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Reduction of beam divergence by 
beam expander 

 
 
 
 
 
 
 
 
 

 
 

 
Detector 
 PMT gating for sunlight suppression, 

high amplification & ranging 
 Tunable filters (only low spectral 

resolution needed) 
 

Designed sensor 
 
 
 
 

 

Requirements & challenges 
 
 
 
 
 
 
 
 
 
 
Losses for standoff distance 
 
 
 
 
 
 
 
 
 
 
 
 
Conclusion 

Motivation 
 Protection of first responders & public 
 Fast diagnosis and information for first 

resonders to incidents 
 
 
 
 
 
 
 

 
 

 
Eye-safety & atmospheric 
transmission 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Signal balance 
 
 
 
 
 
 
 
 
Further info on 
https://www.dlr.de/tp/en/ 

Considerations for the design of an eye-safe 

standoff Raman sensor 
Frank Duschek, Christoph Kölbl, Arne Walter, Anja 

Köhntopp, Emanuela Gallo 
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Transmission for molecular oxygen

Transmission for ozone

Raman cross-section

Derived signal

Threshhold for eye-safe operation
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Gasleitung 

Brandherd mit Gasaustritt 

Portables Gasdetektionsgerät 

Evacuated area: 

50 m 

Container with 

leaking liquids 

First responders with 

detection system 

Requirements & 
challenges to 

standoff Raman 

Optical filters, 
detectors 

Standoff distance 

Excitation  
wavelength 

Sensitivity Interfering  
substances 

Eye-safety 

SWAP 

exc 532 nm 355 nm 

Rayleigh 

(1/4) 

1 3 

PMT 1 7x103 -

4x106 

MPE factor 1 300 
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λ = 395nm  

M² = 1.2 

4x Telescope 
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Raman detection at 50 m 

distance theoretically possible 

and offers best opportunities 

within a limited number of liqid 

or solid samples 


