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Strategic Research �….
�“Science  to  Shape a Better World�”



Earth and Moon
photographed from

Mars

The cosmic perspective�…�…



ENVISAT

Space sees no borders! ESA



*
Environmental  Monitoring  - Biophotonics  



Differential Optical
Absorption Spectroscopy
DOAS

Opsis AB



Which flare is leaking ethylene?

Sandsten et al.

IR passive gas-correlation imaging



New techniques for sensitive gas measurements 
(long path absorption):

Gas Correlation 
LED spectroscopy
Appl. Phys. B94 (2009)

Temporal correlation 
multi-mode diode laser 
spectroscopy
Appl . Phys. Lett. 86 (2005)

Zero background
absorption spectroscopy
Opt. Expr. 16 (2009), Appl. Opt. (2011)
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Gas correlation
spectroscopy using

multi-mode 
diode lasers

Luo et al., Appl. Phys. B 2011



Diode laser difference frequency generation
Simultaneous monitoring of Oxygen, Water vapour and Methane

Gustafsson
et al.

Appl. Phys. B



Sum-frequency generation to 254 nm: Hg

Also:
SO2, NO2

H20
Alnis et al.

Appl. Phys. Lett.



LIDAR

Lund mobile Lidar system
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Atomic Mercury
Lidar Mapping and Flux

Measurement
Rosignano Solvay, Italy

HOR.

VERT.

Vertical sounding

DIAL atomic mercury monitoring 
Rosignanano, Italy

254 nm

Aerosol lidar



Stromboli Vulcano

Etna



Edner et al.



Lund Lidar at ZJU, Hangzhou

2010



Atomic Mercury Vertical Lidar Monitoring
Hangzhou, China



FLUORESCENCE   
LIDAR REMOTE FLUORESCENCE MONITORING
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Compact UV LED
Based Fluorosensor

S. Ek et al.
Spectrochim Acta A 

2007



Fluorescence monitoring of tea Fluorescence monitoring of water
50  meter  distance
Hangzhou, China
Mei Liang et al., 2012



Assessing tea quality
by fluorescence

spectroscopy



Finding out the Origin 
of Chinese Teas

Using Laser-Induced Fluorescence



LED-based, Non-contact Spectrometer
Reflectance – Fluorescence

Brydegaard et al., to appear



Reflectance and Fluorescence
Paprika Varieties

Jayaweera, Andersson, Brydegaard, 
Svanberg, to appear

400 450 500 550 600 650 700 750
0

0.2

0.4

0.6

0.8

1

1.2

1.4
Reflectance

Wavelength (nm)

 

 
W
Y
O
R
G

400 450 500 550 600 650 700 750
0

0.02

0.04

0.06

0.08

0.1

0.12
Fluorescence ex. at 395 nm

Wavelength (nm)

 

 
W
Y
O
R
G



LUND
CATHEDRAL

LIDAR IN CULTURAL 
HERITAGE MONITORING

Lund Cathedral
Sweden
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Rome Coliseum



Target

Mobile lidar system

Laser beam path

Nd:YAG

OMA

Beam expander

To roof-top 
scanning mirror

Receiving 
telescope

Remote
LIBS

Grönlund et al.
Opt. Lett. 2005



Calopteryx splendens

Lidar in
ecology



Damselfly
Fluorescence Lidar



Fluorescence lidar monitoring of Chinese agricultural pests
Pheromons  to replace pesticides?      Mei Liang et al., Appl. Phys. B (2011)



Passive spectral monitoring of insects/agricultural pests
Brydegaard et al. IEEE (2011)
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4-channel fluorescence lidar

Monitoring of Night-Migrating Birds

IR differential emission Sky and lunar
occultation 

spectroscopy

4-channel fluorescence lidar



GUANGZHOU







Guangzhou





Guizhou, China
Wanshan Mercury Mines

*



Mercury monitoring 
for archeology

Qin Shi Huang Tomb in Xi´an
2nd century BC 

First Emperor of China
Lakes and rivers of  Hg?



Combustion Diagnostics





Photodynamic
therapy



ALA PDT Treatment of Basal Cell Carcinoma



Challange: Deep-lying tumours
Fiber-based interstitial system

Light 
distribution 

module

Spectrometer

Computer 

Diagnostic 
light unit

Therapeutic 
light unit

Optical
fibres



Example of clinical applications - prostate cancer

Lund collaboration with SpectraCure AB,
Karolinska Hospital and Malmö University Hospital
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Raman
Spectroscopy

S. Pålsson et al.





SCATTERING MEDIA



Optical 
Mammography Berg et al.



Pharmaceutical tablet laser radar

White tablet
Small cumulus cloud! T. Svensson et al.



Large and small scale LIDAR



Lewander
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Blue sky spectrum.txt    JCR, Raw  Data
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GASMAS studies of gas exchange in wood 

Drying of wood 

Vasa Museum
Stockholm                        

Swedish Warships
Vasa 1628 



Food packaging

Lewander et al., Appl. Phys. B 2008;
Packaging Technology and Science 2011, in press

TetraPak
Collaboration

Gasporox AB



New techniques for optical pathlength assessment 
in connection with GASMAS: 

Frequency-Modulated Continuous-Wave 
(FMCW) technique
Opt. Express (2009); Optics Lett. 36 (2011)

Frequency Domain 
Photon Migration (FDPM) technique
Phase-shift method
L. Mei, to appear

Techniques are compatible with
single-mode operation!



Environment Medicine



Sinusitis diagnostic by
laser-spectroscopic

measurement of oxygen
and water vapour

Persson et al. J. Biomed. Optics (2007); Rhinology 2012



Neonatal child monitoring



Alignment free multipass cells 
made of nanoporous ceramics

750 times
physical thickness!

Zirconia, ZrO2

115 nm pores 

s = 7.2 mm  5.4 m!

T. Svensson et al., Phys. Rev. Lett. 107 (2011) Xu et al., Phys. Rev. A (2011)

Pore size distribution determination !





Rubidium high-resolution spectroscopy



Realistic optical diagnostics för 3rd world countries

MALI GHANA

LUND

Rev. Sci. Instr. (2011)



AFSIN Network

Cape Coast, Ghana



Multispectral microscopy malaria detection



Medical Multispectral Microscopy using LEDs
Brydegaard et al., American J. Phys. 2008

M. Brydegaard, A. Merdasa, J. Ålebring, S. Svanberg, RSI 2011
Transmission, Reflectance, Dark field, Fluorescence  - 42 images
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Application to
Malaria Detection

Plasmodium Falciparum
Collaboration with

J. Zueou, Cote d´Ivoire





Multispectral microscopy for Malaria diagnostics, and more...
CapeCoast, Ghana



Optical remote sensing
in Mali
Fluorescence

ReflectanceNiger River
Bamako, Mali 2011
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Bamako 
Mali





Nairobi,  
September 2012





Nairobi, KenyaNNAIROBI, KENYA 2012





Realistic instrumentation for active 
and passive remote sensing

First African remote Raman spectroscopy (120 m)

Brydegaard et al.  Nairobi September 2012
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Thank you for your attention !



Capri, ItalyHangzhou, China

Jiu Zhai Gou                ChinaSkäralid, Sweden



El Condor pasa .....
Andes,  Peru

Science mediates Freedom!



Science brings people together !



Let us take
care of each

other!

Let us shape 
a better 
world!

Friendship and Science can make it happen !




