetic innervation of circulation system that leads to an increase in regional blood flow intensity. Thus, a successive effect of RA could be determinated by detection of increasing of microcirculation intensity in palm skin.
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Figure 11. The validation of remote PPG prototype device in the Clinics of Traumathology and Ortophedics

During the project, our developed remote PPG system has been successfully applied to the RA monitoring. The study involved six persons aged 18 to 40 years. During the procedures while measurements, a subject was in lying position. Palm was fixed by a custom made foam polystyrene support, which was fixed by arm support, for any possible movement exclusion during the RA procedure. A remote PPG device was mounted by the flexible stand at the distance of ~15 cm to the palm. Furthermore, the set of thermography images of palm were recorded by compact thermal camera (FLIR-C2). Duration of each measurement lasted 15 minutes, recording of video was performed 1 minute before the RA procedure and continue to record the signal the rest of the time. RA procedure was performed with a local anesthetic (Sol.Lidocaini 2% - 10 ml and Sol.Bupivacaini 0.5% - 10 ml) administration in armpit level, the procedure was monitored by ultrasonic device. Usually the RA procedure takes about 5 minutes. The efficacy of anesthetic for each entity was controlled by touching the skin with ice cubes.
During the measurements were obtained a high-resolution skin microcirculation amplitude maps, which make easy to determinate palm skin areas where blood flow increases. This greatly facilitated for the doctor-anesthetist to conclude on the effectiveness of the RA in the corresponding skin areas. Measurements were analyzed, by analyzing of impact of parameter value to the sensitivity of microcirculation map, calculated by processing algorithm. The PPG maps were compared with the thermal images.
In the first study we analyzed how the spatial processing parameter (Gaussian pyramid level) affects the quality of PPG microcirculation map. In this case, the spatial decomposition of video gives improvement of sensitivity and spatial resolution of skin microcirculation maps. However, this method has its drawbacks. Too high value of decomposition level L increases the PPG signal sensitivity (reducing binary noise of camera), but also reduces the spatial resolution, and vice versa, at small L values map sensitivity decreases rapidly (see. Figure 12). During the analysis it was concluded that starting from L=3 there are seen the areas with microcirculation changes, but L>5 practically does not influence the quality of PPG maps.
[image: fig5]
Figure 12. The dynamics of remote PPG map intensity after the local anesthetic administration for 5 subjects. Maps are calculated at different pyramid levels L.

In the second study we analyzed how the different spatial frequency components affects the quality of microcirculation map. During the study it was discovered that the low spatial frequency components more affects the sensitivity of PPG map than the high frequency components. During the pyramid reconstruction procedure the superposition of different spatial frequency components with normalization constants were calculated. The ratios between the normalization constants are determined by parameter p, from which depends the map sensitivity and spatial resolution. Similarly, as in the previous case, in order to achieve high sensitivity and high spatial resolution map, choose the optimal p-value is important.
Fig. 13 shows thermal images (top row) and microcirculation maps at different p values obtained at five time moments: 1) before the RA procedure, 2) 2 min. after the completion of the RA procedure, 3), 3 min, 4) 5 min. and 5) 9 min. later. Thermal imaging can be used as standard method to determine the effectiveness of the RA, however, it is still not being used in Latvia. In this study we compared thermography method with a PPG mapping. The results obtained by with both methods showed practically same skin areas, which have been selectively innervate by the RA procedure (lower part of palm). Map calculations showed that increasing of p-parameter value leads to increasing of map sensitivity and reducing its spatial resolution.

Figure 13. Thermal images (1st row) and PPG maps (next rows) before and after the regional anesthesia procedure. Maps ar different reconstruction p-parameter values.



1.3.	Clinical measurements and data analysis for tissue imaging in the near-infrared spectral range
The developed prototype device for estimation of skin hydration by near-infrared reflectance spectroscopy was validated during clinical measurements of 39 volunteers. The goal of this study was to determine the long-term effect of a specific moisturizing cream X and serum Y on skin hydration. Participants of this study were using a moisturizing cream X on the proximal part of volar aspect of left arm (closer to the elbow), moisturizing serum Y on the dorsal part of the volar aspect of left arm (closer to the palm), while the volar aspect of the right arm was control – volunteers were asked not to use any moisturizing cream on the right arm (Fig. 14).
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Fig. 14. Volar aspect of the left arm: cream was applied on the proximal part (closer to the elbow), and serum was applied on the dorsal part (closer to the palm).
Three measurements at different spots on skin were performed for each region of interest (dorsal part of left arm, proximal part of left arm, and right arm), and the average value was calculated at each region of interest. Measurements were performed in the beginning of January and in February – one month later, to  compare the effect of cream and serum on skin after 1 month. Afterwards, average values at each region of interest were compared between the beginning and one month after.
All measurements were performed by two different devices - the developed device for estimation of skin moisture level by near-infrared spectroscopy, and a commercial device DermaLab (by Cortex Technology) which estimates skin hydration based on changes in skin conductance (with increased water volume fraction in skin or skin hydration, there is an increase in electrical conductance of skin). Measurements were performed in the same conditions for all 39 participants.
Absorption spectra in the near-infrared spectral range of 900-1700 nm of skin were acquired by the developed prototype device. However, only absorption (Optical Density) value at 1450 nm was used for further analysis, as during laboratory measurements it was concluded that absorption at this wavelength offers the best sensitivity for estimation of change in skin hydration. Optical Density values at 1450 nm were on average in the range of 1.5 to 1.8 (relative units). For easier data analysis and comparison of results to those of the other device, an empirical parameter for estimation of skin hydration was chosen, calculated as 10OD. Thus, relative skin hydration values for all 39 volunteers were in the range of 30 – 70. For comparison, DermaLab results for all 39 volunteers were in the range of 30 to 300. This shows that for small skin hydration changes, DermaLab shows a larger change in skin hydration parameter than the developed prototype device.
In the beginning of analysis, Lilliefors statistics test was performed on results of all 39 volunteers to test whether all values of the same skin region conform to normal distribution. Afterwards, a Two sample T Test was performed to see whether there is a statistically significant change between results of all 39 volunteers in the beginning of the study compared to 1 month after. This was done for each skin region of interest separately: dorsal part of the left hand, proximal part of the left hand, and right hand. It was expected that there would be no statistically significant change for the control group (right hand). However, there should be a statistically significant difference for the results of the left hand if there is any long-term effect of the cream or the serum. 
Results are represented in 5 parts for each device (in total, 10 parts); each part shows the average skin hydration value of all 39 volunteers:
· Right arm (control) group in the beginning;
· Right arm (control) group 1 month after;
· Left hand group in the beginning;
· Left hand cream group 1 month after;
· Left hand serum group 1 month after.
In order to perform the Two sample T Test, the Lilliefors test was performed to see whether all data in the same group are normally distributed. It was concluded that 8 out of 10 groups conform to normal distribution, and 2 do not – DermaLab results of left arm cream group 1 month after, and DermaLab results of right arm (control) group 1 month after. For comparison, Figure 15 shows histograms of results by both devices for right arm (control) group 1 month after. However, the Two sample T Test was performed on all 10 groups even though for the 2 abovementioned groups the results can be less reliable.
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Fig. 15. Histograms of skin hydration parameter values for right arm (control) group 1 month after by both devices – the developed NIR prototype device (on the left) and DermaLab (on the right).
For result analysis, the following parameters were calculated:
· Average value of all volunteers in the beginning, subtracted from the average value of all volunteers 1 month after: ;
· Standard deviation (distribution of results inside one group): ;
· Standard error , where  is the count of volunteers.


The Two sample T Test showed the following results:
1. By the developed NIR prototype device:
0. Comparison of the right arm (control) group in the beginning and 1 month after showed no statistically significant change () between both groups; 
.
0. Comparison of the left arm cream group in the beginning and 1 month after showed no statistically significant change () between both groups;
.
0. Comparison of the left arm serum group in the beginning and 1 month after showed a statistically significant change () between both groups;
.
1. By the commercial device DermaLab:
1. Comparison of the right arm (control) group in the beginning and 1 month after showed a statistically significant change () between both groups:
.
1. Comparison of the left arm cream group in the beginning and 1 month after showed a statistically significant change () between both groups:
.
1. Comparison of the left arm serum group in the beginning and 1 month after showed a statistically significant change () between both groups:
.

It was expected that there should be no statistically significant change between results of the right arm (control) group in the beginning and 1 month after, and it is shown by the results of the developed NIR prototype device. By subtracting the average value in the beginning of all volunteers (38) from the value 1 month after, the result was 0. However, the standard deviation of these results is relatively large: 4. However, DermaLab results showed a statistically significant change between results of the control group, which was not expected.
When comparing cream and serum groups, the results acquired by the developed NIR prototype device showed no statistically significant change for the cream group, but a statistically significant change for the serum group (). However, results acquired by DermaLab showed a statistically significant difference for both cream and serum; in addition, the increase in skin hydration parameter value was almost twice as large in case of the cream group (), compared to the serum group ().
In conclusion, the results show that the commercial device DermaLab is much more sensitive to small changes in skin hydration, compared to the developed NIR prototype device. DermaLab allowed the comparison between cream and serum groups, while the NIR prototype device did not. However, DermaLab results did not come out as expected either, at least not for the control group. It is possible that some volunteers were using moisturizing cream on the right arm as well, or there were other factors affecting skin moisture for the right arm (control) group, not related to use of a moisturizing cream. Such factors could be outside or room temperature, physiological condition etc.

1.3.1. Monte Carlo simulations for the analysis of effects caused by optical properties in the near-infrared spectral range

A Matlab based graphical user interface was created for Monte Carlo simulation input creation and output reading to simplify the whole process for research purposes. A short description of the created program:
· The user has an option to choose the wavelength range between 250-1700 nm and the spectral resolution;
· Choose the number of photons that will propagate in the tissue model;
· Select the number of layers of the tissue model and specify optical parameters for each layer – refractive index, scattering coefficient, anisotropy factor and layer thickness. Option to choose which chromophores are included in each layer and specify the volume fraction of each chromophore. Select different scattering coefficient calculation modes or leave it constant;
· Specify the model grid sizes in each direction in 3D;
· Specify the refractive index above and below the tissue model;
· An option to include different simulation programs if the program uses similar kind of input (i.e. GPUmcml);
· When all input parameters are specified, Monte Carlo simulations begin and output can be read in different modes – as a data array, table and graph, which displays values like absorption, specular reflection, diffuse reflection and transmittance as a function of wavelength.
Calculations.
Monte Carlo simulations can be used to approximate different optical parameters of human tissue in the near infrared spectral range of 900 – 1300 nm (Volume fractions of chromophores, scattering coefficient, refractive index, etc.).

Figure 16. Absorbing chromophore absorption coefficients in the 900-1300 nm spectral range as a function of wavelength.
Optical parameters are changed in the model to create an understanding of how each of the parameters affects the resulting diffuse reflectance spectra. The information gathered is then used for further spectral analysis. An issue regarding spectral overlapping when looking at spectra with different optical parameters is identified and several solutions to this problem are presented. The accuracy of the inverse Monte Carlo method is tested with experimental spectra of a material with different volume fractions of water. 
Possible comparisons between experimental and simulated spectra – exact spectral comparison (Figure 17), area analysis under absorption maxima, chromophore absorption spectra (Figure 16) fitting to experimental spectra. 
Table 1 Tissue model for Monte Carlo simulations.  – Volume fractions of water, lipids, collagen, elastin;  – layer thickness;  – anisotropy factor;  – refractive index.
	Parameter
	Stratum Corneum
	Epidermis
	Dermis

	
	0.30
	0.65
	0.65

	
	0.05
	0.05
	0.10

	
	0.40
	0.20
	0.15

	
	0.25
	0.10
	0.10

	
	20
	80
	2000

	
	0.86
	0.80
	0.90

	
	1.50
	1.35
	1.40




Figure 17. Spectral overlapping at different optical parameters of the tissue model. The straight line represents a tissue model with volume fraction of water at 50% in the epidermis. The data points represent a tissue model with the epidermis layer thickness changed to 60 . The secondary axis shows residual values.

2. Clinical validation of the skin multimodal imaging prototype device „SkImager”.
RGB images were taken from 50 patients with rosacea at different stages by SkImager. Rosacea is a chronic inflammatory skin disease that involves flushing, transient or persistent erythema, visible blood vessels, as well as papules and pustules. Physicians classify disease by skin visual assessment using Clinician’s Erythema Assessment (CEA) grading scale that ranges from 0 (clear skin, no erythema) to 4 (severe erythema).
Images were taken from five parts of facial skin for each patient (central forehead, right cheek, left cheek, right part of nose and left part of nose).
Images of 13 patients with different diagnosed CEA index - CEA=1 (3 patients), CEA=2 (5 patients), CEA=3 (5 patients) - were selected for further analysis. Images of the lesion taken in the first visit to the doctor (before lesion treatment) from central forehead and both cheeks were analyzed by software that performs segmentation of erythema index (EI) and principal component analysis (PCA) maps. 
Software allows to download R, G and B images (fig.18) and to select the region of interest on the RGB image where segmentation maps are calculated. Software calculates EI and PCA maps (by selecting the appropriate option), divide calculated values in five clusters and calculate the percentage of the share of each cluster. Fifth cluster corresponds (dark brown color) to higher erythema indices, first cluster (blue color) to the lowest. Maps of erythema index were calculated by dividing red image by green:  EI=R/G. 
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Region of interest
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Fig.18. Image processing software

The maps of erythema index and three principal components (PCA1 – first component, PCA2 – second component, third component) are compared in figure 19. The figure shows, that the EI and PCA1 segmentation maps outline blood vessels, the PCA2 map doesn’t give any information about the areas of blood vessels, while more segments similar to blood vessels are seen in the PCA3 map and some of them match the blood vessels in the RGB image.  
Figure 20 shows the influence of dark pigments on segmentation. If selected region contains very dark nevi or pigmentation then the algorithm outlines them in separate clusters (fourth, fifth cluster) that influences the segmentation accuracy of surrounding blood vessels.
Figure 21 shows examples of segmentation maps of three different rosacea stages on right cheek. EI segmentation selects blood vessels more precisely than PCA1, that allows to define the areas of blood vessels as well as to track changes more accurately.
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Fig.19. Comparison of erythema index (EI) un PCA components for one particular case (CEA=3, right cheek).
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Fig.20. The influence of dark pigmentation on segmentation (CEA=3, left cheek).
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Fig.21 Segmentation maps for three different stages of rosacea (CEA=1, CEA=2, CEA=3, right cheek).

Conclusions:
1. EI segmentation selects an area of blood vessels more precisely than the first component of PCA.
1. Segmentation maps of PCA first component shows visual blood vessels, but these maps are dependent on inhomogeneity of lighting field, shadows on curvature and light pigmentation (impossible to distinguish blood vessels and redness from pigmentation and shadows – all are segmented in one cluster).  
1. Second component of PCA gives no information about distribution of blood vessels and redness.
1. Third component of PCA showed similarity with the visible blood vessels in RGB images in some cases, but further analysis is required, because there were cases when blood vessels were not seen in RGB images, but PCA maps showed the areas similar to blood vessels. 
Further tasks:
1. Clinical measurements of rosacea patients. 
1. Mapping and analysis of skin blood vessels before and after treatment.
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2. E.Kviesis-Kipge, U.Rubīns. „Portable remote photoplethysmography device for monitoring of blood volume changes with high temporal resolution” BEC-2016, Proc. 15th Biennial Conference on Electronics and Embedded Systems. pp. 55-58 (2016); IEEE Explore, DOI: 10.1109/BEC.2016.7743727.
3. U.Rubins, J.Spigulis, A.Miscuks, “Photoplethysmography imaging algorithm for continuous monitoring of regional anesthesia”, ESTIMedia'16,  Proc.14th ACM/IEEE Symp. on Embedded Systems for Real-Time Multimedia, pp. 67-71 (2016), http://dl.acm.org/citation.cfm?id=2994308&CFID=863483070&CFTOKEN=69466985 (IEEE Explore). 

Conference reports (6)
1. I.Saknite, A.Zavorins, I.Zablocka, J.Spigulis, J.Kisis, "Comparison of Optical and Conductance Methods for Estimation of Skin Hydration", Norwegian Electro-Optics Meeting 2016, Voss, Norway, April 13-15, 2016.  
1. J.Spigulis, I.Oshina, Z.Rupenheits, "Smartphone single-snapshot mapping of skin chromophores", OSA Biomedical Optics Congress, Fort Lauderdale, USA,  25 - 28 April 2016. 
1.  I.Saknite, A.Zavorins, I.Zablocka, J.Spigulis, J.Kisis,"Near-Infrared Reflectance Spectroscopy System for Noninvasive Estimation of Skin Hydration", The 2nd Biomedical Imaging and Sensing Conference, May 17-20, 2016, Yokohama, Japan. 
1. J.Spigulis ”Multi-laser illumination designs for skin chromophore mapping”, Int. Conf. "Advanced Laser Technologies" (ALT16), 12-16 September 2016, Galway, Ireland. 
1. E. Kviesis-Kipge, U.Rubīns. „Portable remote photoplethysmography device for monitoring of blood volume changes with high temporal resolution”,  BEC2016, 15th Bien. Conf. on Electronics and Embedded Systems, October 3-5, 2016 Tallinn, Estonia. 
1. U.Rubins, J.Spigulis, A.Miscuks, “Photoplethysmography imaging algorithm for continuous monitoring of regional anesthesia”, ESTIMedia'16, 14th ACM/IEEE Symp. on Embedded Systems for Real-Time Multimedia, 6-7 October 2016, Pittsburgh, USA. (IEEE Explore)
Public outreach

1. The elaborated methods and devices were presented to general public (>800 attendees) during the European Researcher’s Night on 30.09.2016. at the Institute of Atomic Physics and Spectroscopy (Riga, Skunu Str. No.4).
1. The novel technology “Non-invasive skin assessment with a smartphone” was presented at the international exhibition RIGA COMM 2016 (October, 2016).
1. Related Internet publication (in Portugese): http://www.ifsc.usp.br/index.php?option=com_content&view=article&id=3956:docente-da-university-of-latvia-visita-grupo-de-optica&catid=3:ifsc-hoje&Itemid=281 
1. Weekly journal article (in Latvian): žurnāls IR,#51/51, pp. 24-25. “Kas nodarbina pētnieku prātus? Jānis Spīgulis: Tehnoloģija operatīvam ādas stāvokļa novērtējumam ar viedtālruni”.

Defended Master Theses:

Reinis Janovskis, “Infrared spectroscopy and imaging for evaluation of skin moisture”, supervisors: Prof. Jānis Spīgulis, Dr. Phys. Inga Saknīte.
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Water	899	901	902	904	906	907	909	911	912	914	916	917	919	921	922	924	926	928	929	931	933	935	936	938	940	941	943	945	947	949	950	952	954	956	958	960	961	963	965	967	969	971	973	974	976	978	980	982	984	986	988	990	992	994	996	998	1000	1002	1004	1006	1008	1010	1012	1014	1016	1018	1020	1022	1024	1026	1028	1030	1033	1035	1037	1039	1041	1043	1046	1048	1050	1052	1054	1057	1059	1061	1063	1066	1068	1070	1073	1075	1077	1080	1082	1084	1087	1089	1091	1094	1096	1098	1101	1103	1106	1108	1111	1113	1116	1118	1121	1123	1126	1128	1131	1133	1136	1139	1141	1144	1146	1149	1152	1154	1157	1160	1162	1165	1168	1171	1173	1176	1179	1182	1184	1187	1190	1193	1196	1199	1201	1204	1207	1210	1213	1216	1219	1222	1225	1228	1231	1234	1237	1240	1243	1246	1250	1253	1256	1259	1262	1265	1269	1272	1275	1278	1282	1285	1288	1292	1295	1298	1302	6.3601000000000005E-2	6.4574999999999994E-2	6.5617999999999996E-2	6.6724000000000006E-2	6.7685999999999996E-2	6.8997000000000003E-2	7.0365999999999998E-2	7.1867E-2	7.3579000000000006E-2	7.5618000000000005E-2	7.7922000000000005E-2	8.0851999999999993E-2	8.4095000000000003E-2	8.8006000000000001E-2	9.2679999999999998E-2	9.8192000000000002E-2	0.104222	0.11131000000000001	0.11944100000000001	0.12809300000000001	0.137382	0.14649599999999999	0.15573699999999999	0.16880200000000001	0.181811	0.19630800000000001	0.21054999999999999	0.22872100000000001	0.24681600000000001	0.27013100000000001	0.29762499999999997	0.32735900000000001	0.362238	0.39302799999999999	0.41844199999999998	0.43851400000000001	0.45374900000000001	0.46324599999999999	0.47009899999999999	0.47562500000000002	0.47853400000000001	0.48143000000000002	0.484315	0.48639900000000003	0.48668899999999998	0.48569400000000001	0.48213800000000001	0.47859699999999999	0.47379300000000002	0.46773399999999998	0.460428	0.45315100000000003	0.44336999999999999	0.43615700000000002	0.42644900000000002	0.41677999999999998	0.40715000000000001	0.39630500000000002	0.38675399999999999	0.37599199999999999	0.36402600000000002	0.352107	0.34023599999999998	0.32965	0.31910699999999997	0.30860399999999999	0.29567900000000003	0.28403400000000001	0.27243499999999998	0.26210600000000001	0.25059399999999998	0.23912700000000001	0.22991700000000001	0.21976000000000001	0.21085300000000001	0.20198099999999999	0.19434999999999999	0.186749	0.179005	0.17146900000000001	0.166355	0.16125999999999999	0.15618499999999999	0.15217600000000001	0.14951500000000001	0.14568	0.14422399999999999	0.14263899999999999	0.14119499999999999	0.140931	0.140537	0.14144499999999999	0.143516	0.14428099999999999	0.14749799999999999	0.151863	0.15606800000000001	0.16039700000000001	0.16586200000000001	0.171151	0.17771799999999999	0.18654999999999999	0.19289000000000001	0.200515	0.207925	0.21662200000000001	0.22508600000000001	0.23371400000000001	0.23533799999999999	0.245033	0.25782899999999997	0.27191700000000002	0.289049	0.31638699999999997	0.353325	0.403721	0.47123900000000002	0.55715700000000001	0.65199700000000005	0.75354299999999996	0.85968900000000004	0.94931299999999996	1.0406530000000001	1.0998300000000001	1.140423	1.169972	1.1895880000000001	1.197311	1.2049939999999999	1.212639	1.231997	1.2288539999999999	1.236386	1.243879	1.2523919999999999	1.2598130000000001	1.2671969999999999	1.2745439999999999	1.281854	1.2786459999999999	1.266054	1.273336	1.25976	1.256637	1.243169	1.240102	1.2164330000000001	1.2134469999999999	1.2002170000000001	1.197284	1.184158	1.1710959999999999	1.1580969999999999	1.155295	1.1423970000000001	1.129561	1.1158939999999999	1.1031930000000001	1.1005579999999999	1.0979350000000001	1.0853680000000001	1.082794	1.0793809999999999	1.086714	1.103869	1.111111	1.137051	1.163734	1.180536	1.215787	1.2517849999999999	1.297299	1.3512230000000001	Lipids	900	900.5	901	901.5	902	902.5	903	903.5	904	904.5	905	905.5	906	906.5	907	907.5	908	908.5	909	909.5	910	910.5	911	911.5	912	912.5	913	913.5	914	914.5	915	915.5	916	916.5	917	917.5	918	918.5	919	919.5	920	920.5	921	921.5	922	922.5	923	923.5	924	924.5	925	925.5	926	926.5	927	927.5	928	928.5	929	929.5	930	930.5	931	931.5	932	932.5	933	933.5	934	934.5	935	935.5	936	936.5	937	937.5	938	938.5	939	939.5	940	940.5	941	941.5	942	942.5	943	943.5	944	944.5	945	945.5	946	946.5	947	947.5	948	948.5	949	949.5	950	950.5	951	951.5	952	952.5	953	953.5	954	954.5	955	955.5	956	956.5	957	957.5	958	958.5	959	959.5	960	960.5	961	961.5	962	962.5	963	963.5	964	964.5	965	965.5	966	966.5	967	967.5	968	968.5	969	969.5	970	970.5	971	971.5	972	972.5	973	973.5	974	974.5	975	975.5	976	976.5	977	977.5	978	978.5	979	979.5	980	980.5	981	981.5	982	982.5	983	983.5	984	984.5	985	985.5	986	986.5	987	987.5	988	988.5	989	989.5	990	990.5	991	991.5	992	992.5	993	993.5	994	994.5	995	995.5	996	996.5	997	997.5	998	998.5	999	999.5	1000	1000.5	1001	1001.5	1002	1002.5	1003	1003.5	1004	1004.5	1005	1005.5	1006	1006.5	1007	1007.5	1008	1008.5	1009	1009.5	1010	1010.5	1011	1011.5	1012	1012.5	1013	1013.5	1014	1014.5	1015	1015.5	1016	1016.5	1017	1017.5	1018	1018.5	1019	1019.5	1020	1020.5	1021	1021.5	1022	1022.5	1023	1023.5	1024	1024.5	1025	1025.5	1026	1026.5	1027	1027.5	1028	1028.5	1029	1029.5	1030	1030.5	1031	1031.5	1032	1032.5	1033	1033.5	1034	1034.5	1035	1035.5	1036	1036.5	1037	1037.5	1038	1038.5	1039	1039.5	1040	1040.5	1041	1041.5	1042	1042.5	1043	1043.5	1044	1044.5	1045	1045.5	1046	1046.5	1047	1047.5	1048	1048.5	1049	1049.5	1050	1050.5	1051	1051.5	1052	1052.5	1053	1053.5	1054	1054.5	1055	1055.5	1056	1056.5	1057	1057.5	1058	1058.5	1059	1059.5	1060	1060.5	1061	1061.5	1062	1062.5	1063	1063.5	1064	1064.5	1065	1065.5	1066	1066.5	1067	1067.5	1068	1068.5	1069	1069.5	1070	1070.5	1071	1071.5	1072	1072.5	1073	1073.5	1074	1074.5	1075	1075.5	1076	1076.5	1077	1077.5	1078	1078.5	1079	1079.5	1080	1080.5	1081	1081.5	1082	1082.5	1083	1083.5	1084	1084.5	1085	1085.5	1086	1086.5	1087	1087.5	1088	1088.5	1089	1089.5	1090	1090.5	1091	1091.5	1092	1092.5	1093	1093.5	1094	1094.5	1095	1095.5	1096	1096.5	1097	1097.5	1098	1098.5	1099	1099.5	1100	1100.5	1101	1101.5	1102	1102.5	1103	1103.5	1104	1104.5	1105	1105.5	1106	1106.5	1107	1107.5	1108	1108.5	1109	1109.5	1110	1110.5	1111	1111.5	1112	1112.5	1113	1113.5	1114	1114.5	1115	1115.5	1116	1116.5	1117	1117.5	1118	1118.5	1119	1119.5	1120	1120.5	1121	1121.5	1122	1122.5	1123	1123.5	1124	1124.5	1125	1125.5	1126	1126.5	1127	1127.5	1128	1128.5	1129	1129.5	1130	1130.5	1131	1131.5	1132	1132.5	1133	1133.5	1134	1134.5	1135	1135.5	1136	1136.5	1137	1137.5	1138	1138.5	1139	1139.5	1140	1140.5	1141	1141.5	1142	1142.5	1143	1143.5	1144	1144.5	1145	1145.5	1146	1146.5	1147	1147.5	1148	1148.5	1149	1149.5	1150	1150.5	1151	1151.5	1152	1152.5	1153	1153.5	1154	1154.5	1155	1155.5	1156	1156.5	1157	1157.5	1158	1158.5	1159	1159.5	1160	1160.5	1161	1161.5	1162	1162.5	1163	1163.5	1164	1164.5	1165	1165.5	1166	1166.5	1167	1167.5	1168	1168.5	1169	1169.5	1170	1170.5	1171	1171.5	1172	1172.5	1173	1173.5	1174	1174.5	1175	1175.5	1176	1176.5	1177	1177.5	1178	1178.5	1179	1179.5	1180	1180.5	1181	1181.5	1182	1182.5	1183	1183.5	1184	1184.5	1185	1185.5	1186	1186.5	1187	1187.5	1188	1188.5	1189	1189.5	1190	1190.5	1191	1191.5	1192	1192.5	1193	1193.5	1194	1194.5	1195	1195.5	1196	1196.5	1197	1197.5	1198	1198.5	1199	1199.5	1200	1200.5	1201	1201.5	1202	1202.5	1203	1203.5	1204	1204.5	1205	1205.5	1206	1206.5	1207	1207.5	1208	1208.5	1209	1209.5	1210	1210.5	1211	1211.5	1212	1212.5	1213	1213.5	1214	1214.5	1215	1215.5	1216	1216.5	1217	1217.5	1218	1218.5	1219	1219.5	1220	1220.5	1221	1221.5	1222	1222.5	1223	1223.5	1224	1224.5	1225	1225.5	1226	1226.5	1227	1227.5	1228	1228.5	1229	1229.5	1230	1230.5	1231	1231.5	1232	1232.5	1233	1233.5	1234	1234.5	1235	1235.5	1236	1236.5	1237	1237.5	1238	1238.5	1239	1239.5	1240	1240.5	1241	1241.5	1242	1242.5	1243	1243.5	1244	1244.5	1245	1245.5	1246	1246.5	1247	1247.5	1248	1248.5	1249	1249.5	1250	1250.5	1251	1251.5	1252	1252.5	1253	1253.5	1254	1254.5	1255	1255.5	1256	1256.5	1257	1257.5	1258	1258.5	1259	1259.5	1260	1260.5	1261	1261.5	1262	1262.5	1263	1263.5	1264	1264.5	1265	1265.5	1266	1266.5	1267	1267.5	1268	1268.5	1269	1269.5	1270	1270.5	1271	1271.5	1272	1272.5	1273	1273.5	1274	1274.5	1275	1275.5	1276	1276.5	1277	1277.5	1278	1278.5	1279	1279.5	1280	1280.5	1281	1281.5	1282	1282.5	1283	1283.5	1284	1284.5	1285	1285.5	1286	1286.5	1287	1287.5	1288	1288.5	1289	1289.5	1290	1290.5	1291	1291.5	1292	1292.5	1293	1293.5	1294	1294.5	1295	1295.5	1296	1296.5	1297	1297.5	1298	1298.5	1299	1299.5	1300	4.6330000000000003E-2	4.6982000000000003E-2	4.7660000000000001E-2	4.8385999999999998E-2	4.9149999999999999E-2	4.9940999999999999E-2	5.0779999999999999E-2	5.1698000000000001E-2	5.2670000000000002E-2	5.3659999999999999E-2	5.4719999999999998E-2	5.5919999999999997E-2	5.7209999999999997E-2	5.8531E-2	5.994E-2	6.1502000000000001E-2	6.3159999999999994E-2	6.4856999999999998E-2	6.6629999999999995E-2	6.8515999999999994E-2	7.0459999999999995E-2	7.2410000000000002E-2	7.4380000000000002E-2	7.6371999999999995E-2	7.8369999999999995E-2	8.0363000000000004E-2	8.2339999999999997E-2	8.4290000000000004E-2	8.6209999999999995E-2	8.8092000000000004E-2	8.9940000000000006E-2	9.1768000000000002E-2	9.3539999999999998E-2	9.5211000000000004E-2	9.6829999999999999E-2	9.8419999999999994E-2	0.1	0.10159	0.1032	0.10484	0.1065	0.10818999999999999	0.1099	0.1116	0.1133	0.11501	0.1167	0.11837	0.12	0.12157999999999999	0.1231	0.12461	0.126	0.12717000000000001	0.12820000000000001	0.12914999999999999	0.12989999999999999	0.13038	0.13070000000000001	0.13070000000000001	0.13070000000000001	0.13061	0.12989999999999999	0.12920000000000001	0.1283	0.12694	0.12529999999999999	0.12363	0.12180000000000001	0.11974	0.11749999999999999	0.11513	0.11260000000000001	0.10988000000000001	0.107	0.10396	0.1008	9.7601999999999994E-2	9.4329999999999997E-2	9.0947E-2	8.7540000000000007E-2	8.4186999999999998E-2	8.0879999999999994E-2	7.7644000000000005E-2	7.4459999999999998E-2	7.1294999999999997E-2	6.8220000000000003E-2	6.5311999999999995E-2	6.25E-2	5.9702999999999999E-2	5.704E-2	5.4621000000000003E-2	5.2339999999999998E-2	5.0105999999999998E-2	4.802E-2	4.6178999999999998E-2	4.4450000000000003E-2	4.274E-2	4.1090000000000002E-2	3.9504999999999998E-2	3.7990000000000003E-2	3.6548999999999998E-2	3.5189999999999999E-2	3.3933999999999999E-2	3.2739999999999998E-2	3.1566999999999998E-2	3.0460000000000001E-2	2.9465000000000002E-2	2.852E-2	2.7569E-2	2.666E-2	2.5826000000000002E-2	2.504E-2	2.4279999999999999E-2	2.358E-2	2.2978999999999999E-2	2.2419999999999999E-2	2.1854999999999999E-2	2.1329999999999998E-2	2.0878000000000001E-2	2.0469999999999999E-2	2.0091999999999999E-2	1.975E-2	1.9452000000000001E-2	1.917E-2	1.8880999999999998E-2	1.8599999999999998E-2	1.8339000000000001E-2	1.8079999999999999E-2	1.7809999999999999E-2	1.753E-2	1.7229000000000001E-2	1.6930000000000001E-2	1.6653999999999999E-2	1.6389999999999998E-2	1.6126999999999999E-2	1.5890000000000001E-2	1.5701E-2	1.554E-2	1.5398999999999999E-2	1.528E-2	1.5187000000000001E-2	1.5100000000000001E-2	1.5010000000000001E-2	1.491E-2	1.4779E-2	1.4630000000000001E-2	1.4461999999999999E-2	1.431E-2	1.4201E-2	1.413E-2	1.4102E-2	1.4102E-2	1.4102E-2	1.414E-2	1.4179000000000001E-2	1.421E-2	1.421E-2	1.421E-2	1.4208999999999999E-2	1.417E-2	1.4113000000000001E-2	1.4069999999999999E-2	1.4069999999999999E-2	1.4069999999999999E-2	1.4109E-2	1.4200000000000001E-2	1.4291999999999999E-2	1.4409999999999999E-2	1.4593E-2	1.481E-2	1.5025E-2	1.524E-2	1.5440000000000001E-2	1.5640000000000001E-2	1.5852000000000002E-2	1.6070000000000001E-2	1.6284E-2	1.652E-2	1.6819000000000001E-2	1.7160000000000002E-2	1.7524999999999999E-2	1.7930000000000001E-2	1.8402000000000002E-2	1.891E-2	1.9428000000000001E-2	1.9939999999999999E-2	2.0412E-2	2.087E-2	2.1323999999999999E-2	2.1780000000000001E-2	2.2248E-2	2.2720000000000001E-2	2.3188E-2	2.366E-2	2.4149E-2	2.4639999999999999E-2	2.5121999999999998E-2	2.5600000000000001E-2	2.6068999999999998E-2	2.6540000000000001E-2	2.7011E-2	2.751E-2	2.8086E-2	2.87E-2	2.9316999999999999E-2	2.9960000000000001E-2	3.0647000000000001E-2	3.1359999999999999E-2	3.2085000000000002E-2	3.2820000000000002E-2	3.3557999999999998E-2	3.4299999999999997E-2	3.5040000000000002E-2	3.5790000000000002E-2	3.6563999999999999E-2	3.7350000000000001E-2	3.8141000000000001E-2	3.8940000000000002E-2	3.9751000000000002E-2	4.0570000000000002E-2	4.1392999999999999E-2	4.2220000000000001E-2	4.3048999999999997E-2	4.3880000000000002E-2	4.4708999999999999E-2	4.5539999999999997E-2	4.6386999999999998E-2	4.7219999999999998E-2	4.8008000000000002E-2	4.8770000000000001E-2	4.9522999999999998E-2	5.024E-2	5.0892E-2	5.1520000000000003E-2	5.2169E-2	5.2789999999999997E-2	5.3344000000000003E-2	5.3859999999999998E-2	5.4351999999999998E-2	5.4809999999999998E-2	5.5225000000000003E-2	5.561E-2	5.5979000000000001E-2	5.6309999999999999E-2	5.6579999999999998E-2	5.6829999999999999E-2	5.7083000000000002E-2	5.7340000000000002E-2	5.7611000000000002E-2	5.79E-2	5.8215000000000003E-2	5.8569999999999997E-2	5.9000999999999998E-2	5.9479999999999998E-2	5.9976000000000002E-2	6.0499999999999998E-2	6.1065000000000001E-2	6.164E-2	6.2189000000000001E-2	6.2740000000000004E-2	6.3311999999999993E-2	6.3890000000000002E-2	6.4464999999999995E-2	6.5030000000000004E-2	6.5569000000000002E-2	6.6100000000000006E-2	6.6653000000000004E-2	6.7169999999999994E-2	6.7599999999999993E-2	6.7989999999999995E-2	6.8367999999999998E-2	6.8709999999999993E-2	6.9001999999999994E-2	6.9260000000000002E-2	6.9492999999999999E-2	6.9699999999999998E-2	6.9882E-2	7.0040000000000005E-2	7.0201E-2	7.0201E-2	7.0201E-2	7.0180000000000006E-2	7.0093000000000003E-2	6.9980000000000001E-2	6.9847000000000006E-2	6.9669999999999996E-2	6.9375999999999993E-2	6.9040000000000004E-2	6.8766999999999995E-2	6.8500000000000005E-2	6.8221000000000004E-2	6.7919999999999994E-2	6.7554000000000003E-2	6.719E-2	6.6901000000000002E-2	6.6619999999999999E-2	6.6309999999999994E-2	6.5960000000000005E-2	6.5514000000000003E-2	6.5040000000000001E-2	6.4601000000000006E-2	6.4189999999999997E-2	6.3825000000000007E-2	6.3479999999999995E-2	6.3144000000000006E-2	6.2810000000000005E-2	6.2468999999999997E-2	6.2120000000000002E-2	6.1839999999999999E-2	6.1530000000000001E-2	6.139E-2	5.7914E-2	5.663E-2	5.5495000000000003E-2	5.4496999999999997E-2	5.3622999999999997E-2	5.2859000000000003E-2	5.2192000000000002E-2	5.1607E-2	5.1093E-2	5.0636E-2	5.0222000000000003E-2	4.9838E-2	4.947E-2	4.9105999999999997E-2	4.8730999999999997E-2	4.8333000000000001E-2	4.7898000000000003E-2	4.7421999999999999E-2	4.6954000000000003E-2	4.6501000000000001E-2	4.6061999999999999E-2	4.5636000000000003E-2	4.5221999999999998E-2	4.4819999999999999E-2	4.4428000000000002E-2	4.4044E-2	4.367E-2	4.3302E-2	4.2939999999999999E-2	4.2583999999999997E-2	4.2231999999999999E-2	4.1883999999999998E-2	4.1536999999999998E-2	4.1191999999999999E-2	4.0847000000000001E-2	4.0501000000000002E-2	4.0154000000000002E-2	3.9803999999999999E-2	3.9449999999999999E-2	3.9092000000000002E-2	3.8727999999999999E-2	3.8357000000000002E-2	3.7978999999999999E-2	3.7592E-2	3.7197000000000001E-2	3.6795000000000001E-2	3.6388999999999998E-2	3.5978000000000003E-2	3.5564999999999999E-2	3.5150000000000001E-2	3.4734000000000001E-2	3.4319000000000002E-2	3.3904999999999998E-2	3.3494999999999997E-2	3.3089E-2	3.2688000000000002E-2	3.2294000000000003E-2	3.1906999999999998E-2	3.1528E-2	3.116E-2	3.0802E-2	3.0436999999999999E-2	3.0061999999999998E-2	2.9676999999999999E-2	2.9284000000000001E-2	2.8885000000000001E-2	2.8479000000000001E-2	2.8069E-2	2.7656E-2	2.724E-2	2.6824000000000001E-2	2.6408000000000001E-2	2.5994E-2	2.5582000000000001E-2	2.5174999999999999E-2	2.4773E-2	2.4376999999999999E-2	2.3989E-2	2.3611E-2	2.3241999999999999E-2	2.2884999999999999E-2	2.2540000000000001E-2	2.2210000000000001E-2	2.1894E-2	2.1595E-2	2.1312999999999999E-2	2.1049999999999999E-2	2.0808E-2	2.0586E-2	2.0386999999999999E-2	2.0211E-2	2.0060999999999999E-2	1.9935999999999999E-2	1.9838999999999999E-2	1.9771E-2	1.9732E-2	1.9732E-2	1.9732E-2	1.9739E-2	1.9755000000000002E-2	1.9776999999999999E-2	1.9806000000000001E-2	1.984E-2	1.9879999999999998E-2	1.9927E-2	1.9980000000000001E-2	2.0039000000000001E-2	2.0104E-2	2.0174999999999998E-2	2.0253E-2	2.0337000000000001E-2	2.0427000000000001E-2	2.0523E-2	2.0625999999999999E-2	2.0736000000000001E-2	2.0851999999999999E-2	2.0974E-2	2.1103E-2	2.1239000000000001E-2	2.1381000000000001E-2	2.1529E-2	2.1684999999999999E-2	2.1847999999999999E-2	2.2221999999999999E-2	2.2952E-2	2.3331999999999999E-2	2.3710999999999999E-2	2.4157000000000001E-2	2.4603E-2	2.5027000000000001E-2	2.5451999999999999E-2	2.5967E-2	2.6481000000000001E-2	2.7216000000000001E-2	2.7951E-2	2.8799999999999999E-2	2.9648999999999998E-2	3.0568999999999999E-2	3.1489000000000003E-2	3.2570000000000002E-2	3.3649999999999999E-2	3.4849999999999999E-2	3.6048999999999998E-2	3.7255000000000003E-2	3.8461000000000002E-2	3.9740999999999999E-2	4.1021000000000002E-2	4.2443000000000002E-2	4.3866000000000002E-2	4.5456000000000003E-2	4.7045999999999998E-2	4.8762E-2	5.0478000000000002E-2	5.2389999999999999E-2	5.4302999999999997E-2	5.6509999999999998E-2	5.8716999999999998E-2	6.1293E-2	6.3867999999999994E-2	6.6636000000000001E-2	6.9403999999999993E-2	7.2389999999999996E-2	7.5374999999999998E-2	7.8742000000000006E-2	8.2110000000000002E-2	8.5707000000000005E-2	8.9303999999999994E-2	9.3049000000000007E-2	9.6794000000000005E-2	0.10095999999999999	0.10512000000000001	0.10965999999999999	0.11421000000000001	0.11905	0.12389	0.12934000000000001	0.13478999999999999	0.14094999999999999	0.14710999999999999	0.15392	0.16073000000000001	0.16816999999999999	0.17562	0.18348999999999999	0.19136	0.19928000000000001	0.20719000000000001	0.21503	0.22287000000000001	0.23049	0.23812	0.24545	0.25278	0.2601	0.26741999999999999	0.27499000000000001	0.28255999999999998	0.29058	0.29859999999999998	0.30735000000000001	0.31609999999999999	0.32601000000000002	0.33590999999999999	0.34693000000000002	0.35794999999999999	0.37010999999999999	0.38227	0.39537	0.40848000000000001	0.4219	0.43530999999999997	0.44835000000000003	0.46139000000000002	0.47365000000000002	0.48592000000000002	0.497	0.50807999999999998	0.51761000000000001	0.52715000000000001	0.53512999999999999	0.54312000000000005	0.54954000000000003	0.55596000000000001	0.56100000000000005	0.56603999999999999	0.57006999999999997	0.57411000000000001	0.57770999999999995	0.58130999999999999	0.58492	0.58853	0.59289999999999998	0.59726999999999997	0.60265999999999997	0.60806000000000004	0.61451	0.62095999999999996	0.62831999999999999	0.63568999999999998	0.64402000000000004	0.65236000000000005	0.66130999999999995	0.67025999999999997	0.68001999999999996	0.68977999999999995	0.70067000000000002	0.71157000000000004	0.72404000000000002	0.73651999999999995	0.75095000000000001	0.76537999999999995	0.78178999999999998	0.79820999999999998	0.81628999999999996	0.83436999999999995	0.85362000000000005	0.87287999999999999	0.89254	0.91220000000000001	0.93147000000000002	0.95072999999999996	0.96908000000000005	0.98741999999999996	1.0048999999999999	1.0224	1.0388999999999999	1.0553999999999999	1.0713999999999999	1.0872999999999999	1.1025	1.1176999999999999	1.1327	1.1476	1.1620999999999999	1.1766000000000001	1.1907000000000001	1.2048000000000001	1.2186999999999999	1.2326999999999999	1.2468999999999999	1.2612000000000001	1.2759	1.2907	1.3064	1.3222	1.339	1.3559000000000001	1.3733	1.3908	1.4096	1.4282999999999999	1.4481999999999999	1.468	1.4881	1.5081	1.5283	1.5485	1.5682	1.5880000000000001	1.6063000000000001	1.6246	1.6409	1.6572	1.671	1.6847000000000001	1.6949000000000001	1.7052	1.7117	1.7181999999999999	1.7203999999999999	1.7225999999999999	1.7196	1.7165999999999999	1.7085999999999999	1.7004999999999999	1.6870000000000001	1.6734	1.6547000000000001	1.6359999999999999	1.6117999999999999	1.5874999999999999	1.5586	1.5298	1.4966999999999999	1.4637	1.4278	1.3919999999999999	1.3535999999999999	1.3151999999999999	1.2757000000000001	1.2362	1.1962999999999999	1.1565000000000001	1.1177999999999999	1.0790999999999999	1.0421	1.0052000000000001	0.97043000000000001	0.93569999999999998	0.90347	0.87122999999999995	0.84177999999999997	0.81233	0.78491999999999995	0.75751999999999997	0.73223000000000005	0.70694999999999997	0.68376000000000003	0.66057999999999995	0.63961000000000001	0.61863000000000001	0.59945000000000004	0.58026999999999995	0.56296999999999997	0.54566999999999999	0.53010999999999997	0.51454999999999995	0.50036000000000003	0.48615999999999998	0.47321999999999997	0.46027000000000001	0.44855	0.43683	0.42599999999999999	0.41517999999999999	0.40512999999999999	0.39507999999999999	0.38593	0.37676999999999999	0.36823	0.35969000000000001	0.35171999999999998	0.34373999999999999	0.33626	0.32878000000000002	0.32166	0.31455	0.30790000000000001	0.30125000000000002	0.29510999999999998	0.28897	0.28316999999999998	0.27737000000000001	0.27200999999999997	0.26665	0.26162000000000002	0.25657999999999997	0.25207000000000002	0.24754999999999999	0.24304999999999999	0.23855000000000001	0.23427999999999999	0.23	0.22594	0.22187999999999999	0.21812000000000001	0.21435999999999999	0.21052000000000001	0.20669000000000001	0.20319000000000001	0.19969999999999999	0.19642000000000001	0.19313	0.19015000000000001	0.18715999999999999	0.1842	0.18124000000000001	0.17854999999999999	0.17585999999999999	0.17343	0.17100000000000001	0.16855999999999999	0.16611999999999999	0.16367000000000001	0.16120999999999999	0.15911	0.15701999999999999	0.15497	0.15293000000000001	0.15092	0.14892	0.14727000000000001	0.14563000000000001	0.14416000000000001	0.14269000000000001	0.14097000000000001	0.13924	0.13744999999999999	0.13564999999999999	0.13420000000000001	0.13274	0.13138	0.13003000000000001	0.12866	0.12728999999999999	0.12631000000000001	0.12531999999999999	0.12452000000000001	0.12373000000000001	0.12262000000000001	0.12152	0.12043	0.11933000000000001	0.11840000000000001	0.11748	0.11642	0.11534999999999999	0.11437	0.11337999999999999	0.11249000000000001	0.11158999999999999	0.11067	0.10976	0.10884000000000001	0.10792	0.10706	0.10621	0.10539999999999999	0.1046	0.10382	0.10305	0.10234	0.10163	0.10100000000000001	0.10037	9.9749000000000004E-2	9.9126000000000006E-2	9.8449999999999996E-2	9.7775000000000001E-2	9.7248000000000001E-2	9.6722000000000002E-2	9.6143999999999993E-2	9.5565999999999998E-2	9.4944000000000001E-2	9.4323000000000004E-2	9.3700000000000006E-2	9.3076999999999993E-2	9.2549000000000006E-2	9.2021000000000006E-2	9.1448000000000002E-2	9.0874999999999997E-2	9.0357000000000007E-2	8.9838000000000001E-2	8.9275999999999994E-2	8.8715000000000002E-2	8.8220999999999994E-2	8.7725999999999998E-2	8.7189000000000003E-2	8.6652000000000007E-2	Collagen	900.63519039100402	910.33094812164495	915.87017633529194	920.37094301047705	925.56555072834101	931.45284947610503	940.80015333503695	950.494377715307	960.53245591617599	968.83938154868304	980.26207513416796	990.64784053156097	1010.37745974955	1020.7624584717601	1031.4955277280801	1047.76859187324	1065.7751086123101	1082.0497061078399	1096.5900843342699	1109.39777664196	1121.5123945821599	1129.47316636851	1139.5008944543799	1149.52632251469	1157.4713774597401	1167.82992588806	1171.9761052900501	1181.3122923588001	1186.5049833887001	1192.3915154612801	1199.3214924610199	1210.4125990288701	1220.11180679785	1232.5783286480901	1240.1986966521799	1250.9321492460999	1263.73830820342	1271.35215946843	1280.0056222846899	1286.93023255813	1294.5467671863	1300.43138257091	0.49501661129567998	0.46511627906976699	0.45847176079734098	0.45182724252491602	0.43189368770764103	0.408637873754152	0.39867109634551401	0.382059800664451	0.38538205980066398	0.39202657807308899	0.39534883720930197	0.38538205980066398	0.39534883720930197	0.39202657807308899	0.372093023255813	0.33887043189368699	0.282392026578072	0.235880398671096	0.21926910299003299	0.21926910299003299	0.22591362126245801	0.232558139534883	0.32558139534883601	0.43853820598006599	0.581395348837209	0.80730897009966796	0.87375415282391999	0.96013289036544802	0.95681063122923504	0.94019933554817203	0.88039867109634495	0.75747508305647804	0.69767441860465096	0.654485049833887	0.61129568106312204	0.58803986710963396	0.60132890365448499	0.61461794019933502	0.617940199335548	0.60465116279069697	0.59468438538205903	0.59468438538205903	Elastin	899.93674929721396	905.12944032711403	910.32174801942199	915.16943521594601	920.36365959621696	925.21173013033399	930.40442116023496	935.25134168157399	940.44479938665904	945.29210324559097	950.139407104523	955.33286480960896	960.17978533094799	965.37094301047705	970.21633018144598	975.40902121134604	980.25594173268496	985.10171224124701	990.29363659596197	995.139407104523	1000.33133145923	1005.17748530539	1010.36902632251	1015.21441349348	1020.06056733963	1025.25402504472	1030.10132890365	1035.29440327114	1040.1409404548899	1044.9893943265999	1050.52938921543	1055.0309225658	1060.2243802708899	1065.072450805	1070.2662918476799	1075.4597495527701	1079.96128290314	1085.15474060822	1090.00166112956	1095.1932021466901	1100.3847431638101	1105.23089700996	1110.07666751852	1115.2689752108299	1120.11551239458	1125.30590339892	1129.8039867109601	1134.99169435215	1140.17901865576	1145.02210580117	1149.86557628418	1155.0548172757401	1159.89713774597	1165.07756197291	1170.2572195246601	1174.7495527727999	1179.58918987988	1184.77804753386	1190.31420904676	1195.16687963199	1200.01878354203	1205.2183746486	1210.4183490927601	1214.92294914387	1219.77446971633	1224.9698441093699	1230.1640684896399	1235.35829286992	1240.2059800664399	1245.0536672629601	1249.9017377970799	1255.0951955021701	1259.94173268591	1265.13327370304	1270.32366470738	1274.8228980322001	1280.0148223869101	1284.8617429082501	1290.0548172757401	1294.9021211346701	1300.09557883976	0.54817275747508198	0.54485049833887	0.54485049833887	0.53156146179401897	0.51495016611295696	0.49833887043189301	0.49501661129567998	0.48837209302325502	0.47840531561461702	0.46843853820597903	0.45847176079734098	0.44850498338870398	0.44186046511627802	0.45182724252491602	0.45847176079734098	0.455149501661129	0.44850498338870398	0.45182724252491602	0.455149501661129	0.45847176079734098	0.46179401993355401	0.46179401993355401	0.46843853820597903	0.47508305647840499	0.47508305647840499	0.46511627906976699	0.455149501661129	0.44850498338870398	0.445182724252491	0.42524916943521501	0.41196013289036498	0.39867109634551401	0.38870431893687701	0.372093023255813	0.35880398671096297	0.34883720930232498	0.33554817275747501	0.32558139534883601	0.318936877076411	0.32558139534883601	0.33222591362126203	0.33222591362126203	0.33554817275747501	0.33554817275747501	0.33222591362126203	0.34883720930232498	0.36544850498338799	0.40531561461793902	0.44850498338870398	0.47508305647840499	0.49833887043189301	0.52491694352159401	0.55813953488372103	0.66112956810631196	0.77076411960132796	0.837209302325581	0.89368770764119498	0.92358803986710902	0.94352159468438501	0.88704318936877002	0.837209302325581	0.77408637873754105	0.70764119601328801	0.66777408637873703	0.62126245847175998	0.59468438538205903	0.57807308970099602	0.56146179401993301	0.54817275747508198	0.53488372093023195	0.51827242524916906	0.50830564784053101	0.50498338870431803	0.51162790697674299	0.52823920265780699	0.53488372093023195	0.53820598006644405	0.53156146179401897	0.52491694352159401	0.51495016611295696	0.50498338870431803	Wavelength [nm]

Absorption coefficient [cm-1]



Residual	900	903	906	909	912	915	918	921	924	927	930	933	936	939	942	945	948	951	954	957	960	963	966	969	972	975	978	981	984	987	990	993	996	999	1002	1005	1008	1011	1014	1017	1020	1023	1026	1029	1032	1035	1038	1041	1044	1047	1050	1053	1056	1059	1062	1065	1068	1071	1074	1077	1080	1083	1086	1089	1092	1095	1098	1101	1104	1107	1110	1113	1116	1119	1122	1125	1128	1131	1134	1137	1140	1143	1146	1149	1152	1155	1158	1161	1164	1167	1170	1173	1176	1179	1182	1185	1188	1191	1194	1197	1200	1203	1206	1209	1212	1215	1218	1221	1224	1227	1230	1233	1236	1239	1242	1245	1248	1251	1254	1257	1260	1263	1266	1269	1272	1275	1278	1281	1284	1287	1290	1293	1296	1299	1300	4.1381000000000057E-3	4.0005999999999931E-3	4.2877000000000054E-3	3.6300999999999972E-3	3.8750000000000034E-3	4.1780000000000012E-3	3.9290000000000019E-3	3.3759999999999901E-3	3.9330000000000059E-3	3.6520000000000025E-3	3.4869999999999901E-3	3.6459999999999965E-3	3.1720000000000081E-3	3.0590000000000062E-3	2.0600000000000063E-3	1.821000000000017E-3	1.919000000000004E-3	1.6730000000000078E-3	1.4969999999999983E-3	8.6500000000000465E-4	7.0299999999998142E-4	3.3199999999999896E-4	2.8500000000000747E-4	5.8300000000000018E-4	-4.0000000000012248E-5	1.1399999999997523E-4	2.0999999999998797E-4	8.5899999999999865E-4	1.2300000000001199E-4	4.8199999999998244E-4	1.0100000000001774E-4	1.1720000000000064E-3	1.0749999999999926E-3	1.6039999999999943E-3	7.2600000000000442E-4	1.3670000000000071E-3	1.1859999999999926E-3	1.5580000000000038E-3	1.4969999999999983E-3	1.4319999999999888E-3	1.804E-3	2.0659999999999845E-3	1.9660000000000233E-3	2.246999999999999E-3	2.2709999999999952E-3	2.463999999999994E-3	2.2069999999999868E-3	2.340999999999982E-3	2.1680000000000033E-3	2.4139999999999995E-3	2.257000000000009E-3	2.3089999999999916E-3	2.7379999999999904E-3	2.1229999999999999E-3	1.9829999999999987E-3	2.3463000000000095E-3	1.9223000000000018E-3	2.1414000000000016E-3	2.1235999999999894E-3	2.0262000000000058E-3	1.7912999999999957E-3	1.7411999999999983E-3	1.8394999999999939E-3	1.9040000000000029E-3	1.7930000000000029E-3	1.7100000000000032E-3	1.9060000000000049E-3	1.3989999999999975E-3	1.4339999999999908E-3	1.127000000000003E-3	1.0319999999999913E-3	1.3299999999999979E-3	1.1619999999999825E-3	1.2989999999999946E-3	1.4110000000000233E-3	1.6579999999999928E-3	1.1319999999999941E-3	1.0560000000000014E-3	9.5100000000000739E-4	-3.1500000000000972E-4	-3.3299999999999996E-4	-1.1180000000000079E-3	-4.529999999999812E-4	-2.6019999999999932E-3	-2.4150000000000005E-3	-1.880999999999966E-3	-2.0160000000000178E-3	-1.4780000000000348E-3	-1.2530000000000041E-3	-8.4600000000001341E-4	-5.7799999999996743E-4	-7.8000000000000291E-4	-1.0720000000000174E-3	-1.0760000000000214E-3	-1.6220000000000123E-3	-1.0570000000000301E-3	-5.0400000000000444E-4	-4.170000000000007E-4	-6.1800000000000743E-4	-5.3700000000000969E-4	-7.6700000000001767E-4	-4.950000000000232E-4	5.7499999999999218E-4	1.1240000000000139E-3	-7.8600000000000891E-4	-1.1119999999999464E-3	-1.0010000000000296E-3	2.3400000000001198E-4	-1.1249999999999871E-3	-1.0379999999999834E-3	-1.3930000000000331E-3	-1.3299999999999979E-3	-1.4979999999999993E-3	-1.8040000000000278E-3	-1.7030000000000101E-3	-1.986999999999961E-3	-2.1839999999999637E-3	-8.559999999999679E-4	-2.3130000000000095E-3	-1.7269999999999786E-3	-1.7550000000000066E-3	-1.6840000000000188E-3	-1.8900000000000028E-3	-1.1709999999999776E-3	-1.5299999999999758E-3	-1.2280000000000069E-3	-1.7419999999999658E-3	-1.4870000000000161E-3	-2.0629999999999815E-3	-1.8819999999999948E-3	-1.6760000000000108E-3	-2.5979999999999892E-3	-1.7330000000000401E-3	-2.9759999999999787E-3	-2.3969999999999825E-3	V=50%	900	903	906	909	912	915	918	921	924	927	930	933	936	939	942	945	948	951	954	957	960	963	966	969	972	975	978	981	984	987	990	993	996	999	1002	1005	1008	1011	1014	1017	1020	1023	1026	1029	1032	1035	1038	1041	1044	1047	1050	1053	1056	1059	1062	1065	1068	1071	1074	1077	1080	1083	1086	1089	1092	1095	1098	1101	1104	1107	1110	1113	1116	1119	1122	1125	1128	1131	1134	1137	1140	1143	1146	1149	1152	1155	1158	1161	1164	1167	1170	1173	1176	1179	1182	1185	1188	1191	1194	1197	1200	1203	1206	1209	1212	1215	1218	1221	1224	1227	1230	1233	1236	1239	1242	1245	1248	1251	1254	1257	1260	1263	1266	1269	1272	1275	1278	1281	1284	1287	1290	1293	1296	1299	1300	0.1008	0.10133499999999999	0.102464	0.10290199999999999	0.104092	0.105294	0.106267	0.107651	0.10950600000000001	0.111432	0.114381	0.11826299999999999	0.122741	0.12869700000000001	0.13586400000000001	0.14530100000000001	0.15603600000000001	0.167737	0.179706	0.19082399999999999	0.20111699999999999	0.20839099999999999	0.21337500000000001	0.21589	0.21591199999999999	0.21598899999999999	0.214863	0.21385699999999999	0.211315	0.20894299999999999	0.20588600000000001	0.20324300000000001	0.19985600000000001	0.19598099999999999	0.19189600000000001	0.18794	0.183226	0.178568	0.17386199999999999	0.16878699999999999	0.16414599999999999	0.15926199999999999	0.15429000000000001	0.14929600000000001	0.14415800000000001	0.139239	0.13414999999999999	0.12945699999999999	0.124844	0.120758	0.116609	0.112842	0.109816	0.10671600000000001	0.103925	0.102039	0.100025	9.8844100000000004E-2	9.8169099999999995E-2	9.7616400000000006E-2	9.7973699999999997E-2	9.8691799999999996E-2	9.9959099999999995E-2	0.10147200000000001	0.103577	0.105853	0.108351	0.110583	0.113396	0.115938	0.11901399999999999	0.122325	0.12576399999999999	0.130304	0.13564000000000001	0.143206	0.15399199999999999	0.16924400000000001	0.18964900000000001	0.21388099999999999	0.24245700000000001	0.27309699999999998	0.30380800000000002	0.330264	0.35198800000000002	0.36818800000000002	0.378245	0.38768999999999998	0.39563300000000001	0.40201399999999998	0.40726800000000002	0.41228300000000001	0.416238	0.42027100000000001	0.42272999999999999	0.42641499999999999	0.42980299999999999	0.43292999999999998	0.433425	0.433757	0.43428899999999998	0.433865	0.43308099999999999	0.431863	0.42881399999999997	0.42354000000000003	0.41815799999999997	0.412549	0.40537400000000001	0.39941100000000002	0.39325399999999999	0.38866699999999998	0.38417400000000002	0.38021899999999997	0.37756800000000001	0.37424000000000002	0.37103000000000003	0.36932100000000001	0.36629899999999999	0.36463600000000002	0.36271300000000001	0.36257200000000001	0.361813	0.362792	0.36347200000000002	0.36551899999999998	0.36762800000000001	0.37017099999999997	0.37280600000000003	0.37689499999999998	0.38089899999999999	0.38573299999999999	0.39149299999999998	0.396563	0.403976	d=60µm	900	903	906	909	912	915	918	921	924	927	930	933	936	939	942	945	948	951	954	957	960	963	966	969	972	975	978	981	984	987	990	993	996	999	1002	1005	1008	1011	1014	1017	1020	1023	1026	1029	1032	1035	1038	1041	1044	1047	1050	1053	1056	1059	1062	1065	1068	1071	1074	1077	1080	1083	1086	1089	1092	1095	1098	1101	1104	1107	1110	1113	1116	1119	1122	1125	1128	1131	1134	1137	1140	1143	1146	1149	1152	1155	1158	1161	1164	1167	1170	1173	1176	1179	1182	1185	1188	1191	1194	1197	1200	1203	1206	1209	1212	1215	1218	1221	1224	1227	1230	1233	1236	1239	1242	1245	1248	1251	1254	1257	1260	1263	1266	1269	1272	1275	1278	1281	1284	1287	1290	1293	1296	1299	1300	9.6661899999999995E-2	9.7334400000000001E-2	9.8176299999999994E-2	9.9271899999999996E-2	0.100217	0.101116	0.102338	0.10427500000000001	0.105573	0.10778	0.11089400000000001	0.114617	0.11956899999999999	0.125638	0.13380400000000001	0.14348	0.154117	0.16606399999999999	0.17820900000000001	0.18995899999999999	0.20041400000000001	0.20805899999999999	0.21309	0.215307	0.21595200000000001	0.21587500000000001	0.21465300000000001	0.21299799999999999	0.21119199999999999	0.20846100000000001	0.205785	0.202071	0.19878100000000001	0.19437699999999999	0.19117000000000001	0.18657299999999999	0.18204000000000001	0.17701	0.17236499999999999	0.167355	0.16234199999999999	0.157196	0.15232399999999999	0.14704900000000001	0.14188700000000001	0.13677500000000001	0.131943	0.12711600000000001	0.12267599999999999	0.118344	0.114352	0.11053300000000001	0.10707800000000001	0.10459300000000001	0.101942	9.9692699999999995E-2	9.8102700000000001E-2	9.6702700000000003E-2	9.6045500000000006E-2	9.55902E-2	9.6182400000000001E-2	9.6950599999999998E-2	9.8119600000000001E-2	9.9568000000000004E-2	0.101784	0.104143	0.106445	0.109184	0.11196200000000001	0.114811	0.117982	0.12099500000000001	0.124602	0.12900500000000001	0.13422899999999999	0.14154800000000001	0.15286	0.168188	0.188698	0.214196	0.24279000000000001	0.27421499999999999	0.304261	0.332866	0.35440300000000002	0.37006899999999998	0.38026100000000002	0.38916800000000001	0.39688600000000002	0.40286	0.40784599999999999	0.41306300000000001	0.41731000000000001	0.42134700000000003	0.42435200000000001	0.42747200000000002	0.430307	0.43334699999999998	0.43404300000000001	0.43429400000000001	0.435056	0.43436000000000002	0.432506	0.43073899999999998	0.42959999999999998	0.42465199999999997	0.419159	0.41231499999999999	0.406499	0.400449	0.39464700000000003	0.38999699999999998	0.38567200000000001	0.382023	0.37927100000000002	0.37622699999999998	0.37321399999999999	0.37017699999999998	0.368612	0.36636299999999999	0.36446800000000001	0.36425600000000002	0.363703	0.36396299999999998	0.36500199999999999	0.36674699999999999	0.36936999999999998	0.37165799999999999	0.37486900000000001	0.37877699999999997	0.382575	0.38833099999999998	0.39322600000000002	0.39953899999999998	0.40637299999999998	Wavelength [nm]

Absorbance [%]

Residual



6

image2.jpeg




image89.png




image90.png




image91.png




image92.png




image93.png




image94.png




image95.png




image96.png




image97.png




image98.png




image3.jpeg
x10°




image99.png




image4.jpeg




image5.jpeg




image6.jpeg




image7.jpeg




image8.jpeg




image9.jpeg




image10.jpeg




image11.jpeg
8





image12.jpeg




image13.jpeg




image14.jpeg




image15.jpeg




image16.jpeg




image17.jpeg




image18.jpeg




image19.jpeg




image20.jpeg
x10°





image21.jpeg




image22.jpeg




image23.jpeg




image24.jpeg




image25.jpeg




image26.jpeg




image27.jpeg




image28.jpeg




image29.jpeg




image30.jpeg




image31.jpeg




image32.jpeg




image33.jpeg




image34.jpeg




image35.jpeg




image36.jpeg
0’
o




image37.jpeg




image38.jpeg




image39.jpeg




image40.jpeg




image41.jpeg




image42.jpeg
x10*




image43.jpeg




image44.jpeg




image45.jpeg




image46.jpeg




image47.jpeg
x10°





image48.jpeg




image49.jpeg




image50.jpeg




image51.jpeg




image52.jpeg




image53.jpeg




image54.jpeg
a0




image55.jpeg
x10°





image56.jpeg




image57.png
Number of detected photons, a.u.

1x10*

810°

6x10°

4x10°

2x10°

T

293 mm

Average path length

'
'
'
: of detected photons
'
'

Number of detected photons, a.u.

&
%
=3

3x10°

210"

1x10* -

—— 659 nm
——532nm
——448 nm

10.75 mm
>

Average penetration depth
of detected photons

2 3 4 5 6 7 8
Photon path lenngth in skin, mm

05

10
Photon penetration depth, mm

15 20 25

3.0




image58.png
MC-estimated penewanion deps sad path leagth i skin of the remined photons

- -
o] e [, S [t | o
pon it





image59.png
Smartphone

D — diffuser
R — reflector
P — polarizers

S — loudspeaker Skin





image60.png




image61.png




image62.jpeg




image63.png




image64.png
Subject 1 - Prototype camera Subject 1 - Reference camera

15 15
3 3
€10 1 210
) )
° °
2 2
3 5 2 5t
€ € B
< < ﬂx
0 = 0
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Time, s Time, s
15 Subject 2 - Prototype camera 15 Subject 2 - Reference camera
3 3 '
2 10 . 1 [
) )
° - o
2 2
= =
€ €
< <
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Time, s Time, s
Subject 3 - Prototype camera Subject 3 - Reference camera

15 15

Amplitude, rel.u.

Amplitude, rel.u.

0 100 200 300 400 500 600 0 100 200 300 400 500 600
Time, s

Subject 4 - Reference camera

15 15
S S
210 210p
< <
=) =)
2 2
3 5 3 5
£ £ f
< <

0 : Ca N 3

0 100 200 300 400 500 600 0 100 200 300 400 500 600

Time, s

Subject 5 - Prototype camera

15

Amplitude, rel.u.
Amplitude, rel.u.





image65.png
Amplitude, rel.u. Amplitude, rel.u. Amplitude, rel.u.

Amplitude, rel.u.

Amplitude, rel.u.

Subject 6 - Prototype camera

o 3

3

0 100 200 300 400 500 600
Time, s

Subject 7 - Prototype camera

15

Time, s

Subject 9 - Prototype camera

15

0 100 200 300 400 500 600

Subject 6 - Reference camera

3

o

Amplitude, rel.u.

3

100 200 300 400 500 600
Time, s

Subject 7 - Reference camera

15

Amplitude, rel.u.

100 200 300 400 500 600

Amplitude, rel.u.

Amplitude, rel.u.

Amplitude, rel.u.

100 200 300 400 500 600




image66.jpeg




image67.jpeg




image68.png




image69.png
baseline 2 min 3 min 5 min 9 min Temp.C

— 360

221
ntensity, %

100

80





image70.png
H
g
O

Serum





image71.png




image72.png
12

10





image73.png
<. Hyperspectral data analyzer (ver. 09.11.2016)





image74.png




image75.jpeg




image76.jpeg




image77.png




image78.jpeg
o G

... ,mw..c».v:

3 6 & w
LS R
4...,.%... A
R F U TN
i /f. L. W.)A,
o e AR N

.u




image1.jpeg




image79.png




image80.png




image81.png




image82.png




image83.jpeg




image84.png




image85.png




image86.png




image87.jpeg




image88.png




