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� Spectroscopy is the generalized study of chemical 
structures and dynamics of a sample by way of the 
absorption and fluorescence emission of 
electromagnetic radiation as a function of 
wavelength.

� Reflectance spectroscopy deals with absorption 
of samples.

� Fluorescence spectroscopy deals with emission
of samples. 

Background
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Reflection:

Specular: Diffuse (Scattering):

Fluorescence:

Phosphorescence

Background
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� Diffuse reflectance signal generally contains information 
about scattering and absorbing components of tissue. 
Therefore, analyzing changes of it can be used to non-
invasively probe the tissue microenvironment (provides an 
alternative to invasive biopsy).

� Typically, the measured signal 
represents light that has sampled a 
variety of depths, therefore being an 
average measure of the properties 
over a certain volume of tissue. 
Absorption can change with 
diseases.

� This is used by reflectance 
spectroscopy.

Background
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� Fluorescence is the emission of light by molecules that have 
absorbed light of shorter wavelength.

� The detection of fluorescence instead of weak absorption 
changes offers also some advantages such as that it is 
background free and extremely sensitive, so that even single 
biological molecules can be investigated.

� Fluorescence patterns might change with diseases as 
tissue molecules changes.

� This is used by fluorescence spectroscopy.

Background
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� ABSORPTION: Certain chromophores within molecules are 
able to absorb light. In the process of absorption, the incident 
light excites electrons in molecules to higher energy levels by 
converting the light’s energy into internal energy. The energy 
from the incident light is converted into heat as the electrons 
return to the ground energy level.

� The energy levels exists at discrete levels 
and can only be excited by photons with a 
frequency that corresponds to the difference 
between the initial and final energy levels. 
The structure of the molecule determines 
which frequencies will be absorbed.

Absorption and fluorescence
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� Tissue absorbers in the UV and VIS (chromophores):

The attenuation depends on the wavelength (energy levels) 
and this gives color to molecules…. White light spectrum

Observed light (reflection + 
scattering)  Green

Molecules do not absorb 
green

White incident light

Absorption and fluorescence
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� Tissue absorbers in the UV and VIS (chromophores)

Therapeutic window (600-1000nm): Low absorbance of hemoglobin and water 
(scattering predominates over absorption and light can penetrate).

Absorption and fluorescence
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� Tissue absorbers in the UV and VIS (chromophores). 
Chromophores determine the color of the skin and other 
tissues. 

Light is readily absorbed by tissue in the UV region; therefore it can only 
penetrate the first few layers.
Hemoglobin is the principal tissue absorber in the VIS and strongly absorbs blue 
light. Melanin and β-carotene are additional absorbers in the VIS.

Absorption and fluorescence
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� FLUORESCENCE:

Absorption and fluorescence
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� Fluorescence

• Stokes law: 

•Absorption µ (nm)

•Emission: λ > µ

•Radiance:

•Reflection βS(λ)

•Luminiscence βL(λ)

•Total βT(λ)

( ) ( ) ( )λβ+λβ=λβ LST

Absorption and fluorescence
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� Tissue fluorophores: chemical compounds that absorb light 
energy of a specific wavelength and re-emits light at a 
longer wavelengths (Native endogenous fluorescence).

Absorption and fluorescence
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There are some of components (molecules) that may change 
when a cancer lesion appears, thus varying the way in which 
tissue interacts with light. Also there are some fluorescent 
molecules only present in cancer cells but not in healthy ones. 

In this case, the use of reflectance and fluorescence 
spectroscopy might be very useful.

Nevus Melanoma

Absorption and fluorescence
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� A spectrometer is an apparatus able to measure and 
record the intensity per wavelength or frequency.

� Basic principle of a spectrometer:

Matrix of photodiodes:Scanning:

Reflectance spectroscopy
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� Typical point-probe setup:

White light source: xenon, 
tungsten or LED lamp.

Flexible optical fiber probe: to 
convey the excitation light to the 
tissue and collect the returned 
light.

Spectrograph (diffraction 
grating or prism): to disperse the 
collected light.

CCD linear camera or array of 
photodiodes: to measure the 
signal.

Reflectance spectroscopy
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� Typical point-probe setup:

� 1 spectrograph needed:

- White light incidence

- Monochromatic detection

White light
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Where: 
Io(λ) is the incident light intensity.
B(λ) is the background spectrum.

Reflectance spectroscopy
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Io(λ) is usually measured using a reference white sample with known 

scattering and absorbing properties. It is often a tile of barium 
sulphate (BaSO4) or a plastic tile of polytetrafluoroethylene (PTFE), 
which both have a reflectivity of almost 100% throughout the visible 
light range.

To compensate for the system, e.g. 
the detector, but also for stray light
that may contaminate the signal, the 
background spectrum B(λ) is

recorded in absence of the light 
source.

� Typical point-probe setup:

� 1 spectrograph needed: ( ) ( ) ( )
( ) ( )λλ
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Reflectance spectroscopy
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� Typical skin reflectance curves R(λ):

� The absorbance A (λ) which gives the absorbing 
characteristics of the sample, can thereby be calculated 
as:

Reflectance spectroscopy
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Reflectance spectroscopy
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� Fiber-optic probes.

Reflectance spectroscopy
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� To minimize the specularly reflected light (coming from 
the first surface of the skin) some different strategies 
might be used:

- Use of angled delivery and/or collection fibers

Reflectance spectroscopy
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� To minimize the specularly reflected light (coming from 
the first surface of the skin) some different strategies 
might be used:

- Use of polarized light (2 polarizers)

Parallel polarizers Crossed polarizers

Reflectance spectroscopy
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Used in ultrasound, confocal microscopy or dermoscopy.

� To minimize the specularly reflected light (coming from the 
first surface of the skin) some different strategies might be 
used:

- Use of a gel: Using a gel makes the refractive 
indexes more similar and this decreases the first
surface reflectivity. 

Reflectance spectroscopy
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� To minimize the specularly reflected light (coming from 
the first surface of the skin) some different strategies 
might be used:

- Use of an integrating sphere (Diffuse illumination 
of the sample – NOT directional)

Reflectance spectroscopy
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� Reflectance spectroscopy can complement results from 
biopsy followed by histopathological assessment.

Reflectance spectra of adipose (left) and malignant (right) breast tissues from 
illumination-detection fibers (r = fiber radius; Rt = total reflectance).

Reflectance spectroscopy
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� Analysis of: breast cancer (excised breast surgical 
specimens)

Reflectance spectroscopy
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� Analysis of: skin lesions (cancer) Optical density = A

Reflectance spectroscopy
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� Typical point-probe setup:

� 2 spectrographs needed!!!

- Monochromatic incidence (laser, LEDs, broadband lamps 
with filtering) 

- Monochromatic detection

( )
( ) ( )∑=

µ
µλβλβ
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Fluorescence spectroscopy
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� Typical point-probe setup:

Fluorescence spectroscopy
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� Typical illumination in fluorescence measurements: 
330–420 nm (UV-Blue light) as the excitation spectra of 
most of the endogenous fluorophores, such as 
structural proteins, co-enzymes, vitamins, endogenous 
porphyrins are situated in this spectral range. 

Fluorescence spectroscopy
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� For biomedical applications there are two general 
methods to characterize tissue by means of fluorescence:

- Using inherent, or endogenous, autofluorescence (AF)

- Using exogenous fluorescence markers (injected drugs
or creams)

� AF spectroscopy is an attractive tool for early diagnosis of 
skin cancer due to its high sensitivity, easy-to-use 
methodology, lack of need for contrast agents’ application 
on the tissue under investigation, possibilities for real-time 
measurements, and non-invasive tumor detection.

Fluorescence spectroscopy
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365nm: There is a strong decrease of the fluorescence intensity in the whole spectral 
region, related to the lesions’ pigmentation, but only slight spectral shape changes are 
observed, which could correspond to the lesion type and stage of development. 
Combined AF and diffuse reflectance measurements of skin lesions in order to increase 
the diagnostic value can be done. 405nm: SCC and KA are more fluorescent.

� Skin lesions: at different excitation wavelengths. 

Fluorescence spectroscopy

34

� Breast cancer

Fluorescence spectroscopy
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� The point-probe-based devices earlier described provide 
integrated information about a small area of tissue.

� To evaluate a large and non-uniform area image sensors are 
required.

The solution: Spectral Imaging 

Systems

Imaging spectroscopy
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Color Imaging

Multispectral Imaging

� What is a spectral imaging system? an imaging system 
with more than 3 acquisition channels

Imaging spectroscopy
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� Imaging also offers a distinct advantage over probe systems 
in that measurements can be performed in a noncontact 
manner, thus eliminating errors introduced into the 
reflectance measurements due to variations in probe 
pressure and angle during contact.

� It can be used in a great variety of biomedical applications: 
skin analysis, retinal imaging, AF imaging… 

Imaging spectroscopy

38

� Spectral or hyperspectral cube:

Imaging spectroscopy
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� Sensors used in spectral imaging systems

Imaging spectroscopy
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• Digital cameras in the VISIBLE: 

Spectral sensitivity of silicon (400-1000nm)

� Sensors used in spectral imaging systems

Imaging spectroscopy
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• Digital cameras in the near infrared: InGaAs (Indium Gallium
Arsenide)detector

- Spectral sensitivity (NIR 900-1700 nm)

- Low spatial resolution (typically 320x256 or 640x512  pixels)

� Sensors used in spectral imaging systems

Imaging spectroscopy
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• Digital cameras in the short-mid-long wave infrared: MCT 
detector (Mercury Cadmium Telluride detector)

- Spectral sensitivity (SWIR 1000-2500 nm, MWIR  3-5 mm, 
LWIR 8-12.4 mm)

- Low spatial resolution (typically 320x256 pixels)

� Sensors used in spectral imaging systems

Imaging spectroscopy
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� Spectral sampling: 
Obtaining information in all 
three dimensions of a 
hypercube simultaneously is 
currently not feasible; 
instruments can only capture 
two dimensions at a time. 
Temporal scanning is needed 
to create a three-dimensional 
hypercube by stacking the 
two-dimensional data in 
sequence.

Imaging spectroscopy
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� Spectral sampling:

• Two variants:

- Passive systems: Filters in the optical path

Point scanning (or whiskbroom) system

Area scanning system 

Line scanning (or pushbroom) system

- Active systems: Filters in the light path

Multiplexed imaging system

Imaging spectroscopy
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•Passive systems:

- Point scanning (or whiskbroom) system

- Line scanning (or pushbroom) system

- Area scanning system 

� Spectral sampling:

Imaging spectroscopy
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• Point scanning (or whiskbroom): 

A complete spectrum is acquired at 
a single point. Light originating from 
this point enters the objective lens 
and is separated into different 
wavelengths by a spectrometer and 
detected by a linear array detector. 
Once spectral acquisition is 
completed, the spectrum of another 
point can be recorded. 

Scanning has to be performed in 
both spatial directions to complete 
the hypercube.

� Spectral sampling: Passive systems

Imaging spectroscopy
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• Point scanning (or whiskbroom): 

� Spectral sampling: Passive systems

Imaging spectroscopy
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• Area scanning system: 

An area scanning system also 
acquires a two-dimensional data
matrix but in this case the data 
represent a more conventional
image with two spatial axes. A 
complete hypercube is obtained
by collecting a sequence of these 
images for one wavelength
band at a time. The wavelength of 
incoming light in this
configuration is typically modulated 
using a tunable filter or a filter 
wheel.

� Spectral sampling: Passive systems

Imaging spectroscopy
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• Area scanning system: Filter wheels…
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� Spectral sampling: Passive systems

Imaging spectroscopy
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CD6-UPC (Terrassa)

• Area scanning system: Filter wheels…

� Spectral sampling: Passive systems

Imaging spectroscopy
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• Area scanning system: or LCTF (Liquid Crystal 
Tunable Filter)

� Spectral sampling: Passive systems

Imaging spectroscopy
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Osaka Electro-communication

Unversity (Japan) CD6-UPC (Terrassa)

• Area scanning system: or LCTF (Liquid Crystal
Tunable Filter)

� Spectral sampling: Passive systems

Imaging spectroscopy
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• Line scanning system (or pushbroom):

� Spectral sampling: Passive systems

The spectra of all pixels contained in one 
image line are acquired simultaneously. The 
light is dispersed onto a two dimensional 
array detector. This way, a two dimensional 
data matrix with the spectral dimension and 
one spatial dimension is acquired. The 
second spatial dimension of the hypercube 
is achieved by scanning across the 
specimen surface in a direction 
perpendicular to the imaging line. This 
means that relative movement between the 
object and detector is necessary.

Imaging spectroscopy
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• Line scanning system (or pushbroom):

� Spectral sampling: Passive systems

Imaging spectroscopy
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• Line scanning system (or pushbroom):

� Spectral sampling: Passive systems

Imaging spectroscopy
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• Line scanning system (or pushbroom):

� Spectral sampling: Passive systems

Imaging spectroscopy
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• Line scanning system (or pushbroom):

� Spectral sampling: Passive systems

Imaging spectroscopy
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CD6-UPC (Terrassa)

• Line scanning system (or pushbroom):

� Spectral sampling: Passive systems

Imaging spectroscopy
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Scene Spatial axis

λ

Image

Scanning of the scene

• Line scanning system (or pushbroom):

� Spectral sampling: Passive systems

Imaging spectroscopy
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- Multiplexed imaging system (Multiplexed illumination)

� Configurations based on light-emitting diodes (LEDs)

� Spectral sampling: Active systems

Imaging spectroscopy
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- Multiplexed imaging system (Multiplexed illumination)

� Configurations based on light-emitting diodes (LEDs)

� Spectral sampling: Active systems

Imaging spectroscopy
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- Multiplexed imaging system (Multiplexed illumination)

� Spectral sampling: Active systems

CD6-UPC (Terrassa)

Imaging spectroscopy
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Pladellorens et al. Skin Res Appl 2008

Skin characterization: Spectral imaging systems 
have been developed to analyze color of skin.

CD6-UPC

Imaging spectroscopy: Biomedical Applications
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There are specific commercial systems to characterize skin.

VivacamTM

Digital dermoscopy
Conventional RGB camera

Imaging spectroscopy: Biomedical Applications
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Visia®

Color RGB (White light source) and 
fluorescence imaging (UV).

Polarized and unpolarized light.

There are specific commercial systems to characterize skin.

Imaging spectroscopy: Biomedical Applications
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Standard RGB Parallel polarization Crossed polarization UV

Visia®

There are specific commercial systems to characterize skin.

Imaging spectroscopy: Biomedical Applications
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Diavele et al. 2012

Skin characterization: Spectral imaging systems 
with LCTF filters have been developed to improve 
diagnosis of skin cancer.

Imaging spectroscopy: Biomedical Applications
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Janis Spigulis (University of Latvia) 

Skin characterization: and also with LEDs

RGBUV IR

White

Imaging spectroscopy: Biomedical Applications
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Skin characterization: They are use to compute skin 
chromophore maps. Janis Spigulis (University of Latvia) 

Imaging spectroscopy: Biomedical Applications
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Skin characterization: And also to discriminate 
between malign and benign skin lesions. A lot of research 
on this is currently carried out.

Janis Spigulis (University of Latvia) 

Imaging spectroscopy: Biomedical Applications
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There are specific commercial systems to aid in the 

diagnostic of skin cancer.

• SIAscope: 4 LEDS: blue, green, red and infrared 

Imaging spectroscopy: Biomedical Applications
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There are specific commercial systems to aid in the 

diagnostic of skin cancer.

• SIAscope:

http://www.youtube.com/watch?v=63oMKKs0hUA

Imaging spectroscopy: Biomedical Applications
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MelaFind® (US):
– Source: 10 different LEDS, 60 total

– 24 LEDS � 430nm, 4LEDS � 470,500

550, 600, 660, 700, 770, 880, 950nm

There are specific commercial systems to aid in the 

diagnostic of skin cancer.

Imaging spectroscopy: Biomedical Applications
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http://www.youtube.com/watch?v=KeFXrhomwvc

MelaFind® (US):

There are specific commercial systems to aid in the 

diagnostic of skin cancer.

Imaging spectroscopy: Biomedical Applications
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• Lesion segmentation
• Feature extraction
• Lesion classification based upon degree of 3D morphological 
disorganization providing an output of “High Disorganization” or “Low 
Disorganization”.

•Proprietary Database of Pigmented Skin Lesions. The database includes in 
vivo multi-spectral data and corresponding histological results of over 10,000 
biopsied lesions from over 7,000 patients at 40 clinical study sites.

MelaFind® :

Imaging spectroscopy: Biomedical Applications
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� However…

� No universal system for reflectance and fluorescence detection of skin 
cancer have appeared on the market. The problems are related to the 
variety of benign and malignant forms of skin pathologies. BCC (Basal cell 
carcinoma) lesions have more than 15 subtypes, SCC (squamous cell
carcinoma) lesions have about ten different subtypes, etc. They differ by 
morphology, appearance, and metabolic statement, including by their 
reflectance and AF properties, on the different stages on the lesion growth.

� This leads to low to moderate sensitivity (measures 
the proportion of actual positives which are correctly 
identified) and specificity (measures the proportion 
of negatives which are correctly identified as such) 
of instruments. A perfect predictor would be 
described as 100% sensitive (i.e. predicting all 
malignant lesions from as malignant) and 100% 
specific (i.e. not predicting any benign lesion as 
malignant)

Imaging spectroscopy: Biomedical Applications
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http://diagnoptics.eu/

Therefore many efforts are still being done to aid in the 

diagnostic of skin cancer.

CD6-UPC

Imaging spectroscopy: Biomedical Applications
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Primary goal: to improve the diagnosis of melanoma

Imaging spectroscopy: Biomedical Applications
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• Dermoscopy

Benign
Nevus

Malignant
Melanoma

??? ??? ???

Imaging spectroscopy: Biomedical Applications
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• Spain

• France • Italy • Germany

Imaging spectroscopy: Biomedical Applications
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European Project DIAGNOPTICS “Diagnosis of skin cancer using 
optics” (ICT PSP seventh call for proposals 2013) 

Imaging spectroscopy: Biomedical Applications
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Multispectral imaging (CD6, Barcelona)

Camera:
Monochrome 
12 bits 

Objetive:
Field of view: 15x20 mm LEDs ring

32 LEDs (400 – 1000 nm) 

Polarizers:
3 positions (0º, 45º, 90º)

Imaging spectroscopy: Biomedical Applications
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Polarizer rotation (0º - 90º)

http://diagnoptics.eu/
Multiespectral imaging (CD6, Barcelona)

Calibration plate
(known reflectance)

Imaging spectroscopy: Biomedical Applications
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Polarizer and LED ring

http://diagnoptics.eu/

Multispectral head:

LEDs ring:

0,0

0,2

0,4

0,6

0,8

1,0

1,2

380 480 580 680 780 880 980

Spectral emission of the LEDs

420 448 480 524

660 692 881 986

Imaging spectroscopy: Biomedical Applications
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Comparison 0º/90º : 

540nm

720nm

970nm

410nm

http://diagnoptics.eu/

Multispectral head:

Imaging spectroscopy: Biomedical Applications
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http://diagnoptics.eu/

Multispectral head:

400 nm                                                      1000 nm

90º
(crossed)

45º

0º
(parallel)
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Retinal imaging: LCTF adapted to a conventional fundus 
camera (University do Minho). Enhanced contrast can be 
achieved due to different spectral characteristics of retinal 
compounds.

Imaging spectroscopy: Biomedical Applications
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Retinal imaging: Everdell et al. Spectral imaging of the ocular 
fundus using light emitting diode illumination.

Imaging spectroscopy: Biomedical Applications
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Retinal imaging: Spectral imaging of the retina enables non--
invasive mapping of retinal chemicals; such as oxy- and deoxy--
hemoglobin; that are of great interest in understanding eye metabolic 
processes and for the detection and screening for retinal disease.

Oxygenation map

300 590 940

oxihemoglobin

melanin

805

deoxyhemoglobin

660

Imaging spectroscopy: Biomedical Applications
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Retinal imaging: It also allows assessing the macular 
pigment

Imaging spectroscopy: Biomedical Applications
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Retinal imaging: Spatial distribution of the macular 
pigment.

New tool for the diagnosis of the Age-related macular 
degeneration (AMD), which is a medical condition which usually affects 
older adults and results in a loss of vision in the center of the visual field 
(the macula).

Imaging spectroscopy: Biomedical Applications
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93Photonic Devices

Thank you!!!!

jaume.pujol@upc.edu


