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BOJ/IOKOHHDIE NIA3EPDI

C HU3KUM YPOBHEM LWIYMA
AN ONTUYECKUX CEHCOPHbIX
CUCTEM

C.Jlogepun, NKT Photonics ,sl@nktphotonics.com

OfHOYaCTOTHbIE BOJIOKOHHbIE s1a3epbl cepumn
Koheras c ypoBHeM BbIXOAHOW MOLLHOCTU OT 10 MBT
po 15 BT, usnyyarouwme B ananasoHe ot 140 1,5 MKm
OJIVIH BOJIH, YA,0BJIETBOPSIIOT KPUTEPUSIM MHOTUX
CEHCOPHbIX CMCTeM. B 06Hapy>XeHUn BUXpeBbIX
cnepoB camMosieTa, oxpaHe Tpy60npoBoAoB,
TPAHCNOPTUPOBKeE XXUAKOCTEN U rasoB, BeTPOBOM
aHeMoMeTpuu, — Besfe BoCTpeboBaHbl UX
6ecnpeuefeHTHbIe XapaKTEepUCTUKU: y3Kas INHUS
M3Jly4eHUs, HU3KUN YPOBEHb LHYMa, KOMMNAKTHOCTb
N HA[,eXXHOCTb.

arckasg KommaHusg NKT Photonics ¢ 1997 roma
3aHHMMaeTCs I[IPOM3BOACTBOM MaJIOLIyMSIIIUX
OZLHOYACTOTThIX BOJIOKOHHBIX JIa3€pPOB [JIs 710~
6ayNbHBIX KCC/Ie[0BATeNbCKUX J1abOpaTOpUi, HHTe-
IrpaTOpPOB OINTHYECKHX CHUCTeM 30HIHPOBAHMS IS
KOCMHYECKOM U OOOPOHHOM IIPOMBIIIJIEHHOCTH.
CerogHsi HaubosbIIasi AOJISI BOJIOKOHHBIX JIa3€poOB
HCIIONb3YeTCsl B MHTepepeHIIMOHHBIX ONTHYeCKHX
CUCTeMax 30HAHPOBAHUS /1 NoOpIYM HepTH U rasa,
KOHTPOJISI LIeJIOCTHOCTH TpybOIpoBoIa, OXPaHBEI
IlepHMeTpa U OIlpefie/ieHU s CKOPOCTH BeTpa. HU3KUM
dazoBeiri mym (puc.l) u cTabunbHOCTH, CBObOmA
oT sdpderra mode-hop” B 0ZHOUACTOTHOM PpesKUME
GYHKLIMOHUPOBAHUS M CybKHIIOreplLeBass IIHPUHA
JTUHHUHU SBAAIOTCS KJIIOYeBBHIMHU TeXHHUYeCKHUMH
XapaKTePHUCTHKAMHM, KOTOPble II03BOJISIOT HCIIOIb30-
BaTh ONTUYeCKHe BOJIOKHA AJIMHOM B JEeCATKH KHJIO-
MEeTPOB C BBICOKOM 4yBCTBUTEIBHOCTBIO K TOYHOCTBIO.
BOJIOKOHHBIM JIa3ep BBHIIIOJIHEeH IO CXeMe C pac-
npeseneHHON obpatHoM cBs3pio (DFB - Distributed
Feed-Back) u umeert, 1o cymiecTBy, HaleXKHBIH J1a3ep-
HBIM pe30HaTop. BrIcOKast MOOPOTHOCTh M OTHOCH-
TeJIbHO OoJIbIIas AJIMHA pe3onatopa DEB B coueTaHHUHU
c 60BIIMM BpeMeH SKM3HHU HOHOB peiKO3eMeIbHBIX

3ddert mode-hop - BHe3amHble CKAaUYKU YaCTOTHL U3Ty4eHHS,
YaCTO IIPOBOLIKMPYyeMble BO3/IeCTBHEM BHeIIHUX GpaKkTopoB. Ha-
IpuMep, B JIa3epHBIX JUOJaX Jperd TeMIepaTyphbl aKTHUBHOK
Cpelbl BefleT K CABHUTY JJIMHBI BOJTHBI MaKCHMAaJIbHOIO yCHJIe-

HUH.
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LOW NOISE FIBER LASERS
IN OPTICAL SENSING

S.Lovgreen, NKT Photonics ,sl@nktphotonics.com

Single-frequency fiber lasers of Koheras series with
output power from 10mW to 15W emitting wave
lengths from 1 to 1.5um match many sensor systems
criteria. Detection of aircraft wake vortex, piplines
protection, liquid and gas transportation all need
their unique characteristics, fine radiation line, low
noise, small size and reliability

he Danish company NKT Photonics has been

manufacturing low noise single frequency fiber

lasers since 1997 for global research laboratories,
optical sensing system integrators, and for the space
and defense industry. Today the largest share of the
fiber lasers is deployed in interferometric optical sensing
systems for oil and gas exploitation, pipeline integrity
monitoring, perimeter security and wind detection. The
low phase noise (figure 1) and stable, mode-hop free
single frequency laser operation and sub kHz linewidth
are the key technical attributes that enable interrogation
of optical fibers over tens of kilometers with high
sensitivity and accuracy.
The fiber laser is a so-called DFB (Distributed Feed-Back)
design, and is essentially a short and robust laser cavity.
The high Q-value and the relatively long length of the
DFB cavity combined with long radiative lifetimes of rare
earth ions in silica provide for fundamentally low values
of phase noise and spectral linewidth. Careful packaging
design to reduce effects of vibrations and acoustic noise
and use of low noise pump sources further reduce effects
of technical noise. The end result is a laser source that
combines ease of use, low power consumption, and
compact size with values for phase noise and spectral
linewidth that are unsurpassed in its class.

Fiber optical sensing systems are gaining ground
these days because they offer several advantages over
traditional technologies based on electrical transducers
such as piezo electric hydrophones as they are passivei.e.
no electronics, compact, lightweight, reliable, and can
be multiplexed to interrogate very large sensor arrays, as
well as enable longer sensing ranges with high dynamic
range and sensitivity.

In an interferometic optical sensing system based
on e.g. coherent Rayleigh backscatter detection, the
optical fiber typically acts as a long continuous sensor
that is extremely sensitive to acoustic perturbations
from the surroundings. The small impacts cause a
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MeTaJ/IOB B KpeMHHH obecriednBalOT IIPHH-
LUIIKAJBHO HH3KHe 3HadeHHs (a3oBoro Imyma
M y3KyI0 IIHPHHY CIeKTPaJIbHOM JHHHUH H3Iyde-
HUS. TIDATeJpHBIM OW3aHMH YIAKOBKHU [IJISI YMEHb
meHus 3ppeKTa BUOPALIMU U aKYCTHYECKUX LIYMOB
M UCIIOJIb30BaHHE HMCTOYHMKOB HaKauKU C HHU3KUM
IIYMOM BeAyT K CHHKEHHIO II0C/Ie[ACTBHM TexHHUYe-
cKoro myMa. KoHeYHBIM IIPOAYKTOM SIBJISIeTCS a3ep-
HBIM MUCTOYHUK, KOTOPBIK codeTaeT B cebe IIPOCTOTY
HCIIONIb30BAHU S, HHU3KOe 3HepromorpebneHue, HU3-
KHe MaccorabapuTHble XapaKTEPUCTUKU H HeIpe-
B30OHJeHHEIe B CBOEM KJlacCe BeIMYHHBI Pa30BOro
IIyMa M IIHPHHBI CIIEKTPAJIBHOM JTHMHUH.

B HamM JHH CHUCTEMBI OIITHYECKOr0 30HIHPOBA-
HHUS Ha OCHOBE BOJIOKOHHBIX HATYHMKOB YKPEeIUISIOT
CBOM IIO3MLIMU. [lJIsT 3TOT0 Yy HUX eCTb BCe OCHOBA-
HUS B BHIe psifa NPeUMYLIeCTB Iepel TpPagHULIU-
OHHBIMU TEXHOJIOTHSIMU Ha OCHOBE 3JIEKTPHUYECKHUX
npeobpasoBaTesnell IIbe303/JeKTPUYECKUX THIPOdO-
HOB. OHH IIaCCHUBHBI, TO eCTh He SIBSIOTCS 3JIeKTPH-
YeCKMMHU H3JeTUSIMU, KOMIIAKTHBI, UMEIOT MaJjblH
BeC, HA/IeXKHBI XU MOTYT OBITh JIETKO MYJIBTHUIIIEKCH-
POBAHBI B 0YeHb OOJIBIIFE MACCUBBI JATYMKOB, O1aro-
Iaps BBICOKOM YYBCTBUTEIBHOCTH B 6OJIBIIOM AHHA-
MHYECKOM JHalla3oHe. B nHTepdepoMeTpHUUECKUX
CHCTeMax OITHYeCKOro 30HIHPOBAHHS, IIOCTPO-
eHHBIX, HaIlpuMep, Ha 6a3e KOrepeHTHOIO MAeTeK-
TUPOBAHHUS 0b6paTHOro paccessHUsi Panes, omTUYe-
CKOe BOJIOKHO, KaK IIPaBHJIO, BBICTYIIAeT B KauecTBe
IJIMHHOTO HEIIPEePBIBHOTO NATYHKA, KOTOPBIM Upe3-
BBIYAMHO YYBCTBUTENEH K aKyCTHYeCKHM BO3MYIIe-
HHUSIM OKpY’KalolleHd cpefor. MaleHbKHe BO3MeH-
CTBUSI BBI3BIBAIOT M3MEHEHHE OJHHBI OINTHYECKOTO
IyTH B BOJIOKHe. M Kkorga Ha QoTomeTeKTOp IIoIla-
JAIOT KOTepeHTHO C/IO’KeHHBble CHTHAaJIbl 30HAUPYIO-
IIero ¥ 3TaJIOHHOTO U3/IyYeHHUs OT CAMOI0 JIa3epHOr0
HCTOYHHUKA (reTepoLHHHAS COIJIACOBAHHAS CXeMa
0bHapy>KeHHSII0), TO Ha HeM IIOSB/ISIIOTCS 'OTIIeYaTKHU
manbleB’ aKyCTHYeCKUX H300paskeHHH. 3areM
C IIOMOIIBI0 MAaTeMATHYeCKON 06paboTKHU MOKHO
IIPeIOCTABUTH MOAPOOHYI0 MHOOPMALIHIO O IIPOU30-
meneM COOBITHU U OIIPeNe/UTb MECTO ero pacro-
JIOKeHHUSI BAOJNb BOJOKHA. [lisi HabnomeHHUs IepH-
MeTpa OITHYeCKHe CHUCTeMbI HCIIONB3YIOT CIOSKHBIE
AJITOPUTMBI II0AABIEHUSI POHOBOIO IIyMa, KOTOPBIH
MOXKeT BO3HHUKHYTb B pe3y/pTaTe TaKHUX IIOCTOPOH-
HHUX UCTOYHHKOB, KaK I05K/IeBble KATIJIX KN ITOPbIBEI
BeTpa. Tak YTO CHTHAJ TPEBOT'H CpabaThIBaeT TOIBKO
B COOTBETCTBHH C IIOSIBJIEHHEM IIOTeHILIMAIBHO KPH-
THYECKUX COOBITUH.

B HeQTAHOU U APYTHUX OTPAC/AX MTPOMBIIIIEHHO"
CTH, TAKUX KAaK TPAHCIOPTHUPOBKA BOIBI HJIM CTOY-
HBIX BOJ, I10 INIMHHBIM MapLIPyTaM TPyOOIIpOBOSHBIX
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change of the optical path length in the fiber and when
interrogated by coherent laser light and re-combined
with an “un-impacted” reference light from the laser
source itself (local oscillator in coherent detection
scheme) on a photo-detector, an acoustic “fingerprint”
is depicted by means of data processing to provide
detailed information about an event at a specific
location along the fiber. For perimeter surveillance
the optical systems use sophisticated algorithms to
discriminate background noise that can arise from
such sources as from rain droplets or aircrafts, so that
alarms are triggered only by relevant and potentially
critical events.

In the oil industry and other industries such as water
and waste water transportation over long range pipe
lines, the integrity and health condition of the pipe
lines is very critical. Due to their economic importance
these pipe lines are also potential targets for intrusion,
and furthermore mechanical cracks and fatigue can
lead to enormous spills with severe economic and
environmental consequences. Interferometric optical
sensing systems offer preventive and accurate means
to detect incidents or emerging mechanical failures so
precautions can be taken at an early stage.

The increasing need for optimizing oil recovery,
controlling the flow of oil through pipelines,
monitoring the health condition of pipelines, and
protecting critical assets has also created a demand
for optical sensor systems and subsequently for low
noise laser sources. Oil extraction has become more
challenging today as existing reservoirs produce less
oil. Presently only about one fourth of an oil well is
exploited over time. However, with permanent reservoir
monitoring it is possible to better locate and follow the
movement of oil, something which helps to improve
the exploitation of an existing well and benefit from
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JTUHHU, O4eHb Ba’KHOe 3Ha4deHHe HMMeIOT LeJIOoCT-
HOCTb U COCTOSIHHe TPyOOIIPOBOJOB. B CBSI3U C 3KOHO-
MHYEeCKON 3HAaYHMOCTBIO 3TH TPyb6OIpoBOABI TaKike
SIBJISIFOTCSL IIOTEHLHAJbHBIMH MHIIEHSIMHU [
BTOp>KeHH . Kpome TOro, MeXaHHYeCKHe TPeIlrHbI
M YCTJIOCTh MOIYT IPUBOLUTH K OTPOMHBIM pas3iu-
BaM TPaHCIIOPTHPYeMBIX IPOLYKTOB C CePbe3HBIMH
3KOHOMHUYECKHMMH M 3KOJIOTHYeCKHMMH IOC/IeCTBH-
AMU. UHTepdepoMeTprUYeCKHe OIITHYeCKHe CHCTe MBI
30HAMPOBAHUS IpeAjaraloT IpodHUIaKTHUYecKue
Y TOYHBIe CPeJCTBa [/ 0OHApPYy>KeHUSI NHLIUJEHTOB
HJIM BO3HUKAIOIIMX MeXaHHYeCKHX IIOBPeXXIeHUH.
Benb IIpu 3TOM Mepbl IIPeJOCTOPOKHOCTH MOT'YT OBITh
IIPUHSATEI ellle Ha paHHeH CTaJHH.

PacTymast oTpebHOCTh B OITHMH3AIUU J06BIUU
HeQTH, PeryJMpoBaHHUHU ee IIOTOKA 4epe3 Tpyborpo-
BOABI, B MOHUTOPHHTIE COCTOSIHUSI TPyboIpoBomoB
M 3aIlUTe KPUTHUECKH Ba’KHBIX aKTHBOB IIOBBILIAET
CIIPOC Ha CHCTeMBl ONTHYEeCKHX HATUHUKOB. A 3TO
BefleT K POCTY MOTPeOHOCTH B MaJIOIIyMSIIIHX JIa3ep-
HBIX UCTOYHHMKaX. Jlobprua HepTH cTana bonee Croxk-
HOM, W CerofHs CYyIIecTBYIOIIMe CKBa’KHUHBI AAIOT
MeHbIIe HedTHU. B HacTosLlee BpeMs TOJIBKO OKOJIO
4eTBePTU He(PTAHBIX CKBa’KHUH 3KCIIJIYaTHPYIOTCS
B TeueHUe [0/ITOr0 BpeMeHU. TeM He MeHee, IIPOBOJIS
[IOCTOSSHHBIM MOHHTOPHUHI CKBa’KHMH, MOXKHO Y/Iyd4-
IIMTh IOMCKU HePTHU U CJIeSUTh 33 ee JBM>KeHHEeM.
ONnTU4YecKUH MOHHTOPHUHI 3TO TO, YTO IIOMOTraeT
YAYUIINUTh 3KCIIYaTallUIO CyIlecTBYIOIIeH HHOpa-
CTPYKTYPbl BOKPYT HeQTSHOH CKBa>KHMHBI U H3BJIeYb
BBITOJly 13 Hada/bHBIX BJIOKEHHBIX B Hee HUHBECTH-
LMH. B KayecTBe IpuMepa BCIIOMHHM, 4YTO B JATCKOM
He(TSHOM CeKTOpe OfWH JOIOTHUTEIbHBIN IIPOLIeHT
nobsrun HepTH K3 HeAP COOTBETCTBYET COBOKYITHOK
ctoumocTeio 1 Mupn. ponn. [1l. OmTOBOIOKOHHBIE
7aseprpl C HU3KKMM IIYMOM B HacToslllee BpeMs pas-
BEPHYTHI B PA3HBIX MeCTaxX CpeAu 60/IbIINX MacCHBOB
He(TSHBIX THAPOPOHHEIX CeHCOPOB. OHHU IIOMOTaoT
HaUTH He(Th, CHHMMasl OTPa’keHHble OT MOPCKOIO
OHA aKyCTH4YeCKHe CHTHAaJbl, IIOPOKIeHHBbIe 3BYKO-
BBIMU BOJIHAMHU OT KPYIIHBIX ITHEBMAaTHYeCKHUX 30H-
IoB (puc.2).

Ha 6nmskaimine roibl 3all/IAaHUPOBAHO IIPOJIO-
SKUTb ellle MHOKEeCTBO IIOJBOAHBIX 30HAHPYIOIHX
CHUCTeM. B HacTosIee BpeMs IIPOJIOSKEHBI BOJIOKOHHO-
OITHYeCKIe Ha3eMHble CHUCTEMBI, BelyIlke pacCyeThl
Ha OCHOBe reoCelCMHYecKHX IIofcueToB (okoso 1
MJIH. KaHa/oB). sl BceX HHUX IIYM SIBJISIETCS KJIIO-
YeBBIM I1apaMeTpOM OIIpefle/ieHHs MPOH3BOAHTE/Ib-
HOCTH CHUCTeMBI /IS II0JIydeHUs] Ha/le>KHBIX JaHHBIX
1 4eTKUX H300pa’keHHH, U B 3TOHM HUIPe Ja3epHBIH
$a30BBIM IIYyM UIpaeT LEeHTPaJbHYIO Poib. I10o3TOMy
[pofo/IKalollleecs: pa3BUTHE BOJIOKOHHO-ONTHYECKHX
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Puc.2. Mopckas Hepmedobbigarowas naamegpopma (ucmou-
HUK: www.nktphotonics.com/ oil_and_gas )

the initial infrastructure investment around an oil
reservoir. By way of example, in the Danish oil sector a
single additional percentage of oil extraction from the
underground corresponds to a gross value of 1b USD .
Low noise lasers are now being deployed at different oil
fields to interrogate large fiber optic hydrophone arrays
that pick up reflected acoustic signals from below the
seafloor, generated by sound waves from large air guns,
to help locate the oil (fig.2).

More sub-sea systems are planned for the coming
years, and currently fiber optic land based geo-
seismic systems with very high channel counts
(towards 1 million channels) are also being
investigated. For all these systems noise is a key
performance parameter to obtaining solid data and
clear images, and in this game the laser phase noise
plays a central role. The continued development of
fiber optic geo-seismic systems therefore has helped
push the laser technology towards compact, fiber
coupled, high reliability devices with un-surpassed
low phase noise performance.

Koheras lasers also play an important role in
a new generation of wind sensing Lidars (Light
Detection and Ranging) for meteorology where the
Doppler shift of light scattered by aerosols (Mie
scattering) is used to indirectly measure wind
velocity and turbulence by coherent homodyne
detection. It requires first of all a single frequency,
narrow linewidth source that can deliver up to 1
W of optical power, but also very low RIN (Relative
Intensity Noise) to be able to detect the very weak
back scatter from aerosols and particles carried
by the wind. The laser emits light in an eye safe
wavelength region at 1.5 pm not causing eye damage
to humans or animals.
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reocelCMHUYeCKHUX CHCTeM IIOMOraeT IOATOIKHYTh
Na3epHble TeXHOJOTUH K CO3ZAHHI0O KOMIIAKTHBIX
BOJIOKOHHBIX YCTPOMCTB C HENPEeB30HAeHHO HU3KHUM
$a30BBIM IIYMOM.

Jlazepsl Koheras HUIrparoT BaskHYIO POb B HOBOM
[IOKOJIEHUH JIa3epHBIX HaJbHOMepOB. JIMApsl A1
30HAMPOBAHUS BETPSHBIX IIOTOKOB HCIIONB3YIOTCS
B MeTeOpOJIOTHH, TIZe [OIIEPOBCKUH CABHUI CBeTa,
paccessHHOTO a’3po30aIMHU (paccesiHMe MH), HCIIONb
3yeTcs [J1s1 KOCBEHHOI'O M3MepeHUs CKOPOCTH BeTpa
U TypOyleHTHOCTH. JTo TpebyeT, IHpexsie BCero
Ja3epHBIX HCTOYHUKOB, H3/Iy4YaIOUIUX Ha OJHOMU
4acToTe, C Y3KOM JIMHHEH U ONITHYeCKON MOIIHOCTBIO
7o 1 BT, HO IpU 3TOM C OYeHb HU3KHUM OTHOCHTENb
HBIM myMoM (RIN oTHOCHTe/NbHAass WHTEHCHBHOCTD
myma). Takue Tpe6oBaHM S HEOOXOMMMBI, UTOOBI 1aT-
YUK OBIT B COCTOSSHUM OOHApy>KHUTb O4eHb Cabble
CUTHAJIBl, paccesiHHBbIE Ha3aJl a3po30/IsSMH K YacTHU-
LlaMH{, IIepeHOCHMBIMHK BeTpoM. Jlasep H3aydaer
CBeT B [iMalla30He [JIMH BOJIH 6e30I1acHOro mojaeTa Ha
IJHHe 1,5 MKM, UTO He BbI3bIBaeT [TOBPeXK/IeHHUe I71a3
YyeJioBeKa UJIM KUBOTHOTO.

Hcronb3oBaHUe Ja3epHOM aHeMOMeTpUHU Oymet
MMeTh Ba’KHOe 3HaueHHUe [Jjs Oyayluero ympasie-
HUS QJIBTePHATUBHBIMU HCTOYHHKAMU 3HEPruy Ha
OCHOBe SHepruu BeTpa. M 3To BakHO JJIsl ycIexa
BETPOBBIX IIPOEKTOB. JJaHHbIe O BeTpe TPaJUIHOHHO
COOMpATHCh C ITOMOIIBIO JOPOrOCTOSIIIUX AHEMOMe-
TPOB, KOTOPbIE BBIIIOTHSIOT TOJIBKO TOUEUHBIE H3Mepe-
HHUSL. JTO co3faeT OonblIKe TPYLHOCTH B CBSI3U C Heob-
XOLHMOCTBIO HMeTb HAHHble C MHOTOYMCIEHHBIX
TO4eK Ha IIPOTSIKeHHUM BCero IOoToKa BeTpa. K Tomy
>Ke M3BeCTHO, UTO /JIs1 yCTAHOBKH aHeMOMETPOB May-
TOBOIO THIIA TpebyeTcsi NOIOTHUTENBHOe pa3pelle-
HHMe Ha CTPOMTENIBbCTBO U IIONy4eHHEe CepTHPHKATA
6€e30I1aCHOCTH [JISI 34,0POBbSI OKPY>KAIOLIHX.

BeTpsiHbIe THApbl B HACTOsIIee BPeMSs HCIIOIb3Y-
I0TCSI B KauecTBe JaTUHMKOB JJISl IIPOrHO3a BETPOBBIX
IIOTOKOB, 06pa3yIONIKXCs BIIEPeH BETPOBHIX TypOUH
IIPH KX 3KCIUTyaTanuu (puc.3). OHK UMeIOT Psj Ipe-
HMMYIIECTB Ilepe]l TPASUIMOHHBIMH aHEMOMETPAMH,
TaKUMH KaK LIMPOKO MCIIONb3yeMble dYallleqHbIe
aHeMOMeTPbl, KOTOpble OrPpaHHYEHBl B BO3MOKHO-
CTH MTHOBEHHBIX M3MepeHUH, WU [lepeJi COHapaMHu,
KOTOpble IPeJCKa3blBalOT CKOPOCTh IOTOKAa BeTpa,
HO C HM3KOM TOYHOCTBIO. BO3MOXXHOCTb ZOCTOBEPHO
IIpe/iCKa3aTh CKOPOCTh M HAIlpaBjeHHe BeTpa, KakK
OKUJAETCSI, CTAHEeT OYeHb I10JIe3HBIM HHCTPYMEHTOM
B OTPAC/IH BeTPSIHBIX TypOHUH. DTOM OTpaciad IOTpe-
OyeTcst ”HGOpPMaLIMA [I/1 KOHTPOJIS U IIOMCKA BBICOTHI
C LIe/TBI0 OIITHMHU3ALIUH 3Hepronorpebnenus. M, 4ro
eme 6onee BaskHO, MOTPe6HOCTH B TakoW HHOOP-
MaLUU OOBSICHSETCS HeOOXOLHMMOCTBIO CHHKEHHS

i g

The use of laser anemometry will be important
for future wind resource management as the
accurate prediction of energy yield is vital to the
success of wind farm projects. Wind data have
traditionally been collected using expensive
anemometry masts, which are expensive and
further only perform point measurements. This
creates great difficulty due to the numerous
measurement points throughout the entire wind
farm and in addition raising anemometry masts
require building permits and dealing with health
and safety aspects.

Wind Lidars are now being exploited as forward
looking sensors to predict wind conditions ahead of
wind turbines in operation, as opposed to traditional
and widely used cup anemometers that are limited to
instantaneous measurements at the turbine nacelle,
or sonars which do predict the wind conditions
ahead, however with low accuracy (fig.3). The ability
to reliably predict the wind speed and direction is
expected to be a very useful tool in the wind turbine

Puc.3. BempozeHepamopbl 8 omkpbimom mope (MIcmouHuK:
www.nktphotonics.com/lidar)
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Harpy3KH U OIpefe/leHUs YCTaZ0CTH OOBIIUX TyPp-
OMHHBIX CTPYKTYyp. DTO MOXeT IPHBECTH K HOBBIM
paspaboTkam B JM3aliHe CTPOMTENIbCTBA, YIIPaB-
JTeHUH, OSKCIUIyaTallUh M >KH3HeobeCIleuyeHUH,
U B KOHIe KOHIIOB CBOAUTCS K CTOMMOCTH BJIafleHHs
IUISL BJlaZle/IblieB aKTUBOB. TUIIHMYHOE BpeMs KHU3HU
BETPOBBIX TYpOUH - 0Kojo 20 JieT, HO IIPU MPaBUIIb-
HOM HCIIOJIb30BAHUM B MX yIpaBJIeHUU HHPOpMa-
LI OT BEeTPSHBIX JINAAPOB BO3COSKHO IPOJAIUTH 3TOT
CPOK Ha 30%. B pe3ynbraTe 6yAyT CHU>KEHBI HATPY3KHU
Ha TypOUHBI OT TypOy/IeHTHBIX BUXPeH [2].

Jpyrue IpUIOKeHHS, KOTOpble MOIYT H3BJieYb
BBITOJly OT MCIIOJIb30BAHHS BETPOBBIX JIMOAPOB, 3TO
obecrieyeHue 6€30I1aCHOCTH I10/1eTOB U 0OHapy KeHU
BHXPEBOIO CJIe[la Ha II0CAJOYHBIX IIOIAIKAX B a3po-
ropTtax. NKT Photonics TecHO COTpyAHHUYAeT C Beny-
MM MHMPOBBIM HAyYHO-KCC/IEA0BATEIbCKUM LIeH-
TPOM I10 M3y4eHUI0 SHepruu BeTpa - Risg DTU National
Laboratory for Sustainable Energy (HamuoHanpHOM
nabopaToprer IO YCTOMYHBOMY Pa3BUTHIO 3Hep-
reTUKH). KOMIIaHUS MONydYH/Ia HOy-Xay B 00IACTH
onpesenHUs TpeOOBAHHUM, IIPedbsBISIEMBIX K Ja3e-
paM misi obecmedyeHus: pabodero IIMKIA BETPSHBIX
TYPOMH C IIOMOIIBIO BEeTPSIHBIX IUIAPOB.

Jlazepsl Koheras UrparoT BaskHYIO PO/Ib B IIPOPBIB-
HBIX HayYHBIX IIPOEKTAX, OCYIIECTB/ISIEMBIX II0 BCEMY
MHPY, Hampumep B paboTe MHCCHMH Swarm eBpo-
IIeHCKOT0 KOCMMYECKOIO areHTCTBA. 3ajada CIyT-
HKKa, 3aIyIIeHHOIO B H0ﬂ6pe 2013 roma, - pasrazath
ONWH K3 CaMBbIX 3ara/IOUHBIX aCIeKTOB Halllel IIa-
HeTbl - MarHUTHOe 11071e [3] (prc.4). JIa3epbl KOMIIAHUH
Koheras He 6BUIM II€pBOHAYa/IbHO ITpeAHA3HAYEHBI
[Tl yCTAHOBKY Ha CIIYTHHKaX, HO B KOHIE 90-X romoB
IIOSIBUJIOCH pelleHHe UX MCIIONb30BaTh. DTOT IIPOEKT —
CBU/IETEIBCTBO TOMY, YTO BOJIOKOHHBIF J1a3ep CrIocobeH
YIOBIETBOPUTH CAMBIM B3bICKATe/IbHBIM TPeOOBAaHUSIM
KOCMHUEeCKOH 0Tpaciu. Takum obpasoM, oH paboraeT
B COOTBETCTBHH C BHICOKMMM CTaHIAPTaMM, 3aJI05KeH-
HBIMH B MHIYCTPUU OIITHYECKOr0 30HAUPOBAHHUS.
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Puc.4. MazHumHoe none 3emau (ucmoyHuk: ESA, www.esa.int)

industry to control the pitch and yaw for increased
power optimization and even more importantly
reduce load and fatigue of the large turbine
structures. This could lead to new developments both
in the construction design, farm site management,
as well as operation and service lifetimes, and in the
end reduced cost of ownership for the asset owners.
The typical life time of wind turbines is around 20
years, but it is expected that it could be extended by
30% using wind Lidar feedback control to reduce the
loads from wind turbulence [2}.

Other applications that can benefit from wind
Lidars is aviation safety and airport wake vortex
detection at landing fields. NKT Photonics has
worked closely with the world leading research
center in wind energy, Risg DTU National Laboratory
for Sustainable Energy, and gained know-how of the
laser requirements to make the fiber lasers suitable
sources for wind Lidars.

Koheras lasers are also vital for important
scientific projects around the world, for example
for ESA’s Swarm mission scheduled for launch in
November 2013 that will unravel one of the most
mysterious aspects of our planet, the magnetic
field [3] (fig.4). The Koheras laser was not originally
intended to be space-born and installed on satellites
when commercialized in the late 90’s, however
this project is a good testimony of how the fiber
laser is also capable of meeting the demanding
requirements of the space industry and thus
certainly live up to the high standards in the optical
sensing industry.





