Detecting Laser Beams Underwater

Midshipman 1/C Collins and 1/C Stabler

Professor Svetlana Avramov-Zamurovic, Systems Engineering

Motivation Resu Its PROPAGATION Relative Mean Intensity and Scintillation Index
> Laser Communication Systems SCATTERING Mean Relative Intensity Comparison of More and Less Coherent Beam | e
- Line of site communication between two entities | s ’ H‘ '
| i idirecti icati 2 2 oo e £ ol Wb WU T AR N AR §oxl | 1
« Unlike radio and other types of omnidirectional forms of communication, laser — Loss ConerontGain il [:.']’,u i | I S‘L\ ' “ W) .‘.’. ‘f‘ \{ I ” W ’W ri ) *, .,,IIA : #‘% W 'k | ( :
. . . . . “00 = NMore Coherent Calm < o | ' ‘ "_. “ Al : ' , A f
communications are unable to be intercepted unless they are intercepted directly Bt ‘ R T ; ; m M“‘ \{
through the line of site . i il fad
« To further increase the security of the communications, it is important that the z
friendly beam be as hard to detect as possible by the enemy and vice verse £ : :
E —_— Cross Section Beam Width (m) Cross Section Beam Width {m)
> UNDERWATER LASER APPLICATIONS A e
> US Naval Underwater Applications 3. | B ™
' 100 |~ - § :
§ o« é,., “v“‘h'\f‘. NN AV '-,_m_‘)..\_:\‘..“ > _4*.\'.-'_"“',;‘__.»,‘"L{“"-"-'._“r"‘"‘.’\,"".‘v :-,,.__,\.“ 'V‘~.'-& N s . A
< , | | 3 ' v
0 ) l l ) l l | l : ,(’,.,.\",',"Ja'-"vl.g'| W J | : < L ‘ N ' ‘ o | ‘I‘ L | ha 2 ol i.' ,
D 1 ) 3 Heigh (om) 5 5 ? 8 § At “‘.l,y A lﬁ(-.":'--*‘-'-"“"\ My e d‘ PR e VA M" o : . ”L" f-d.-‘»ﬁ’l;i'}ic?!réwr*}-‘.‘fﬁ’k‘3’&)"}""‘f’"l:)"*-J-\“‘kﬁM*"*M!‘a‘*‘..’#‘&"¢'¢;ﬁ4""7:¥-}’§.“"'“-"w“"""v"" s L 4
SCATTERING Mean Relative Intensity Comparison of Expanded and Unexpanded Beam e | ' |
Cro'u Section Bca‘m‘ Width (m) »” Cro:t Section Bu‘;n. Width (m)
1, Analysis
E '-l More Coherent and Unexpanded Beam Direct and Side View Unexpanded Beam and More Coherent Turbulent and
% 6000 '. Turbulent Relative Intensities Calm Scintillation Indices
> German Naval Experimentation £ :
* In German Navy, integrating laser communication technologies :Data sent via a
laser beam through a medium of water characterized as coastal water. 00|
mEmESS=SZ=SS S =_:—:_-_:-‘=-_E —————————————————————————— 1\_":‘-.1‘---.-_- - -'__-:r'__—-—-—-----—“-'_-'-—"'—l-—'-—'--"'—l'
« Main challenge was overcoming the environmental conditions in the type of water | | | | | | | |
? [ - v = 2 3 4 5 BHeight[cm] 7 8 9 10
Instrumentation e
- : - > . . . . . . . . . .
(L:apttolou' vnsn assr | Observing both scintillation index and relative intensity are effective methods of detection
> EXPERIMENTING WITH DETECTING LASER BEAM PROPAGATING IN WATER hiom ) Selits ) - The medium surrounding a beam will have a higher relative scintillation index than the beam
& (N ' -
L . . ! ropagation path
» Objective :To observe scattering from a laser beam propagating through water = . M Beam propag P
. . - b A . . - . . . .
using four different sources under calm and turbulent water conditions Expander Mirror 2 » An unexpanded beam will have a lower change in scintillation index than a coherently
. Laser sources used formed beam due to the greater spreading of the beam in the surrounding medium.
> Wavelength 632.8 nm, Power 2 m\W - ‘ o - gfztx'aew " B « In the beam path, the unexpanded beam has a higher change in scintillation index.
o Unexpanded beam diameter = 0.63 mm " iGrord - SANIAEE | | > Leaving a beam unchanged increases chances of detection underwater.
o Expanded beam diameter = 6.3 mm ‘ |  On average, the unexpanded beam has a higher scintillation index value in the medium
' surrounding the beam when compared to the coherently formed beam, allowing easier
o Less Coherent Beam as produced by Spatial Light Modulation s ( SLM Module detection by sensing change in light intensity.
o More Coherent Beam as produced by Spatial Light Modulation / }  On average, the unexpanded beam scatters in the underwater medium more than the
> SLM- Spatial Light Modulation 1 Iris coherently formed beam, allowing easier detection by sensing light intensity.
. Characterized by creating multiple Gaussian Beams that constructively interfere in Sk Inteacs > More coherence correlates with lower scintillation values and better intensity transmittance when
order to create a relative “flat top” beam. This number of Gaussian beams can be observing the beam off the propagation path
changed to fit the needs of the experiment. As the number of Gaussian beams * This is not the case for direct path observations, however. When observing the beam
Increases, the finer of a flat top the beam possesses directly, we found that the coherent beams had higher scintillation values than the Gaussian
epmaeasean SCATTERING Scintillation_AIong Propagation Path  .....ccsen and expanded Gaussian beams.
B Bef P ti e o == 73 > Higher turbulence correlates with higher scattering and scintillation values
eams Before Propagation b et =3 .
p g : .|l|_.' r.'I." .‘I‘.".r" '_.‘. v .fltl"' |'-4\‘" J sk . Th I t II b t t d d
LAl M i ~:~‘,.,‘ I ORI A L e Is applies to all beam types studied.
§ ,,,;. U : ' - |’|I‘| v!.l -II" M I '“|“‘-Ili t 1 § Y 2l n_'«.‘l', 1l . . . . .
T T T T~ T :'iv."",' N TTTRLL [ Y, -~.'.. . : | e VA « Comparing coherent beams, more coherence corresponds to higher intensity transmittance,
atial Li odulator Screen wi oherence Level o & oo A Wk Ay I\, ‘.‘h l{‘ ! -'“l-. ."' , Boaf L ¥ Aot aus 1. ‘"’_.."|‘“~| ¥ ol ' M) . .
N \ N 1. 81 TV g b I 3 leltam ool ot AL e suggesting less scattering occurs.
’I. ‘.'.' ,'.s.-'.‘__.' \ z_""lw;v..;‘l,"-l‘# 1"I" :\-_, ..‘I'l-,‘ .JJ’~ \y.'_.‘,' " Wl U\ vy V - . . . - .
\ | ‘ R « Comparing Gaussian beams, expansion of the beam corresponds to higher intensity
| | | e | | et transmittance, suggesting less scattering occurs.
§ 4 Spatial Light Modulator Simulated Beam for Coherence Level of 30 Unexpanded : ' . " Gross Section Height {om) ‘ ) . ‘ i : A‘ Cross s«noi- Height (om) : ; ; )
500 [ ] Lass Coherent Beam More Coherent Beam
3 450 10.012 b‘{.:,: ~<oraey n-'-—' -~
400 o W o
10.01 e b I A ol - ic-
2 - A RN N, o Professor Avramov-Zamurovic-Weapons and System Department
N lz‘ (! -".l ' ' ', ] ’\\ || x\‘\“' ‘\", )
300 ! 0.008 ; ’ ! i l : .J- 'n ﬂ‘ . [" | l:f,"' kLA ‘a.. o 5’;},'-:}31.' S ACknOWIEdgements Norm Tyson and Nick Eagle-Technical Support Division
250 o 5 '. ‘ HV I 'x‘;nﬂl ' “.( I |'('.~..\|'c...' O ‘.“l*-,, ;
o0 | ' ,' :“l\*-\“ N\._&"/'I / e A T '\Jw 1\»,, ' t ol https://www.sea-technology.com/features/2011/0511/laser_communication.php
50 0.002 D VY WA AANCRY »o N o e R efe rences http://newlaunches.com/archives/navy scientists develop underwater laser communication _technology.php
. ' ‘ A | | | | | e http://www.saphotonics.com/wp-content/uploads/2012/08/Neptune-Datasheet. pdf
100 200 300 400 500 ' - ' ¢ ’ ' n 2 ‘ : :



http://www.popsci.com/navy-is-going-to-test-big-laser-soon
http://www.popsci.com/navy-is-going-to-test-big-laser-soon
http://www.popsci.com/navy-is-going-to-test-big-laser-soon

