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Conference Overview 

The 18th conference on coherent laser radar technology and applications is the latest in a series 
beginning in 1980 that provides a forum for exchange of information on recent events, current 
status, and future directions of coherent laser radar (coherent lidar) technology and applications. 

This conference was founded by Mr. Milton Huffaker, founder and CEO of Coherent 
Technologies, Inc. and presently CEO of Coherent Investments Inc. 

The conference serves as a biennial forum for the exchange of current and future developments 
within the field of coherent laser radar and wind lidar including direct detection wind lidar. It is 
intended that the meeting will highlight recent advancements in the field, including component 
technology and instrumentation, systems (surface, airborne, and space-based), measurements and 
processing techniques, and emerging requirements for coherent laser radar applications in studies 
of atmospheric, ocean, surface and target properties. 
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Sponsors 

• NASA Earth Science Technology Office 
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Exhibitors 

LEOSPHERE, http://www.leosphere.com/en/ 

LEOSPHERE is a world leader in LIDAR (laser radar) atmospheric remote 
observations. The company offers new turnkey and user-friendly remote-
sensing instruments allowing wind measurement, aerosol (ice, ash, dust, smoke) 
characterization and localization, and clouds height and atmospheric structure 
(boundary layer, aerosol layers). Our range of WINDCUBE LIDARs are 
powerful instruments for meteorological agencies, airports and atmospheric 
research institutes since they provide high-resolution data on extreme weather events (eg 
hurricanes, cyclones ...), and wind shear on airports. They are complementary to existing classic 
observation instruments. 

 

Discovery Semiconductors, www.discoverysemi.com 

Discovery Semiconductors, 
Inc. is an industry leader in 
manufacturing ultrafast, high 
optical power handling InGaAs photodetectors, RF over fiber optical receivers, balanced optical 
receivers and several custom products for applications ranging from analog RF links to ultrafast 
digital communications. Discovery's instrumentation includes their Lab Buddy and Optical 
Coherent Receiver System. 

 

Northrop Grumman, www.nothropgrumman.com/ceolaser 

Northrop Grumman Cutting Edge Optronics is a 
leading supplier of high-power laser diodes, DPSS 
modules, laser diode drivers and complete DPSS laser 
systems. Many of our diode laser based products have become industry standards, and are used in 
a wide variety of commercial and military applications. The company is registered to ISO 
9001:2008, and is located in St. Charles, MO. 

  



  

 

Keynote Speakers 

Milton Huffaker 

Milton Huffaker has been at the forefront in the development and application of coherent lidar 
systems since the late 1960s. He is best known for his pioneering work in demonstrating the 
efficacy of coherent lidar systems for atmospheric wind measurement applications. He organized 
the first Coherent Laser Radar Conference in 1980 in Aspen, CO, a conference series which has 
been instrumental in stimulating exchange of ideas and collaboration among scientists and 
engineers worldwide. After leading many successful coherent lidar system development programs 
at NASA and NOAA, in 1984 he founded Coherent Technologies, which became a world leader 
in the development on novel coherent lidar systems for applications ranging from wind 
measurement to characterization of vehicle and other target vibration at large distances. Coherent 
Technologies offered the first commercially available coherent lidar system for wind 
measurements, the WindTracer

®, and these systems are deployed worldwide for wind 
measurement applications. In 2005, Lockheed Martin acquired Coherent Technologies and Milton 
moved to his next venture, founding Coherent Investments which provides guidance, support, and 
capital in order to assist companies that are in their early stage of development. He is also very 
well known for his kindness and eagerness to help others, and has been involved in and has founded 
several non-profit charitable organizations. 

John L. Hall 

John Hall is best known as a preeminent laser experimentalist contributing significantly to the 
development of the laser from a laboratory curiosity to a fundamental tool of modern science. He 
has pioneered the use of stabilized lasers to accomplish measurements of unprecedented accuracy 
and intrinsic physical interest. He has won more than 20 prestigious awards for his work, much of 
which was carried out in Boulder, CO at JILA (formerly called the Joint Institute for Laboratory 
Astrophysics) operated by the University of Colorado and the National Institute of Standards and 
Technology (NIST). At JILA he has been responsible for many major innovations and 
developments in laser frequency stabilization, high resolution spectroscopy, laser cooling, 
quantum optics, and high precision measurements using laser technology. He has authored more 
than 230 articles in refereed journals and holds 11 US patents. He is a member of the National 
Academy of Sciences, and is a Fellow of the Optical Society of America and the American 
Physical Society. He has trained numerous graduate students, postdocs and other scientists who 
are also recognized leaders in laser stabilization and spectroscopy. In 2005, he was awarded a 
Nobel Prize in Physics for contributions to the development of laser-based precision spectroscopy, 
including the optical frequency comb technique. He remains active as a Senior Fellow Emeritus at 
NIST, a Fellow at JILA, and helps others solve difficult laser stabilization problems through his 
company, Hall Stable Laser. He also works with his wife bringing science experience into primary 
schools. 

  



  

 

Past Conferences 

 

 Year Location Chair Co-Chair 

I 1980 Aspen, CO, USA Huffaker Huffaker 

II 1983 Aspen, CO, USA Huffaker Vaughn 

III 1985 Great Malvern, UK Vaughn Huffaker 

IV 1987 Aspen, CO, USA Bilbro Werner 

V 1989 Munich, Germany Werner Bilbro 

VI 1991 Snowmass, CO, USA Hardesty Flamant 

VII 1993 Paris, France Flamant Menzies 

VIII 1995 Keystone, CO, USA Menzies Steinvall 

IX 1997 Linkoping, Sweden Steinvall Kavaya 

X 1999 Mount Hood, OR, USA Kavaya Willits 

XI 2001 Great Malvern, UK Willits Heinrichs 

XII 2003 Bar Harbor, ME, USA Heinrichs Asai 

XIII 2005 Kamakura, Japan Asai Henderson 

XIV 2007 Snowmass, CO, USA Henderson Dabas 

XV 2009 Toulouse, France Dabas Spiers 

XVI 2011 Long Beach, CA, USA Spiers Belmonte 

XVII 2013 Barcelona, Spain Belmonte Gatt 

 

The next CLRC, CLRC XIX, will chaired by Shoken Ishii in Okinawa Japan, 2018.  
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Conference Highlights 

Location 

The conference is being held at the University of Colorado Boulder.  

Technical Sessions 

TECHNICAL SESSIONS are in Math 100 on Monday June 27 and in the University Memorial 
Center (UMC) Ballroom on Tuesday June 28 through Friday July 1 morning session. Afternoon 
Lidar meeting on Friday July 1 is in Ekeley S274. 

Lunches 

Lunches (Monday through Friday) are included in your conference registration and are in the 
Center for Community (C4C) Dining Center. 

Exhibitors 

Exhibits will be on display in the UMC West Ballroom on Tuesday June 28 from 9 a.m. to 5 p.m., 
Wednesday June 29 from 9 a.m. to 1 p.m. and Thursday June 30 from 9 a.m. to 4 p.m. Please stop 
by and visit with the exhibitors. 

Welcome Reception 

Join your colleagues at the CLRC Welcome Reception at the Millennium Harvest House Hotel, 
Boulder CO, Sunday Evening, June 26 from 6:00 p.m. to 9:00 p.m. Appetizers, snacks and 
beverages will be complementary. 

Registration and Information Desk 

Monday June 27 Math 100 Plaza  7:00 a.m. to 11:00 a.m. 
Tuesday June 28 UMC Ballroom Foyer  7:30 a.m. to 10:30 a.m. 
Wednesday June 29 UMC Ballroom Foyer  7:30 a.m. to 10:30 a.m. 
Thursday June 30 UMC Ballroom Foyer  7:30 a.m. to 10:30 a.m. 
Friday July 1  UMC Ballroom Foyer  7:30 a.m. to 10:30 a.m. 
 
If you need assistance and there is no one at the registration area contact the CUCS main office at 
303.492.5151 for registration questions or Virginia Schultz at 303.818.5122 for other questions. 

Advisory Committee Luncheon 

The CLRC Advisory Committee Planning Meeting is scheduled for Tuesday, June 28, from 11:30 
a.m. to 1:00 p.m. during the lunch break in the Tree House room at the Center for Community 
(C4C). Select your lunch items and bring your tray to the Tree House just past the Persian station. 

Poster Session 

The Poster session is an intricate part of the technical program. Set-up for the poster session will 
be from 2 p.m. to 6 p.m. on Tuesday June 28 in the UMC South Terrace Tent. Participant’s posters 
will be organized in relation to the agenda listed in the conference program. The poster session 
will be held from 6:00 p.m. to 9:00 p.m. Each author will be provided a 4’ by 8’ wide space to 
display their paper. Push pins will be provided. Appetizers and beverages will be available 



  

 

throughout the poster session. Please use the drink tickets that you received in your badge for this 
event, wear your conference badge and have official government id for proof of age. 

Tours  

Chautauqua Park A Buff Bus shuttle will be available from 1:30 p.m. to 4:30 p.m. on Wednesday 
June 29 to take participants and guests to Chautauqua Park where you can enjoy the lawn area, 
historic buildings and Dining Hall along with many picturesque trails. The bus will depart from 
the street adjacent to the UMC South Terrace. Please be aware of the weather, bring plenty of 
water, sunscreen and/or hat and sturdy shoes. Also, due to the elevation, hiking is more demanding 
than you may be accustomed to so, please plan accordingly when selecting a trail. The shuttle will 
continuously circulate so wait times will be less than 20 minutes. Last shuttle leaves Chautauqua 
Park at 5:00 p.m. 

Celestial Seasonings and Leanin’ Tree Museum Tour A ticket is required for this tour. Those 
pre-registered will have a ticket in their badge. Please see the registration desk if you would like 
to add this tour, limited seats are available. The coach leaves from the street adjacent to the UMC 
South Terrace at 1:30 p.m. on Wednesday June 29 and will return at 5:00 p.m. to the UMC. Your 
tour guide will point out items of interest as you travel north of Boulder to the Celestial Seasonings 
tea production plant. Enjoy seeing the production line, experience the always popular peppermint 
room along with the original tea box artwork and finish the tour in the gift shop where many unique 
souvenirs and teas are available for purchase. The Leanin’ Tree Museum is world renowned for 
its collection of western art and for its distinctive and often hilarious western-themed greeting 
cards. You will have time to enjoy one of the nation’s largest private collections of western art 
both inside the Museum and outside in the Sculpture Garden. Tips for the tour guide are graciously 
accepted. 

NCAR Banquet Dinner 

The views from the NCAR Mesa Lab are a highlight of any trip to Boulder, Colorado! Shuttle 
busses will depart at 5:30 p.m. from the street adjacent to the UMC South Terrace for the NCAR 
Banquet. We encourage you to ride the shuttle. Return trips will begin around 9 p.m. and return to 
the UMC and to conference hotels. Enjoy a southwestern themed dinner of roast buffalo, fried 
chicken, Portobello mushrooms and all the fixins’. A program of CLRC highlights and awards will 
follow the buffet dinner. Please wear your conference badge and have official government id for 
proof of age if you are planning on consuming beer or wine. This is a private event and any guests 
of CLRC participants must have a ticket. Banquet is on Wednesday June 29 from 6 p.m. to 10 p.m. 

Speakers and Presiders 

All speakers are requested to check in at least 30 minutes prior to beginning of their respective 
Technical Session. Presentations should be uploaded to the AV system and previewed at this time. 

Oral Presentations 

Oral presentations for contributed papers should be a maximum of 17 minutes plus 3 minutes for 
discussion. Invited papers the corresponding times are 22 and 3 minutes respectively. Oral 
presentations and 4-page summary papers will be posted on the internet after the conference. 

Post Deadline Papers 

Post deadline papers will be accepted and posted on the internet. They are to be submitted via 
email to Linda Pendergrass. Send to: linda.pendergrass@colorado.edu  
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Day Start Dur Session

Sun 18:00 210 Welcome Reception Milton Huffaker Phil Gatt

Mon 8:00 20 Monday Opening Remarks

Mon 8:20 85 Coherent Detection  Wind Lidar I Shoken Ishii Stephan Rahm

Mon 9:45 20 Monday Morning Break

Mon 10:05 65 Coherent Detection  Wind Lidar II Milton Huffaker Jean-Pierre Cariou

Mon 11:10 80 Monday Lunch Break

Mon 12:30 115 Coherent Detection  Wind Lidar III Mike Hardesty Hamaki Inokuchi

Mon 14:25 20 Monday Afternoon Break

Mon 14:45 125 Coherent Detection  Wind Lidar IV Aditya Choukulkar BenjaminWitschas 

Mon 16:50 5 Monday Closing Remarks

Tues 8:00 15 Tuesday Opening Remarks

Tues 8:15 60 Wind Lidar for Wind Energy Xinzhao Chu Dave Emmitt

Tues 9:15 45 Direct Detection Wind Lidar Xinzhao Chu Dave Emmitt

Tues 10:00 20 Tuesday Morning Break

Tues 10:20 75 DIAL and Atmospheric Monitoring Robert Menzies Gary Spiers

Tues 11:35 100 Tuesday Lunch Break

Tues 13:15 40 DIAL and Atmospheric Monitoring Robert Menzies Gary Spiers

Tues 13:55 45 Novel Sensing Techniques Aniceto Belmonte Dennis Killinger

Tues 14:40 20 Tuesday Afternoon Break

Tues 15:00 80 Novel Sensing Techniques Aniceto Belmonte Dennis Killinger

Tues 16:45 5 Tuesday Closing Remarks

Tues 18:00 180 Poster Session Shoken Ishii Phil Gatt

Wed 8:00 15 Wednesday Opening Remarks

Wed 8:15 105 Lasers I Sammy Henderson Laurent Lombard

Wed 10:00 20 Wednesday Morning Break

Wed 10:20 65 Lasers II Sammy Henderson Toshiyuki Ando

Wed 11:25 60 Theory and Signal Processing Phil Gatt Toshiyuki Ando

Wed 12:25 5 Wednesday Closing Remarks

Wed 12:30 60 Wednesday Lunch Break

Wed 13:30 210 Wednesday Tours Virginia Schultz Linda Pendergrass

Wed 16:00 240 Wednesday NACAR Banquet Phil Gatt Shoken Ishii

Thur 8:00 15 Thursday Opening Remarks

Thur 8:15 85 Hard Target Detection, Ranging and Velocity Estimation Paul McManamon Walter Buell

Thur 9:40 20 Thursday Morning Break

Thur 10:00 40 Hard Target Detection, Ranging and Velocity Estimation Paul McManamon Walter Buell

Thur 10:40 45 Vibration Sensing Sammy Henderson Maurice Halmos

Thur 11:25 95 Thursday Lunch Break

Thur 13:00 40 Vibration Sensing Sammy Henderson Maurice Halmos

Thur 13:40 85 Applications of Digital Holography Dave Rabb Phil Gatt

Thur 15:05 20 Thursday Afternoon Break

Thur 15:25 85 Atmospheric Propagation Dennis Killinger Aniceto Belmonte

Thur 16:50 5 Thursday Closing Remarks

Fri 8:00 15 Friday Opening Remarks

Fri 8:15 115 Space Based Wind Lidar I Mike Hardesty Upendra Singh

Fri 10:10 20 Friday Morning Break

Fri 10:30 120 Space Based Wind Lidar II Wayman Baker George Komar

Fri 12:30 90 Friday Lunch Break

Fri 14:00 0 CLRC 2016 Conference End

Fri 14:00 180 LWG Discussion Meeting Mike Hardesty Upendra Singh

Fri 17:00 0 LWG Meeting End

Session Chairs



# Time Dur Type Authors Title Abstract

18:00 210

8:00 20

8:20 85

M1 8:20 40

K
ey

n
o

te

Milton Huffaker
A Historical Review of Coherent 

Laser Radar Wind Sensing
Abstract Submission Pending

M2 9:00 25

In
vi

te
d

Stepham Rahm, 

Benjamin Witschas, 

Oliver Reitebuch, 

Fernando Chouza and 

Andreas Schaefler

Overview of the DLR 2 micron 

Doppler Lidar Campaigns with 

emphasis on possibilities and 

limits of signal processing

In the past three years several airborne campaigns all over the world with the DLR two micron Doppler lidar installed onboard the Falcon 

F20 research aircraft were performed. The scientific goals of these campaigns reached from the study of transport phenomena of 

Saharan dust over the Atlantic Ocean (SALTRACE) to gravity wave measurements in Sweden (GWLCYCLE) and New Zealand (DEEPWAVE). 

A comparison campaign with the ADM direct detection lidar on Iceland (WindVal) together with the NASA DC9 was also performed. This 

paper will give a brief overview of the campaigns and then focuses on the data processing. The accumulation of all LOS spectra of a VAD 

scan into one Spectrum in order to improve the coverage is presented. Furthermore the challenge of extracting a wind vector out of a set 

of LOS estimates of a VAD scan in the presence of gravity waves will also be addressed.

M3 9:25 20

O
ra

l

Benjamin Witschas, 

Stephan Rahm, Johannes 

Wagner and Andreas 

Dörnbrack

Airborne coherent Doppler wind 

lidar measurements of vertical 

and horizontal wind speeds for 

the investigation of gravity 

waves

Gravity waves are well known phenomena in the atmosphere, but there is still a lack of knowledge of their life cycle including excitation, 

propagation and dissipation mechanisms. In order to investigate these topics, DLRs coherent Doppler wind lidar system was recently 

deployed during 2 airborne campaigns on DLRs Falcon research aircraft, namely the GW-LCYCLE I campaign (Kiruna, Sweden, December 

2013), and the DEEPWAVE campaign (Christchurch, New Zealand, June/July 2014). Altogether, 6 research flights over the northern 

Scandinavian mountains and 13 research flights over the New Zealand mountain range were performed during various meteorological 

forcing conditions. The wind lidar measured horizontal and vertical winds with a vertical resolution of 100 m and a horizontal resolution 

of 7 km and 0.2 km, respectively. The obtained wind profiles are analyzed by wavelet techniques and compared to ECMWF and WRF 

model calculations. The outcome of this analysis will be shown and discussed.

9:45 20

10:05 65

M4 10:05 20

O
ra

l

Fernando Chouza,  Oliver 

Reitebuch, Stephan 

Rahm and Bernadett 

Weinzierl

Retrieval of aerosol backscatter 

and vertical wind from airborne 

coherent Doppler wind lidar 

measurements

This study presents methods for the retrieval of calibrated backscatter and vertical wind speed from an airborne Doppler wind lidar 

(DWL). The backscatter retrieval relies on sun photometer measurements and the simultaneous retrievals of an airborne DWL at 2 µm 

and a ground-based aerosol lidar at 532 nm for the retrieval of the calibration constants. A refinement of the vertical wind retrieval 

algorithms based on speed and distance of ground returns will also be discussed.  The derived methods were successfully applied to a set 

of case studies from the SALTRACE campaign (http://www.pa.op.dlr.de/saltrace), which aimed to characterize the Saharan dust long 

range transport between Africa and the Caribbean. The calibrated backscatter measurements, first validated with a set of ground based 

lidar and CALIPSO measurements, were then used in combination with horizontal and vertical wind retrievals for the characterization of 

island induced gravity waves and the evaluation of an aerosol transport model.

M5 10:25 20

O
ra

l

G. D. Emmitt, Kevin 

Godwin, Steve Greco, 

Michael Kavaya, Grady 

Koch and Upendra Singh

Airborne DWL in Polar Winds: 

Greenland and Iceland 

Campaigns

During 2014 and 2015, NASA funded an airborne expedition to the Arctic to conduct experiments focused on documenting  the low level 

wind circulations around Greenland and validating numerical models and reanalyzes, particularly in the boundary layer transition zones 

between land, water and ice. The NASA/LaRC  DAWN coherent 2 micron  lidar was flown on the LaRC UC-12B aircraft in November, 2014 

and on the NASA DC-8 in May 2015. More than 100 hours of lidar data were obtained during the two campaigns along with ~100 

dropsondes launched during the May campaign. These data are being used in several studies including the perfunctory  lidar dropsonde 

comparisons and pointing error corrections (apparent ground velocity removal). This paper will report on both the instrument related 

performance as well as a case study of Barrier winds off the east coast of Greenland.

M6 10:45 25

In
vi

te
d Hamaki Inokuchi, 

Tomohiro Akiyama and 

Shigeru Machida

Development of an Onboard 

Safety Avionics System using a 

Doppler Lidar

About half of airliner accidents is occurred by air turbulence, and turbulence accidents are increasing these days. Based on this 

consideration, JAXA is developing an airborne Doppler Lidar for on-board turbulence detection. This is technically challenging since not 

only must the device be small and light, but wind detection is more difficult at high altitudes than on the ground. According to the result 

of flight experiments, it is difficult for the present LIDAR to be used for guiding turbulence evasion maneuvers during cruise. However, at 

low altitudes or airspeeds a Lidar will enable vertical avoidance maneuvers to be provided during landing approach. It is also considered 

that measured wind data will be communicated directly to the aircraft's automatic flight control system during cruise. An outline of the 

prior flight experiment and a development program of the onboard safety avionics system are explained.

11:10 80

12:30 115

Coherent Detection  Wind Lidar I: Shoken Ishii and Stephan Rahm

Coherent Detection  Wind Lidar II: Milton Huffaker and Jean-Pierre Cariou

Coherent Detection  Wind Lidar III: Mike Hardesty and Hamaki Inokuchi

Welcome Reception: Milton Huffaker and Phil Gatt

Monday Opening Remarks

Monday Morning Break

Monday Lunch Break



M7 12:30 25
In

vi
te

d

Jean-Pierre Cariou, 

Ludovic Thobis, Quentin 

Germon , Raghavendra 

Krishnamurthy , Agnas 

Dolfi-Bouteyre  and Anne 

Durecu

Development of a high power 

Doppler Wind Lidar for 

measuring wind and EDR along 

aircraft approaches

Air flows in the troposphere have a major impact on air traffic safety and operations. In the framework of the European UFO project 

(www.ufo-wind-sensors.eu ), ONERA and LEOSPHERE have developed a new high powered scanning Doppler LIDAR using an innovative 

powerful Erbium doped fiber laser amplifier. The performances of this prototype have been evaluated through a campaign in 2014 

performed at Toulouse airport, France. In addition, specific algorithms have been developed for retrieving wind and EDR quantities along 

aircraft approaches and in 3D around airport. The wind and EDR measurements have been then compared to reference sensors in order 

to assess their accuracy.

M8 12:55 20

O
ra

l Igor Smalikho , Viktor 

Banakh and Andrey Falits

Investigation of feasibilities of 

aircraft wake vortex 

measurement by a low-energy 

1.5-micrometer pulsed coherent 

Doppler lidar

In this work the feasibilities of the extraction of information about aircraft wake vortices from data measured by a 1.5-micron pulsed 

coherent Doppler lidar (PCDL) with a pulse energy around 10-20 microJ are investigated. A strategy of measurement by such lidar in 

airfield of an airport has been developed. The conditions of applicability of the low-energy 1.5-micron PCDL for wake vortex 

measurement have been determined, and the optimal parameters of the lidar experiment and processing of measured raw data have 

been found. For the estimation of coordinates of the aircraft wake vortex axis and the vortex circulation we use the method of radial 

velocities and then results of the estimation are analyzed. The applicability of the 1.5-micron Stream Line PCDL (made by HALO 

Photonics) for measurements of the wake vortices generated by a landing aircraft has been demonstrated in the experiments carried out 

in the airfield of Tolmachevo airport. We estimated parameters of the wake vortices for aircrafts of various types, including cargo aircraft 

Boing-747. It is shown that in the initial time period the obtained estimates for the vortex core separation and vortex circulations are in 

agreement with the theoretical calculations.

M9 13:15 20

O
ra

l

Wesley Jones

Lidar Wind Sensing for Improved 

Precision AirDrop and Gunship 

Wind Sensing

To mitigate threat risk and improve fuel efficiency, Air Force operations are desired at higher altitudes. Military gunship and airdrop 

missions share a need for accurate and timely wind measurements to improve targeting solutions, especially from high altitudes. The Air 

Force Research Laboratory (AFRL) has been researching ground-based and airborne Lidar and Radar sensors to provide real-time wind 

profiles to improve aiming solutions for airdrop payloads and gunship munition trajectories. A systems engineering approach 

incorporating multiple technology demonstrations were performed using Commercial-Off-the-Shelf (COTS) systems to mature 

technology. Demonstration data has been used to evaluate how these systems could be used to improve Precision AirDrop (PAD) and 

Gunship Wind Sensing (GWS) operations. Results from these demonstrations will be presented along with analysis of wind effects on 

airdrop and gunship missions.

M10 13:35 25

In
vi

te
d

Shoken Ishii, M. Aoki, A. 

Sato, P. Baron, K. 

Mizutani, S. Ochiai and 

M. Kubota

Research and development for 

future space-based coherent 

Doppler wind lidar

The National Institute of Information and Communications Technology (NICT) has develop 2 um key technology, and ground-based and 

airborne coherent lidars for wind and CO2 measurements since FY 2001.  NICT develop ground-based and airborne coherent lidar with a 

laser emitting a pulse energy of >80 mJ operating at pulse repetition frequency of 30 Hz during the third middle term research program 

(FY2011-FY2015).  NICT started the forth middle term research program in April 2016.  Main objectives of the fourth middle term 

research program are to develop a next-generation 2 um key technology and instrument for a future space-based coherent DWL, to 

investigate measurement performance using a space-based CDWL simulator, and to quantitatively assess potential impacts on numerical 

weather prediction using results of the space- based CDWL simulator.  In the paper, we introduce overview of the forth middle term 

research program at NICT.
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Mike Hardesty, W. Alan 

Brewer, Timothy Bonin, 

Kenneth Davis, Thomas 

Lauvaux, Daniel 

Sarmiento, A. J. Deng, 

Paul Shepson, Alexie 

Heimberger and James 

Whetstone

Coherent Lidar Characterization 

of the Boundary Layer in 

Estimation of Urban-Scale 

Greenhouse Gas Emissions

The Indianapolis Flux Experiment (INFLUX) aims to incorporate aircraft measurements, surface-based in situ and remote observations, 

and chemical transport models to improve greenhouse gas emissions estimates on urban scales.  During INFLUX we deployed a compact, 

continuously-operating coherent Doppler lidar to provide information on boundary layer winds, turbulence, and aerosol structure as 

input for the model and aircraft-based emissions calculations and for validation of model performance.  The lidar performs a repeating 

sequence of scans and stares to estimate the wind, horizontal and vertical velocity variance, and backscatter gradient profiles.   Using 

these observations, a robust algorithm has been developed to estimate boundary layer depth, a key parameter in the emissions 

calculations, under both daytime and nighttime conditions.  The presentation will discuss lidar performance, scan strategies, 

development and performance of the boundary layer depth algorithm, meteorological conditions observed, and use of the data for both 

model-based and top-down aircraft-based emissions estimates.
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Choukulkar, Aditya, Alan 

Brewer, Scott Gunter, 

Scott Sandberg, Ann 

Weickmann, Timothy 

Bonin and Julie K. 

Lundquist

Wind and Spatial Variability 

Measurements from Single and 

Multiple Doppler Lidar 

Techniques during the XPIA 

Field Campaign

Single and multiple Doppler techniques can be important tools in not only visualizing complex flow, but also understanding the 

underlying physical processes and improve flow modeling.  However, making such measurements is challenging and requires a thorough 

analysis of the measurement uncertainties to properly interpret the results.  The XPIA (eXperimental Planetary boundary layer 

Instrumentation Assessment) field campaign conducted at the Boulder Atmospheric Observatory (BAO) in Erie, CO from 2 March 31 May, 

2015 brought together a large suite of in-situ and remote sensing measurement platforms to evaluate complex flow measurement 

strategies.  In this presentation, wind measurements from single and multiple Doppler lidar and dual-Doppler TTU Ka-band radars will be 

intercompared during periods of overlap.  Estimates of spatial variability from each of these measurement techniques will be 

intercompared to understand the tradeoffs in terms of time/space resolution, spatial coverage and measurement uncertainty.
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Pichugina, Robert Banta 

and Raven Ahmadov

Evaluation of the WRF-modeled 

wind flow by scanning Doppler 

lidar measurements in the 

complex terrain of the Uintah 

Basin

Atmospheric models are important tools for assessing potential of wind energy sites, but the accuracy of these projections has not been 

properly validated. The study presents results of the WRF model validation by measurements from the High Resolution Doppler Lidar 

(HRDL) data obtained with high temporal and spatial resolution at heights of modern turbine rotors. HRDL data were collected from 

January 23-March 1, 2012 during the Uinta Basin Winter Ozone Study (UBWOS) field campaign. A model validation method was based on 

the qualitative comparison of the wind field images, time-series analysis and statistical analysis of the observed and modeled wind speed 

and direction, both for case studies and for the entire experiment. A statistical analysis includes the calculation of vertical profiles and 

time series of bias, correlation coefficient, root mean square error, and coefficient of determination between two datasets. The results 

from this analysis reveals where and when the model typically struggles in forecasting winds at heights of modern turbine rotors so that 

in the future the model can be improved for the industry
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l Viktor Banakh and Igor 

Smalikho

Lidar visualization of internal 

gravity waves

New method of estimation of wind velocity vector under the conditions of weak lidar echo signals is presented in the paper. It is shown 

that developed method provides 1.5 times increase of maximal height of wind velocity retrieval in the boundary layer of the atmosphere 

from low energy micropulse coherent Doppler lidar Stream Line  data as compared to known methods. The method was used in lidar data 

processing during 2015 one month experimental campaign in the coastal area of Baikal Lake intended on lidar visualization of stream 

flows and gravity waves.  During this lidar experimental campaign 7 events of internal gravity waves (IGW) appearance were observed. 

As a rule, IGW were originated in presence of one or two (in 5 events from 7) narrow stream flows at the heights of 200 and 700 meters 

approximately. Usually IGW time of life  was about 45 minutes, in one case the IGW existed during four hours. Period of oscillaLons was 9 

minutes approximately in 5 IGW events. One time it was 18 minutes and one time it was 6.5 minutes. Maximal amplitude of horizontal 

wind velocity oscillations during IGW was approximately 1 m/s. Vertical velocity oscillations maximal amplitude was 3 times less. The 

possibility of lidar visualization of IGW is demonstrated for the first time.
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Narasimha S. Prasad, 

Allen Tracy, Steve 

Vetorino, Richard Higgins 

and Russ Sibell

Innovative Fiber-Laser 

Architecture Based Coherent 

Wind Lidar

This paper describes an innovative, all-fiber, compact, and eyesafe coherent lidar system developed for wind and wake vortex sensing 

applications.  The all-fiber lidar with modular architecture incorporates an integrated 3D scanner that provides user programmable, 

continuous 360 degree azimuth and 180 degree elevation scan angles.  Operating at 1.54 microns, the lidar allows pulsewidth agility from 

50 ns to 400 ns with a variable PRF of up to 20 KHz.  The wind lidar is air cooled with overall dimensions of 30    cm x 46 cm x 60 cm and is 

designed as a Class 1 system.   This lidar is capable of measuring wind velocities greater than 120 +/- 0.2 m/s over ranges greater than 10 

km and with a range resolution of less than 15 m. In this paper, the key features of wind lidar instrumentation and its functionality are 

discussed followed by results of recent wind forecast measurements on a wind farm.
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Jiqiao Liu, Chen Weibiao, 

Zhu Xiaolei, Zhu 

Xiaopeng, Zhang Xin, Liu 

Yuan and Shi Wei

Development of 1.5 um all-fiber 

pulsed coherent Doppler wind 

lidar

A long-rangeeye-safe all-fiber pulsed coherent Doppler lidar (CDL) prototype at 1.54 um is developed to measure wind profiles. The laser 

is operated with 300Î¼J pulse energy and pulse width of 500 ns and pulse repetition rate of 10 kHz. The telescope optical diameter is 100 

mm. Spectra of 10 k pulses are accumulated to calculate the light of sight (LOS) wind speeds. The three-dimensional wind vector are 

retrieved every 20 seconds. Field experiments are implemented to validate the CDL performance, and the wind profiles are compared 

with balloon and wind profile radar. Good agreement is shown between the CDL and the balloon results with wind speed and direction 

errors of 0.73 m/s and 5.2°. Airborne wind lidar experiments are also successfully carried out in 2015, and the wind profiles are 

compared with aerological theodolite and ground based wind lidar. Airborne wind speed measurement error of lm/s is validated.
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Kurtz

Using multiple wavelengths for 

more precise detection of 

atmospheric wind phenomena

An all-fiber multi-wavelength coherent Doppler lidar system in MOPA configuration with feedback controlled pulse shaping was 

developed and applied to wind measurements. The multi-wavelength system was designed to work with four wavelength-channels, 

which allow measurements along the same line-of-sight with different channel configurations. Those channels can be different in pulse 

shape, pulse length, and pulse repetition frequency (PRF). The resulting advantages and possibilities using multiple channels are: (1) By 

using a combination of very short and long pulses the blind range can be minimized by simultaneously maximizing the measurable range. 

(2) All channels can be used simultaneously with the same pulse length and PRF to increase the effective PRF and therefore reduce the 

measurement time, enhance the detectability, or prevent ambiguity. (3) Atmospheric phenomena, such as wind shear and turbulence, 

can be investigated with higher resolution using different pulse lengths and shapes.
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Songhua Wu, Liu Bingyi, 

Jintao Liu, Zhai Xiaochun, 

Feng Changzhong and 

Song Xiaoquan

Wind Turbine Wake 

Characterizing using Coherent 

Wind Lidar

Wind power is growing fast as one of the most promising renewable energy sources. When the wind turbine generator (WTG) extracts 

power from the wind, the wake evolves and leads to a considerable reduction in the efficiency of the actual power generation. The wake 

effect also leads to the increase of fatigue loads that reduce the life time of WTGs. In this work, a pulsed coherent Doppler lidar (PCDL) is 

used to characterize the WTG wakes, which has high updating rate of 4 Hz and variable spatial resolution from 15 to 60 m. Field 

experiments were performed in the onshore and offshore wind parks from 2013 to 2015. Techniques based on a single and a dual 

Doppler lidar were employed for elucidating main features of turbine wakes, including velocity deficit, wake dimension, velocity profile, 

2D wind vector, turbulence dissipation rate and turbulence intensity under different conditions of surface roughness.
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Matthieu Boquet, Jean-

Pierre Cariou, Philippe 

Royer, Vincent Pureur 

and Megan Smith

Long range off-shore wind 

assessment by high power 

scanning Lidars

A specific and world-premier set-up for evaluating the potential of long-range scanning Doppler Lidar to serve wind energy applications 

has been organized by the CarbonTrust (UK) in the Dublin bay, Ireland. In this experiment the scanning Lidars are located on the Dublin 

bay shore and measure over the sea. Leosphere has deployed 2 scanning Lidars: the standard WINDCUBE 400S product and a prototype 

that is designed to considerably increase the measurement range. Additionally 3 vertical profiler WINDCUBE Lidars are located at ranges 

from 6 to 14 km from the scanning Lidars, offering the possibility to wind speed measurement accuracy comparison. In this paper we 

propose to show the different Lidars performances in term of measurement ranges and wind speed accuracy, and analyze the specific 

atmospheric conditions that contributes to the different performances between the standard product and the prototype scanning Lidar.
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Pichugina, A. Brewer, C. 

Clack, R. Banta, A. 

Choukulkar and J.Olson, 

M. Marquis

Atmospheric features as 

captured by scanning Doppler 

lidar and predicted by NWP 

modelling systems in complex 

terrain

This study presents case studies of atmospheric features, captured by scanning Doppler lidar measurements during the Wind Forecast 

improvement Project-2 (WFIP-2) in the complex terrain of Columbia River Gorge. This 18-month long project, sponsored by DOE, is 

aiming to improve model forecast of wind flow complicated by mountain terrain, coastal effects, and presence of numerous wind farms 

in this area. The high-precision Doppler lidar data are being used to validate NWP model ability to predict wind flow at the heights of 

turbine rotor layer and above. Deployment of two identical lidars on separated sites along prevalent wind directions, provides 

opportunity to obtain data upstream and downstream of the local wind farms, and analyze their overall impact on wind flow. Preliminary 

results on lidar captured wind flow features, along with examples of model validation by lidar data, will be presented.
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John A. Smith

Simultaneous Na and Fe Doppler 

lidar measurements of wind and 

temperature at Table Mountain

We present the simultaneous and common-volume Na and Fe Doppler lidar measurements of wind and temperature in the mesosphere 

and lower thermosphere (MLT) at Table Mountain Lidar Observatory, north of Boulder. This is the first ever measurements of the MLT 

region with two resonance Doppler lidars simultaneously, providing a unique opportunity to compare the two state-of-the-art Doppler 

lidar technologies. The simultaneous and common-volume data also enable the study of the two different meteoric metal species (Na 

and Fe) and how they respond to various thermal and dynamical factors.

T5 9:40 20

O
ra

l John Smith, Xinzhao Chu, 

Jian Zhao and Cao Chen

Progress on a whole-

atmosphere wind and 

temperature lidar

We report progress on development of a whole-atmosphere  wind and temperature lidar, which pairs an Fe Doppler lidar transmiQer with 

a Rayleigh Doppler receiver. Significant stability improvements have been made to the original receiver, allowing us to report initial sky 

tests for the first time. This second iteration of the Lower Atmosphere Receiver Subsystem (LARS 2) consists of a field-widened Mach-

Zehnder with an optical path length difference optimized for sensitivity to Rayleigh scattering. Use of the three available frequencies of 

the Fe Doppler base lidar enables a bias-free estimate of the Doppler shift. Improved mounts and a secondary chamber to further limit 

turbulence within the cavity of the interferometer are shown to improve the long- and short-term stability. It is hoped that this receiver 

architecture, by providing background wind information below the Space-Atmosphere Interaction Region, will help us to better 

understand the coupling between the lower atmosphere and space.
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Gary Spiers, Robert T. 

Menzies, Joseph Jacob, 

Sven Geier and Santos 

Fregoso

A review of 10 years of CO2LAS 

flights

The CO2LAS Laser Absorption Spectrometer has been flying for 10 years measuring the weighted, column averaged carbon dioxide 

concentration between an aircraft and the ground using a continuous-wave heterodyne technique operating at a wavelength of 2.05 

microns. Initially flying on a Twin Otter the instrument now flies on the NASA DC-8. We provide an overview of the instrument 

development and changes that have occurred over that time, review the results of the flights undertaken to date and discuss the 

practical challenges of making an accurate integrated column measurement of carbon dioxide. We conclude by looking forward to future 

improvements for the instrument and approach.
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Airborne IPDA lidar 

measurements: Factors in 

optimizing measurement 

sensitivity and precision

The JPL CO2LAS airborne instrument is an IPDA lidar with a coherent detection receiver that is used for atmospheric CO2 measurements. 

Since the objective is high accuracy retrievals of column CO2, dealing with environmental variables, along with speckle-induced 

fluctuations, is a major consideration. Surface reflectance is an inherent data product.  In fact it is an essential dataset used in the 

algorithm for high accuracy retrieval of the CO2 column abundances.  We discuss the use of reflectance statistics for tuning the 

differential absorption retrieval algorithm to optimize sensitivity to CO2 sources and sinks of various spatial scales.  Extensions to 

measurement of other atmospheric constituents are included.
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Upendra Singh and  

Michael Kavaya

Development of an airborne 

triple pulse 2  um integrated path 

differential absorption lidar 

(IPDA) for simultaneous 

airborne column measurements 

of carbon dioxide and water 

vapor in the atmosphere

This presentation will provide status and details of an airborne 2-um triple-pulse integrated path differential absorption (IPDA) lidar 

being developed at NASA Langley Research Center with support from NASA ESTO Instrument Incubator Program. The development of 

this active optical remote sensing IPDA instrument is targeted for measuring both atmospheric carbon dioxide and water vapor in the 

atmosphere from an airborne platform. This presentation will focus on the advancement of the 2 micron triple-pulse IPDA lidar 

development. Updates on the state-of-the-art triple-pulse laser transmitter will be presented including the status of seed laser locking, 

wavelength control, receiver and detector upgrades, laser packaging and lidar integration. Future plan for IPDA lidar system for ground 

integration, testing and flight validation will also be presented.
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Masaharu Imaki, Kojima 

Ryota, Yanagisawa 

Takayuki and Kameyama 

Shumpei

Preliminary study on ground 

based coherent differential 

absorption lidar for vertical 

profiling of water vapor density 

using 1.53 um wavelength

We performed preliminary study on a ground based coherent differential absorption lidar for vertical profiling of water vapor density 

using 1.53 mm laser wavelength. A coherent lidar has an advantage in daytime measurement compared with incoherent lidar because 

the influence of background light is greatly low. In addition, the lidar can simultaneously measure wind speed and water vapor density. 

Although an absorption coefficient of 1.5 mm wavelength region is lower than one of 0.8 mm wavelength region which has been used 

widely in the past literature, it is suitable for long range measurement. We assumed the atmospheric condition using the fast 

atmospheric signature code (FASCODE), and estimated the measurement accuracy using coherent lidar equation. Simulation results 

show a 10 % accuracy of water vapor density from an altitude of 0.1 km to 5 km with 10 minutes average. In this paper we discuss the 

concept, configuration, and simulation results of the lidar.
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Sean Coburn, Caroline 

Alden, Robert Wright, 

Gregory Rieker, Kevin 

Cossel, Garwing Truong, 

Esther Baumann, 

Subhomoy Ghosh, 

Kuldeep Prasad,  Nathan 

Newbury and Ian 

Coddington

Dual frequency comb 

spectroscopy and atmospheric 

modeling for the detection of 

methane leaks at oil and gas 

production sites

We present the development of a dual frequency comb spectrometer (DCS) system with the potential to locate and size methane leaks 

from oil and gas production sites over extended periods of time. The DCS system has been optimized for broadband high-precision 

measurements of methane over kilometer scale open paths. These measurements will then seed an atmospheric inversion which utilizes 

local meteorology and a high resolution fluid dynamics simulation in order to retrieve methane leak locations and leak rates.  Initial 

demonstrations of the instrument and techniques will be presented.  In the long term, the system will be deployed at the Boulder 

Atmospheric Observatory (BAO) site, which is optimal for assessing the measurement and inversion methods under realistic conditions, 

e.g., highly variable background and high oil and gas production site density.
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Aniceto Belmonte
A Measure of Flow Vorticity with 

Twisted Beams of Light

The measurement of vorticity, a parameter providing local measurements of rotation at every point in a flow, would greatly assist 

research fields as diverse as biology microfluidics, complex motions in the oceanic and atmospheric boundary layers, and wake 

turbulence on fluid aerodynamics. However, the precise measurement of flow vorticity is difficult. Here, we devise an experiment in 

which the local vorticity of a flow can be estimated by probing the fluid with Laguerre-Gauss beams, optical beams that show an 

azimuthal phase variation that is the origin of its characteristic non-zero orbital angular momentum. The key point is to make use of the 

transversal Doppler effect of the returned signal that depends only on the azimuthal component of the flow velocity along the ring-

shaped observation beam. We found from a detailed analysis of the experimental method that probing the fluid with LG beams is an 

effective and simple sensing technique capable to produce accurate estimates of flow vorticity.
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Yoo

Photonic Integrated Circuit 

Technology for Coherent Lidar

A decade ago integrated photonic devices typically consisted of single components that fulfilled one specific function, such as phase 

modulation or splitting into N beams. In the intervening years photonic integrated circuits (PICs) have undergone a revolution in terms of 

component functions, loss reductions, and high level functional integration. This has in part been driven by the development of device 

designs compatible with conventional CMOS fabrication processes. We are now at a point where component diversity, low losses, and 

low cost fabrication enables us to consider development of coherent laser radar systems based around PIC technology. In this talk we 

will highlight some of the current developments in the PIC domain, with an emphasis on technology elements applicable to coherent 

laser radar systems. Examples include narrowband lasers, frequency shifters, beam distribution networks, and large angle photonic 

beam steering.
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Marron and Brian F. 

Boland

Coherent Detection with an 

Asynchronous Geiger Mode 

Array

Large format arrays of coherent detectors enable several advanced EO sensing modes including aperture synthesis, turbulence 

compensation and velocity sensing. Coherent detector arrays that operate in a linear mode are desirable; however, they are often 

impractical because read-outs offering sufficient pixel density and A/D rates are not available.  Photon-counting coherent detector arrays 

based on Geiger-mode Avalanche Photo-Diode (GmAPD) arrays are attractive because they offer large array format, and the output is 

digitized via the photon arrival times.  Furthermore, asynchronous GmAPD arrays offer improved blocking efficiency which in turn 

improves the frequency fidelity. In fact, the response time of an asynchronous GmAPD macropixel exceeds the reset time of the 

individual detectors. In this paper we present the results of analysis, modeling and experiments that show the performance levels 

attainable with asynchronous GmAPD arrays.
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Ono, and Toshiyuki Ando

Pulsed serrodyning technique as 

applied to wind sensing 

coherent Doppler LIDAR

We have developed a new pulsed-coherent light source for wind sensing, combining a semiconductor optical amplifier (SOA) with a 

phase modulator operated at serrodyning mode.  The SOA-based light source has potential advantages of its small footprint, monolithic 

integration and gain properties, however, inevitably occurs frequency chirp, inducing offset errors of wind velocities.  We have 

demonstrated the correction of such frequency chirp by using phase modulation with sawtooth waveform, so called optical serrodyning 

technique.  The preliminary experiments are also presented for measuring line of sight wind velocities which clearly demonstrate the 

validity for correction of frequency chirp in transmitting pulses.

T16 15:40 20

O
ra

l Toshiyuki Ando, Eisuke 

Haraguchi and Hitomi 

Ono

New coherent Doppler Lidar 

engine integrating optical 

transceiver with FPGA signal 

processor

A new coherent Doppler lidar engine has been developed for wind sensing.  This new sub-system is consist of a compact optical 

transceiver board stacking on a FPGA based signal processor board which has small foot print of 26 x 10 cm.  In the optical transceiver 

board a pulsed serrodyning transmitter combined with a heterodyning receiver using commercial off the shelf components of the digital 

coherent optical communication.  In the signal processor board, a system on chip embedded processors and a FPGA is used for not only 

controlling the optical transceiver but also executing lidar data processing without any external host computer, leading to realization of 

an ultra-compact wind sensing system.  Preliminary experiments of line of sight wind velocities with this new lidar sub-system also 

presented for demonstration.
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Shubhashish Datta

Single and Dual Polarization 

InGaAs Optical Coherent 

Receivers for Coherent LADAR

We have manufactured single as well as dual polarization optical coherent receivers that comprise of InGaAs Balanced Receivers and an 

Optical Hybrid.  The bandwidth of InGaAs Balanced Receivers is up to 20 GHz with a wavelength coverage of 1200 nm to 2200 nm.  The 

single polarization coherent receiver contains two balanced receivers and a single polarization 90 degree optical hybrid; whereas the 

dual polarization coherent receiver contains four balanced receivers and a dual polarization 90 degree optical hybrid.  The optical hybrids 

have limited wavelength coverage, mainly from 1530 to 1610 nm, and could be customized for 2000 nm operation.  The InGaAs Balanced 

Receivers offer several features such as user-adjustable RF Gain, Bandwidth, and mode of operation (Automatic Gain Control [AGC] or 

Manual Gain Control).  The AGC mode with a programmable differential voltage output up to 750 mV peak to peak compensates 

atmospheric fades and maximizes Effective Number of Bits (ENOBs) for backend  digital signal processing.
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Samuel Thurman, Alan 

Duncan, Richard L. 

Kendrick, Chad Ogden, 

Danielle Wuchenich, 

Tiehui Su, Shibnath 

Pathak, Wei-Cheng Lai, 

Roberto Proietti, Ryan P. 

Scott and S. J. B. Yoo

Imager based on integrated 

photonics

Recent advances in photonics allow drastic size reductions in various systems. Optical functions that used to require several bulk 

elements can now be implemented on a single photonic chip using lithographically fabricated components. We will describe a thin 

imaging system concept based on a photonic implementation of Michelson stellar interferometry.
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G. D. Emmitt, Chris 

O'Handley, Steve Greco, 

Ralph Foster, Dylan Reif 

and Robert Bluth

The multiple uses of the Navy's 

Twin Otter Doppler Wind Lidar 

(TODWL) for atmospheric 

research

The Twin Otter Doppler Wind Lidar (TODWL) has been used for more than 15 years in numerous research projects sponsored by NASA, 

DoD and NOAA. As an airborne instrument, TODWL has been used to conduct studies on Marine Boundary Layer jets and rolls, C17 

aircraft wing tip vortices, mountain meteorology and numerical model validation. As a ground based instrument, it has been combined 

with an X band radar to pursue tornadoes (2013 in VORTEX) and study elevated gravity waves (2015 in PECAN). We will describe the 

TODWL system (and its latest augmentation with a HALO lidar) and some of the major findings from the primary campaigns.
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G. D. Emmitt, Chris 

O'Handley, Robert Atlas 

and Jun.A. Zhang

Airborne DWL on NOAA's 

hurricane reconnaissance P3: 

2015 missions

The Airborne DWL (ADWL) that had been flown on a Navy  NRL P3 in 2008 was installed on NOAAs N43 P3 for flights during the 2015 

hurricane season. This is the first time an ADWL has been used successfully by NOAA  in its Hurricane Forecast Improvement Project.  The 

ADWL is an airborne version of LMCT's coherent  1.6 micron WindTracer built for the US Army.  This paper will focus on the instrument, 

its performance in 2015 and the plans for its use in the 2016 season.  This paper is a companion to other papers being submitted that will 

focus upon the utility of the ADWL data collected during two tropical disturbances.
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Wu Yanwei,  Chen Siying, 

Yinchao Zhang, Chen He 

and Guo Pan

Estimation and Comparison of 

Spectrum Parameter Using 

Various Spectral Estimation 

Methods on Doppler Lidar

A detailed study of subspace-based nonparametric spectral estimation method has been carried out for de-noising the atmospheric 

signal. The underlying principle is to decompose the vector space of the noisy signal into a signal subspace and a noise subspace. The 

decomposition can theoretically be performed by applying Gerschogorin radii estimation (GDE), which has unique advantages to detect 

the number of space source signal specifically in the weak-signal regime. The approach is proven to be a good alternative to Fast Fourier 

Transform (FFT) algorithm when echoes are buried in noisy environment as well as to improve SNR in various height due to its de-noising 

capability. By an empirical model for the probability density function (PDF) of the mean frequency estimators, this approach shows 

distinct superiority with lower standard deviation of good estimates and fraction of uniformly distributed bad estimates than FFT 

estimation algorithm.

P6 18:00 180

P
o

st
er Albert Toews and Alfred 

Kurtz

Setup of the four-wavelength 

Doppler lidar system with 

feedback controlled pulse 

shaping

An all-fiber four-wavelength coherent Doppler lidar system in MOPA configuration with feedback controlled pulse shaping was 

developed. Four cw-lasers tuned to wavelengths of the ITU-grid near 1550 µm are multiplexed and guided to the detector unit to serve 

as local oscillators (LO) and to the pulse-shaping unit. In this unit the demultiplexed cw-wavelengths are individually modulated and 

collectively frequency shifted. The pulses seed a three-stage erbium-doped fiber amplifier. The feedback controlled pulse-shape unit 

(FCPS) controls pulse energy and the shape of the amplified pulses and detects the onset of the back propagating SBS-wave. Application 

of FCPS results in a higher output energy, because of optimized pulse shapes and long term stability. The received multi-wavelength lidar 

signals are demultiplexed and mixed with the corresponding LO on a balanced detector and digitized. The data processing is performed 

using the graphical processor of a PC.
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Application of ceilometer 

backscattering on PM2.5 

estimation

A non-linear regression model combining AOD and near surface ceilometer backscattering for estimation of PM2.5 is developed and 

tested based on 6 years ground measurements from HUBC (Howard University Beltsville Campus) facility. Overall, the non-linear model 

explains ~60% of the variability in hourly PM2.5 which is a large improvement to the linear model using AOD alone (~40% of the 

variability). The ceilometer measured near surface backscatter is found to improve the estimation of PM2.5-AOD relationship the most 

compared to other factors, such as aerosol size indicator, surface temperature, relative humidity, wind speed and pressure especially 

when AOD is large (AOD = 0.3). The model is also tested based on measurements from ARM SGP site and the nearest EPA site and the 

results show the significant role of the ceilometer near surface backscatter on estimation of PM2.5. This study illustrated the potential of 

ceilometer on investigation of air pollution. 
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Demonstration of the automatic 

beam alignment using received 

signal for a wind sensing 

coherent lidar

We have demonstrated the automatic beam alignment using a receiving signal for a wind sensing coherent lidar. Since this lidar adopts a 

coherent detection method in order to realize the shot-noise-limited receiving sensitivity, the receiving field of view is significantly 

narrow; consequently, highly precise alignment of the optical axis is required. Meanwhile, especially for the airborne application, the 

receiving sensitivity decreases easily due to the misalignment between the optical axis for transmitting and receiving beams which could 

be generated by a temperature change, Vibrometry, and so on. To avoid this issue, we have developed a function of automatic beam 

alignment by analyzing the signal to noise ratio of a received signal. Here, we explain the function and algorithm of automatic beam 

alignment, and show the result of bench-top test of this function.
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Observations of Water Vapor 

Flux using coherent wind lidar 

and Raman Lidar in the Tibetan 

Plateau

As a part of the third Tibetan Plateau Experiment of Atmospheric Sciences (TIPEX III) in China, a coherent wind lidar and a Raman lidar 

and were operated in the Tibetan Plateau in summer of 2014. Using concurrent measurements of vertical wind speed profiles from the 

coherent wind lidar and water vapor mixing ratio profiles from the Raman lidar and radiosonde observations, we calculated the vertical 

flux of water vapor that indicates the water vapor transport through updraft and downdraft. The fluxes were for a case at night with 

large-scale non-turbulent upward transport of moisture. It is the first application, to our knowledge, to operate continuously 

atmospheric observations by utilizing multi-disciplinary lidars at the altitude higher than 4,000 meters, which is significant for research 

on the hydrologic cycle in the atmospheric boundary layer and lower troposphere in the Tibetan Plateau.
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Digital Phase Correction of a 

Partially Coherent Sparse 

Aperture System

Sparse aperture phasing can be difficult due to hardware misalignments and atmospheric turbulence.  Common synthesis techniques 

include incoherent and coherent methods using passive and active illumination respectively.  We present a partially coherent technique 

that can use either active or passive illumination to digitally correct for piston phase errors.  An anamorphic pupil relay causes two 

closely spaced apertures in the entrance pupil to appear to be shifted apart in the exit pupil.  The cross-correlations between apertures 

are dependent on the piston phase errors.  A piston correction algorithm shifts the cross-correlations to their original positions and 

corrects phase errors.  The constant spatial separation causes a varying spatial frequency shift per wavelength which is referred to as 

field dependent contrast (FDC).  Also, there is an the inverse relationship between system bandwidth and optical path distance (OPD) 

tolerances.  Future work could include a system analysis, FDC corrections with diffraction gratings, and digital anisoplanatic corrections.
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Short-wave infrared 

compressive imaging of single 

photons

Single-photon detectors offer high-timing resolution and detection at the shot-noise limit, therefore allowing probing of a system with a 

small photon-flux and good timing resolution. For imaging, there is no array of single-photon sensitive detector technology available 

beyond 1700 nm. Silicon based technologies are available in the range of 400 nm - 1000 nm and InGaAs based technologies are sensitive 

out to 1700 nm. The time-of-flight of a single photon can be utilized for 3D-ranging applications and also allows for low return photon-

flux imaging of scenes. When knowledge of the emission spectrum is included, gas trace analysis with high sensitivity at a distance may 

be made feasible. Utilizing superconducting nanowire single photon detectors and compressive imaging, we demonstrate that megapixel 

resolution, sub-nanosecond imaging in the short-wave infrared region. This technology should open new avenues for the purpose of 

trace gas sensing, fast process (fluorescent) imaging, 3D imaging and hyper- or multi-spectral imaging.
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Development of 1.55 um 

coherent lidar for wind and 

wake vortex sensing

A fiber laser with pulse energy of 120 uJ, pulse repetition frequency of 10 kHz and pulse width of 350 ns is employed to develop the 1.55 

um coherent lidar for wind and wake vortex sensing. By taking the advantage of the principle of back-propagated local oscillator (BPLO), 

the optimal truncation ratio of the telescope is calculated. The effect of the aperture of the telescope on the carrier-to-noise ratio (CNR) 

of the coherent lidar is analyzed on the condition of the optimal truncation ratio. The design parameters of the telescope are optimized. 

In order to solve the problems of huge volume backscattering signal data and time-consuming calculations when retrieving wind velocity 

in high repetition frequency coherent lidar, a parallel retrieval algorithm based on multicore digital signal processor (DSP) is proposed. 

The detection range of 3600 m in line of sight is realized at frequency of 1 Hz
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Lidar Measurements of summer 

Dust transport in 2009 at 

Gadanki (13.45°N, 79.17°E)

Dual Polarization lidar (DPL) observations have been carried out for the elevated dust layer transport over Gadanki (13.450 N, 79.170 E) 

during the summer time from March to May of 2009. The dust layer occurrence, height distributions and transport processes have been 

investigated. The lidar observations were validated with the simultaneous data from radiosonde observations and model values and for 

understand the origin of these dust layers, hysplit trajectory analysis were performed. Five clear air cases were considered for the 

current study. It is found that the transported layer originated from the Saharan region have depolarization ratio between 0.2 and 0.3 

and the layer originated from the Bay of Bengal have depolarization ratio between 0.3 and 0.4. A correlation of lidar integrated signal 

with the relative humidity indicates a possibility of modification of dust particles by moisture during the transport process.
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Marine Atmospheric Boundary 

Layer Study Based on Coherent 

Wind Lidar Measurements

The coherent Doppler Lidar (CDL) has high spatial and temporal resolution measurements of the Marine Atmospheric Boundary Layer 

(MABL). This paper introduces CDL observations to investigate the diurnal evolution of MABL over the Yellow sea in 2014. The MABL 

height is retrieved from the Signal-to-Noise-Ratio and vertical velocity variance profiles. In order to diagnose the source and structure of 

the turbulence, the higher-order vertical velocity statistics are analyzed in cloudless and cloudy conditions, respectively, suggesting that 

the skewness is a very useful statistic to understand the turbulence structure. The vertical turbulence intensity with 10-min averaging 

period are also retrieved to understand the relationship between the mean horizontal wind velocity and the turbulence intensity. In 

addition to vertical profiles, the atmospheric turbulent dynamics parameters can also be retrieved from the 3D scanning measurements, 

including the turbulence dissipation rate, integral length scale and so forth.
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Measurement of winds using 

backscatter lidar

Backscatter lidar offers a simple method of measuring wind speeds in optically clear air. This technique involves an applied statistical and 

signal processing method known as cross-correlation. This method is an established practice, however, the lidar needs to be operated at 

low elevation angles to cater aerosols motion in the horizontal direction [Eloranta et al., 1975]. This scheme contains a pulsed laser that 

directs a narrow light beam into the atmosphere. As the pulse of light radiation propagates, it interacts with tiny aerosol particles, which 

scatter radiation back toward the lidar system. Aerosols are freely suspended particles in air and have no self weight. Hence these 

particles move along with the background winds. The laser backscattered radiation received from particles in motion contains Doppler 

information. The wind deriving procedure from lidar utilizes a time series data and evaluates the strength and direction between time-

lagged relations between signals. However, better estimates requires improved lidar signal to noise ratio. Towards this, sometimes, 

spatial averaging of lidar scans is required. In this paper, we discuss the technique and the method of deriving the boundary layer winds 

from lidar signals over a tropical site in India. The lidar data obtained at lidar site also discloses additional information such as altitude 

distribution of clouds, elevated aerosol layers, BL height/ stable layering etc. Reference Eloranta et al., (1975). "The Determination of 

Wind Speed in the Boundary Layer by Monostatic Lidar ", Journal of Applied Meteorology, 14, pp 1485.
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Seeder-injected pulsed laser 

using EOM for Lidar applications

A stable single-frequency pulsed laser is a critical element for lidar applications, such as high spectral resolution lidar, direct detection 

Doppler wind lidar and so on. We have designed a laser diode dual-end-pumped, single-frequency Q-switched Nd:YAG laser with 1064 

nm wavelength output for the laser transmitter of lidar. Injection seeding is performed by utilizing an electro-optic phase modulator. 

Specifically, a RTP crystal is used to modulate the salve cavity length based on the delay-ramp-fire method. The laser is capable of 

generating 7.5 mJ pulse-energy with 14-ns pulse width, 45 MHz linewidth at 900 Hz repetition rate. The frequency jitter is less than 1.1 

MHz over two minutes and the beam quality factor M2 is approximately 1.3. This seeder injected laser is capable of operating at high 

repetition rate with high frequency stability and nearly Fourier-transform-limited linewidth. It is believed a good candidate for lidar 

applications.
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Optical quadrature detection for 

a coherent pulsed wind lidar

Coherent pulsed wind lidar usually determine value and sign of wind speed thanks to a frequency shift provided by  an acousto-optic 

modulator. The maximum measurable speed is then limited by half of the bandwidth. Noise whitening is performed for each range gate 

by subtracting noise spectrum to the signal spectrum. This last step is time consuming, is adding noise and could suffer from residual 

signal.  In this paper we present the use in a pulsed lidar of an all optical hybrid detector module, formerly developed for coherent 

telecommunications. The main advantages of quadrature detection are to determine the sign of wind speed without frequency shift, and 

to flatten the noise floor without additional noise acquisition, for a better frequency estimation.  We present a simple statistical 

estimation on performance gain using heterodyne quadrature detection. Experimental procedure in pulsed mode and comparison 

results of performance with classical detection are also presented.
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Range simulation of coherent 

wind Doppler lidar

The data availability of measurement provided by atmospheric sensors is of critical importance in many applications such as assimilation 

into NWP models. Pulsed Doppler lidars as any other atmospheric sensors have measurement performances that depend on local 

weather conditions and instrumental configuration. For designing LIDARs ground-based observation networks, assessing the 

performances of range is thus important to ensure the best configuration and location of the LIDAR systems.  A LIDAR simulator has been 

developed for assessing the measurement range and the data availability of coherent wind Doppler LIDAR systems worldwide. This 

simulator takes into account both the LIDAR parameters (instrument hardware, signal processing, beam propagation) and the aerosol 

properties provided by Monitoring Atmospheric Composition & Climate project.  We will present the methodology used to simulate the 

data availability. Some Measurement campaigns with vertical profilers and long-range scanning lidars at selected locations will also be 

used to validate the simulation and estimate the remaining uncertainties between simulated and observed results.
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Capabilities and Benefits of 

Coherent Doppler LIDARs for 

Future Weather Observing 

Networks

One main challenge for improving local weather forecasts, especially severe weather events, comes from the difficulty in accurately 

establishing  initial conditions of high resolution numerical models (below 2 km). This paper will study the potential use of Coherent 

Doppler LIDARs as profilers or as scanning sensors, to provide accurate and high resolution observations at regional and local areas. 

Firstly, the intrinsic performances of Doppler LIDARs will be presented: data availability in various weather conditions, measurement 

range, installation challenges and accuracy of wind measurements. Secondly, the paper will subsequently describe the use of Scanning 

LIDARs to better monitor severe storms  with a trial performed in Queensland, Australia and to improve local weather forecasts with a 

trial performed at a French airport where the LIDAR wind data have been assimilated.
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First Micro-Pulse Lidar System 

(MPL) in New York City: 

Measuring Aerosol and Cloud 

Vertical Structure

Micro pulse Lidar (MPL) is an eye-safe elastic backscatter Lidar, developed at NASA, deployed at a number of locations worldwide for 

autonomous aerosol and cloud monitoring required for Atmospheric studies and climate change investigations.  This paper will report on 

the first polarization MPL system in New York City located at the City University of New York (40.74° N, 73.93° W). MPL operation, setup, 

data collection and correction will be introduced. Preliminary results and analysis of full time distribution for cloud vertical structure 

above NYC will be discussed. Applications of the MPL tow-polarization channels will be investigated.  Potential future studies and 

collaborations in protecting NYC against environmental disasters by employing more devices along with MPL real-time data will be 

emphasized. For pedagogical purposes, an experimental module was developed to be implemented in the new Earth System Science and 

Environmental Engineering (ESE) track/curriculum. More details about the MPL module will be presented.
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Improve Lidar SNR in Biaxial 

Systems: Simulation to Examine 

the Overlap Function and the 

Receiver Aperture Alignment 

Lidar daylight measurements are limited by sky background noise (BGN). Reducing the BGN is essential to improve Lidar signal-to-noise 

ratio (SNR). The main objective of this paper is to optimize the signal to noise ratio in a biaxial Lidar system by improving the geometrical 

design of Lidar receiver.  A series of simulations and modeling to calculate the overlap area between both the transmitter and the 

receiver field of view (FOV) was conducted for a vertically pointing Lidar to determine optimal receiver aperture shapes within four 

different lidar ranges.  Results show that varying receiver aperture shape, position, and size that accommodate all backscattering return 

signals over a given Lidar range, while at the same time minimizing detected BGN will maximize Lidar SNR. This approach of improving 

Lidar SNR can be translated to an improvement in Lidar attainable range for backscatter schemes including Raman Lidar and Differential 

Absorption Lidar (DIAL).
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Stratosphere wind and 

temperature measurements 

using a Rayleigh Doppler lidar in 

mid-latitude area of China

Since the 60 km mobile Rayleigh Doppler lidar of University of Science and Technology of China had been developed in 2013, more than 

100-days valid nighttime wind and temperature data with time resolution of 30 minutes and height resolution of 200 m & 1 km (below & 

above 40 km, respectively) was obtained during recent 3 years.  The observation locations cover the northwest (mid-latitude) of China: 

Delhi (37.371° N, 97.374° E), Xinzhou (38.425°N, 112.729°E) and Jiuquan (39.741°N, 98.495°E). Recently, we extract the perturbations of 

the wind and temperature profiles of this database and have found gravity activities of the wind field. Several gravity waves cases of 

wind field are shown in this paper and typical characteristics of the gravity waves are analyzed in this mid-latitude area of China. This 

kind of gravity wave observation of stratosphere wind field is rare in the world and is significant for the study of atmospheric dynamics.
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Comparison of the lidar, 

radiosounding and radar 

measurements of wind vertical 

profiles 

Measurements of vertical profile of speed and direction of wind in the Resources Center  "Observatory of Environmental safety", 

Research Park of the St. Petersburg University in the center of the big city during 2013-2015. A pulsed Doppler wind lidar is used for 

measuring the vertical profile of wind characteristics. Height of laser wind sounding is up to 3 to 4 km, depending on weather conditions. 

The results are compared with data of radiosounding at meteorological service in Voeikovo and radar measurement in centimeter range 

at Pulkovo airport. Observations are taken synchronously with the schedule of a station in Voeikovo station. The distance between the 

points of observation are 25 km (to Voeikovo station) and 15 km (to airport Pulkovo). As from one hand for the centimeter range 

sounding the presence of clouds is required, and from the other hand thick clouds is the disruption factor for lidar sounding, cases with a 

thin broken clouds are chosen for consideration. The comparison was conducted with assuming a homogeneity of the wind field in the 

indicated scales. A good agreement is observed between the vertical profiles of wind, obtained by three methods in many cases. 

However, it should pointed cases where the results differ sharply or at high altitudes, or, on the contrary, in the surface layer. The 

coefficients of correlation for different altitudinal ranges in different directions are obtained. The influence of meteorological 

parameters on the degree of coincidence of data with different instruments is analyzed. The results of the comparison and possible 

explanations for differences in measurement data are presented. Acknowledgments: The equipment of the Resources Centre 

Observatory of Environmental Safety  of Research Park, St. Petersburg State University has been used in the study. Agreement No. 

14.574.21.0088 from the 16.07.2014 (topic: Conducting applied research on the development of an automated information system for 

monitoring and forecasting the balance for urban storm water drainage systems") in the framework of realization of the Federal target 

program "Research and development on priority directions of development of scientific-technological complex of Russia for 2014 - 2020" 

(a Unique identifier for applied scientific research (project) RFMEFI57414X0088).
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Correction of the single 

scattering approximation for 

cloud lidar sounding 

The lidar equation is derived with the single light scattering that is valid for cloudless atmosphere. This approximation is failed in clouds 

even for small optical thickness because of multiple scattering. Here we propose an approach for removing the multiple scattering 

contributions from received signal. Then the standard procedure might be accomplished for retrieving microphysical parameters. The 

contribution of multiple scattering is taken into account with special correction coefficient as a function of three atmosphere 

parameters: optical thickness, single scattering albedo (probability of quantum surviving), phase-function parameter of cloud. The 

calculations of the correction coefficient over the grid of initial parameters for the not optically thick cloud (optical thickness less than 5) 

are accomplished. The coefficient is used for correction of the received laser signal. Analysis of the proposed approach accuracy 

depending on cloud thickness is presented. Acknowledgments: The equipment of the Resources Centre Observatory of Environmental 

Safety  of Research Park, St. Petersburg State University has been used in the study. Agreement No. 14.574.21.0088 from the 16.07.2014 

(topic: Conducting applied research on the development of an automated information system for monitoring and forecasting the 

balance for urban storm water drainage systems") in the framework of realization of the Federal target program." Research and 

development on priority directions of development of scientific-technological complex of Russia for 2014 - 2020" (a Unique identifier for 

applied scientific research (project) RFMEFI57414X0088).
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The formation of high-intensity 

light bullet sequence in 

femtosecond laser pulse

An effect of group velocity dispersion in transparent dielectrics and laser impulses power on laws of the formation of light bullet 

sequence with high spatiotemporal light field localization was numerically studied in work. It was found that the number of light bullets 

in a wave packet depends on the relation between parameters of similarity, which determine the pulse self-compression under 

conditions of anomalous group velocity dispersion and self-focusing of laser beam. It is shown that peak intensity in light bullets doesn't 

depend on initial intensity of pulse and increases with increasing of photo-ionization process multiphoton order, exceeding 

100TW/cm^2. Obtained results could be generalized to the problem of transportation in atmosphere high-fluence energy by Mid-IR laser 

pulses.
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Investigation of vertical 

wavenumber and frequency 

spectra of gravity-wave-induced 

vertical wind and temperature 

perturbations

High-precision vertical winds measurements in mesosphere and lower thermosphere (MLT) are difficult to obtain. However, their 

spectral characteristics can provide important insights into the mechanisms that are primarily responsible for wave damping and 

dissipation in the atmosphere. The observed spectral shape of the vertical wind perturbations can be used to test whether the diffusive 

filtering plays a crucial role or a new theory needs to be developed to explain the dissipation of gravity waves. Na lidar observations of 

vertical winds and temperatures were obtained at Boulder, Colorado since 2013. The high-precision data are used to study the frequency 

and wavenumber spectra of gravity wave perturbations in the MLT.
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Aerosol optical properties from 

vertically resolved Lidar 

measurements in support of 

ground-based PM 

measurements and validation of 

satellite data products

The vertical distributions of aerosol optical properties were measured using a light detection and ranging (LIDAR) at Gwangju, Korea 

(35.13ºN, 126.50ºE) from March 2009 to May 2009. In addition, a ground-based PM10 measurements, CIMEL sun/sky radiometer, and 

satellite data were analyzed in order to obtain mass concentrations and columnar optical properties of aerosols. LIDAR measurements 

revealed that the most aerosol layers were distributed within 1.19±0.45 km altitude while the elevated Asian dust layers with high 

depolarization ratios (> 0.25) reached as high as 4 km above sea level. The aerosol optical depth (AOD) derived from the integration of 

the aerosol extinction coefficients at each altitude was also compared to the AOD measured by the CIMEL sun/sky radiometer. The 

results show that the LIDAR estimated AOD is in good agreement with CIMEL sun/sky radiometer AOD with a correlation coefficient of 

0.7 and a bias of 15%. We also found that the discrepancies in AOD form two instruments were associated with ground-based PM10 

concentrations. Root  mean square differences (RMSD) in AODs are 10% for lower PM10 cases (< 100 ug/m3) but 28% for higher PM10 

cases (> 100 ug/m3). These results suggest that the LIDAR derived vertical extinction data can accurately estimate continuous 

instantaneous AOD under specific atmospheric conditions.
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Performance of Frequency 

Estimators for real time display 

of long range Lidar wind map

Long range wind lidars based on high PRF fiber laser require Doppler mean frequency estimators (MFE) that are reliable up to very low 

CNR, and fast enough for real time display of long range wind maps. A comparison of MFEs has been performed on averaged spectra 

generated by a Lidar simulator. The Lidar simulator is applied to wind maps generated by a turbulence generator following Von-Karman 

statistics. MFEs (maximum, centroid, matched filter, maximum likelihood, ¦) have been compared in terms of average error versus CNR 

and in terms of processing time . The errors have been estimated by two methods: 1. by a direct comparison of the input and the 

processed  wind map, 2. using spectral analysis of the Frequency Estimators results, and fitting the 5/3 slope and the noise level that is 

related to the error. The results are compared to the Cramer Rao Bound.
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Evaluation of air pollution levels 

in urban areas Aburra Valley 

(Colombia)

In this research the behavior of Atmospheric Boundary Layer (CLA) on the Metropolitan Area of the Aburra Valley (Colombia) reported 

using the techniques of Remote Sensing Lidar and EPR during 2015, with a total of 94 days measurements. It has emphasized the 

development of the phenomenology of CLA in the morning under the influence of solar radiation. The heights of the CLA, the aerosol 

optical depth (AOD) and PM2.5 data were conjugated meteorological variables are also considered as temperature and relative humidity 

surface to accompany the analysis. In the morning a vertical lifting of the CLA, in periods of time generally comprised between 8:30 a.m. 

and 10:30 am, depending on the local weather is observed. Period in which a monotonous growth of surface temperature and a 

decrease of the relative humidity was observed. For concentrations of particulate matter PM 2.5, a record of relatively high values before 

lifting the CLA compared to those recorded after said rising values (maximum and minimum PM2.5) was observed.
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Advances in Laser Locking- 

Accuracy & S/N

Careful laser locking is tormented by technical details that will offset the lock position from the “real” line center, and will change in time 

and with experimental parameters. Still some of us persist, lured by the remarkable S/N available with cavity-based laser spectroscopy of 

appropriate low pressure gases. By design one can scale a few ppm atomic or molecular absorption into a ~10% change in the cavity-

transmitted power, and so potentially has a S/N(1 s) of 1E6 or even more. This could support a sub-Hz laser atomic clock reference 

function. An essential capability is the RAM-Buster, a method to achieve sub-ppm centering of a laser onto a reference resonance 

feature. Based on this capability we also can explore a “Frequency-Jump” locking method, which alternates between high-slope locations 

on both sides of the resonance. Of course the laser’s intrinsic fast frequency noise is totally suppressed by locking to the cavity 

resonance.
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Laser Requirements and 

Stabilization for LIGO

Advanced LIGO searches for gravitational wave events using two 4-km Fabry–Pérot Michelson interferometers separated by a 3000 km 

baseline. Each interferometer is illuminated with up to 125 W of 1064 nm light from a frequency- and intensity-stabilized Nd:YAG laser. 

This laser is frequency-locked to the interferometer’s common-mode arm length, which acts as a 4-km-long reference cavity with a 1 Hz 

linewidth. This cavity stores hundreds of kilowatts of quiet light, enabling a differential strain measurement that is better than 10-

23/Hz1/2 at 100 Hz. The interferometers’ sensitivity to differential strain is designed to be limited by shot noise, radiation pressure noise, 

and mirror thermal noise across the astrophysical detection band (10 Hz to 7 kHz).
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Frequency Stabilized Lasers for 

Coherent Laser Radar

Fabry-Perot cavities. The frequency stability of these lasers in operating environments is determined by the acceleration coefficient of 

the reference cavity. Various Fabry-Perot cavity geometries and compact assemblies will be discussed for laser radar applications, and 

results will be given on acceleration coefficient measurements. Feedforward approaches to mitigation of the deformation of the cavity 

reference will also be discussed.
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Monolithic high power 

semiconductor seed lasers near 

2.05 mum

We report on the development and demonstration of a compact 2 um semiconductor seed laser for CO2 lidar instruments. Our 

monolithic high-power fiber-pigtailed semiconductor seed laser will greatly enhance the operability and applicability of IPDA lidar 

systems for high spatial and temporal resolution CO2 airborne measurements as well as future Earth-orbiting CO2 measurement 

missions. The compact semiconductor transmitter has a suitably narrow linewidth (<100 KHz) and enables flexible tuning (>150 GHz) over 

several CO2 absorption lines in the 2.05 um band.  The frequency agility and multi-format modulation capability of the proposed 

technology, its small size and compatibility with standard DFB lasers at the telecom band paves the way for adoption of the attractive 

2.05 um band for CO2 profiling and measurements. 

10:00 20

10:20 65

W5 10:20 20

O
ra

l Charley Hale and Sammy 

Henderson

Fast Widely-Tunable CW Single-

Frequency 2-micron Laser

We have recently developed a fast widely tunable diode-pumped solid-state laser architecture, called the SWIFT, or Super-Wide 

Frequency-Tunable laser.  The laser architecture is compatible with operation using many different solid state laser crystals for access of 

various emission lines between 1 and 2.1 micron.  We initially demonstrated the laser using Tm,Ho:YLF laser crystal near 2.05 micron 

wavelength and achieved 100 mW of output power with 50 GHz fast PZT tuning range.  The fast 50 GHz tuning range can be centered at 

any wavelength from 2047-2059 nm using the Tm,Ho:YLF crystal.  The frequency stability and power are sufficient to serve as the local 

oscillator laser in long-range coherent lidar systems.  The rapid and wide frequency tunability meets the requirements for integrated-

path or range-resolved differential absorption lidar or applications where multiple hard targets with significantly different line of sight 

velocities (Doppler shifts) must be tracked.  We will describe the Tm,Ho:YLF SWIFT laser performance in detail in the presentation.

Poster Session End

Wednesday Opening Remarks

Lasers I: Sammy Henderson and Laurent Lombard

Wednesday Morning Break

Lasers II: Sammy Henderson and Toshiyuki Ando
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Laurent Lombard, 

Béatrice Augère, 

Claudine Besson, 
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Dolfi-Bouteyre, Anne 

Durécu and Didier 

Goular

High peak power single-

frequency MOPFA for lidar 

applications

Long range coherent detection wind lidars have many applications in the fields of wind farms and aircraft safety. 1.5 µm fiber laser 

sources show key advantages such as versatility, modularity and robustness of alignments to Vibrometrys. However, nonlinear effects 

such as Stimulated-Brillouin-Scattering limit achievable peak power because of strong fiber core confinement. Wind lidars based on fiber 

laser technologies thus operate in a regime with low energy per pulse (typically 10 µJ-1 mJ) and high pulse repetition frequency (typically 

5-50 kHz). We will present various technologies investigated at ONERA to improve peak power in 1.5 µm fiber lasers such as special large 

mode area (LMA) fiber designs or strain management. For example, a source based on a new LMA fiber with carefully optimized doping 

material yielded a peak power of 1.1 kW for 650 ns pulse duration with excellent beam quality. A wind lidar based on this source 

achieved a record range of 16 km with 0.1 s averaging time. 
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Qing Wang

Greater than 1mJ pulse energy 

single frequency fiber lasers at 1 

micron wavelength

Single-frequency pulsed fiber lasers with high pulse energy and high peak power are needed for coherent lidar applications. Fiber-based 

laser sources are much more reliable and more suitable for these applications, especially for their field deployment, but the pulse energy 

is limited to a few hundred microjoules.  In this paper we will present our recent progress of high pulse energy single frequency fiber 

laser at 1 micron wavelength using our proprietary Yb-doped fibers. A polarization maintaining Yb-doped fiber with a large mode field 

diameter was developed to effectively suppress stimulated Brillouin scattering (SBS). A singe frequency narrow linewidth laser is 

modulated and amplified via MOPA configuration. A pulse energy of greater than 1.4 mJ with pulse width of 31 ns was demonstrated, 

which represents several times increase in pulse energy and peak power. The beam quality M2 is less than 1.1. Single frequency fiber 

lasers with pulse width from 5 ns to 400 ns will be presented as well.   
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Don Jacob

Improved Analytic Equation for 

Estimating the Performance of 

Truncated Gaussian-Beam 

Coherent Lidar Systems

An approximate analytic equation for modeling the antenna efficiency of coherent lidar systems has been used by the lidar community 

for many years.  This equation assumes perfect untruncated Gaussian beams and as such can lead to significant errors in performance 

predictions of real lidar systems.  The best performance predictions are of course obtained by performing detailed numerical calculations 

that include all the intensity and wavefront details of the transmitted and back-propagated local oscillator beams, as well as the 

refractive turbulence profile in the atmosphere, but these calculations can be difficult and time consuming for trading the performance 

as system parameters are varied.  We have developed an improved analytic approximation for calculating the antenna efficiency of 

Gaussian beam coherent lidar systems that includes the impact of beam quality, truncation, focus, and refractive turbulence.  The 

development of this new equation and comparison of its predictions with those of numerical calculations and the historically used 

approximate analytic expression will be presented.
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Evaluation of Simulated and 

Observed Wind Profile 

Measurements from an 

Airborne Doppler Lidar

Airborne Doppler lidars can provide wind profiles over a horizontal transect over a short period of time, providing a snapshot of the 

instantaneous flow field over a vertical plane. These can be used to understand flow fields over complex terrain, frontal boundaries, and 

other areas or features of interest. However, measuring the mean horizontal wind with an airborne Doppler lidar presents a unique set 

of challenges.  Herein, we will discuss these challenges and how to overcome them to provide profiles of the mean wind speed. We will 

discuss results from a simulation of an airborne Doppler lidar within a large eddy simulation field, wherein simulated observations can be 

compared with the true wind field.  Observations from the California Nexus (CalNex) experiment are also analyzed, wherein derived wind 

profiles from the airborne Doppler lidar are validated by nearby radar wind profilers. 
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Mark Arend, Morann 

Dagan, Ivan Valerio, 

Sameh Abdelazim and 

Fred Moshary

Adaptive Lidar Signal Processing 

to Study the Diurnal Cycles of 

Atmospheric Boundary Layer 

Dynamics, Wind and Turbulence 

in Urban Environments

Fiber optic based (1.5 micron) lidar technologies have been used to produce both a coherent Doppler lidar (CDL) system and a direct 

detection lidar (DDL) system.  Special attention has been afforded in the design of the CDL system to allow for adaptive signal processing 

of both the accumulated correlograms and the power spectra.  Both the CDL and the DDL systems require adaptive signal processing in 

order to account for baseline drifts that are due to both systematic changes in the operating conditions as well as dynamic changes in 

atmospheric boundary layer.   Co-operating these two systems together (along with other meteorological profilers) has opened up 

opportunities to improve the vertical profiling of, wind, turbulent kinetic energy, water vapor, humidity and temperature in urban 

environments where diurnal cycles are often observed.
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Comparison of current and 

future Area FPAs for flash 

Coherent Imaging

While coherent lidar has been around for decades these have been individual detector, or linear array, coherent lidars.  Now multiple 

area based focal plane arrays are becoming available that will allow coherent imaging with 1000 detectors or more. This revolution will 

change coherent lidar. Geiger Mode Avalanche Photodiodes, GMAPDs, Linear Mode APDs, LMAPDs, and framing arrays can all be used in 

area based coherent lidar. The framing cameras will be used in spatial heterodyne whereas the other two will be used in temporal 

heterodyne lidar.  Area based FPAs suitable for use with coherent lidar will be discussed along with the coherent lidars they can produce.  

Potential improvements in FPAs for use with various coherent lidar modalities will be discussed. Some coherent lidar modalities to be 

considered will be laser Vibrometry, 3D imaging, Digital holography/spatial heterodyne, synthetic aperture lidar, and aperture synthesis 

using multiple transmit and receive apertures. 
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High Power, Highly Linear 

Photodiodes for High Dynamic 

Range LADARs

High Power, highly linear photodiodes enhance the overall dynamic range of laser detection and ranging (LADAR) systems in two ways: 

faithfully transferring optical return signal into RF domain with minimal non-linear distortions, and generating low-phase photonic 

microwave clocks.  Large power handling capability of the photodiodes also reduces the requirement of signal amplification by RF 

amplifiers, which further improves the dynamic range. We present a 10 GHz bandwidth InGaAs p-i-n photodiode that generates 

broadband linear RF signal with peak-to-peak output amplitude up to 4 V and power-to-phase conversion factor <3 rad/W.  The 

photodiode's performance is reported with pulsed stimulus, for repetition rates varying from 1 GHz to 10 GHz, as well as continuous 

wave signals. 

At higher power levels, these photodiodes produce compressed signals up to 6 V peak-to-peak output, where power-to-phase 

conversion factor approaches zero for selected operating conditions.  These null points are especially useful for generating microwave 

photonic clocks having a phase noise of -170 dBc/Hz.
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Patrick Perkins

Velocity Rate Uncertainty and 

Dark Count Rate Influences on 

Time of Flight Measurement

The impact of range and range rate uncertainties coupled with the dark count rate are considered.  A simplified expression for these 

measurement errors is derived using an upper bound for the left hand Poisson probability distribution.  The discovery process is couched 

in terms of dark counts from the single photon detector, normalized range rate uncertainty, and white count; i.e., a true detection from 

the single photon detector.  A simplified expression based on a peak power limited laser operating characteristic is derived.  The net 

result is an easy way to generate a receiver operating characteristic based upon simple parameters.  The measurement process is shown 

to be suitable for a Bayesian search in range rate and range.
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Farzin Amzajerdian, 

Diego F. Pierrottet, Glenn 

D. Hines, Larry B. Petway 

and Bruce W. Barnes

Coherent Doppler Lidar for 

Measuring Velocity and Altitude 

of Space and Arial Vehicles

A coherent Doppler lidar is under consideration by NASA to support future missions to the Moon, Mars, and asteroids.  The lidar 

transmits three laser beams and measures line-of-sight range and velocity along each beam using a frequency modulated continuous 

wave (FMCW) technique. Accurate altitude and vector velocity data, derived from the line-of-sight measurements, enables the landing 

vehicle to precisely navigate during from several kilometers above the ground to the designated location and execute a gentle 

touchdown. The same lidar sensor can also benefit terrestrial applications that require surface-relative altitude and velocity data such as 

navigation in GPS-denied environment or landing on moving platforms. This paper describes the lidar instrument, presents the results of 

recent flight tests onboard a rocket-propelled free-flyer vehicle, and provides an overview of current effort directed at performance 

enhancement, compactness, and qualification for spaceflights.
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Laser Doppler sensing in 

acoustic detection of buried 

landmines

Acoustic detection of buried landmines employs low frequency elastic waves excited in the ground and a laser Doppler vibration sensor 

for vibration mapping of the ground surface. The principle of detection is based on the difference between the mine and soil complex 

mechanical impedances.  The lower impedance of the buried mine/soil system results in higher amplitude vibration on the ground 

surface directly over the buried landmine compared to the surface vibration of the nearby soil.  A laser Doppler sensor creates a 

vibration image of the ground by measuring vibration at many points on the ground surface.  The presence of a buried mine can be 

detected by an amplitude anomaly in the vibration image.  The technique has shown excellent performance in field tests with few false 

alarms or missed targets.  The paper discusses application of single and multiple beam laser Doppler vibrometers for acoustic detection 

of buried landmines, speckle noise limitation and mitigation methods to improve the performance of the technique. 
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Remote acoustic detection using 

a coherent laser radar

A coherent lidar was used to detect sound remotely in an unseeded wind tunnel. The system is able to reconstruct acoustic temporal 

waveforms by detecting the motion of natural aerosols. The acoustic motions were measured in the presence of much larger motions 

caused by the ambient fluid-dynamic turbulence. Unlike conventional microphones, remote acoustic sensing is immune to wind-induced 

self-noise and avoids disturbing the aerodynamic flow. By forming a virtual microphone array it is possible to make the lidar system 

directional, thereby rejecting acoustic reflections from wind tunnel walls. The system employs a continuous-wave, single-frequency, 1.55 

µm fiber laser in a bistatic configuration and a heterodyne receiver with a 200 MHz intermediate frequency. The acoustic waveform was 

impulsive, characteristic of acoustic signatures of helicopters. There is close agreement between the lidar and conventional microphone 

signals.
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Peter Lutzmann, 

Clemens Scherer-

Kloeckling , Norbert 

Scherer-Negenborn, 

Benjamin Goehler and 

Simon Brunner 

Laser Doppler vibrometry on 

rotating wind turbine blades

The maintenance and repair of wind energy turbines is a significant cost factor. Therefore it is mandatory to minimize the downtime 

caused by unnoticed faults. A key contributor to the load on the wind turbine installation and to material fatigue is the plant´s 

unavoidable vibration. We report about a development of a new 1.5 µm laser vibrometry system to measure vibrations of rotating 

blades of wind turbines up to a distance of several hundred meters - based on a very precise imaged tracking system. Some successful 

tests were done with a scaled down model wind turbine. Measurements on real wind turbines are recently under investigation and first 

results will be presented.
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Rob Haupt
Non-contact laser ultrasound for 

medical imaging and diagnosis

Ultrasound is an ideal imaging modality used in medical practice: it is portable, inexpensive, safe, and produces images with excellent 

spatial and temporal resolution.  The NCLUS program is aimed at developing a portable optical device that acquires ultrasonic imagery of 

the human body interior without patient contact.  A pulsed near IR source (Q-switched laser) converts optical energy to ultrasonic waves 

within the skin surface via photoacoustic (PA) mechanisms.  The resultant probing ultrasonic wave signal is then measured at the patient 

skin surface with Laser Doppler vibrometry.  The NCLUS system can produce useful images in tissue while operating within optical eye 

and skin safety limits.  Results show that PA mechanisms can produce the full compilation of ultrasonic waves.  Using information from 

these various wave types can not only yield anatomical images in the body, but can also provide elastic property distributions, in-vivo 

useful for several emerging fields in medicine.
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FMCW Differential Synthetic 

Aperture Ladar for Turbulence 

Mitigation

Synthetic Aperture (SA) imaging, including holographic aperture ladar (HAL), synthetic aperture ladar (SAL), and combinations thereof; 

are promising solutions for long range imaging applications. One of the major difficulties with real-world SA imaging is coherently 

processing the image information in the presence of atmospheric turbulence. Differential SAL imaging was proposed and patented in 

2005 as a technique to reduce the sensitivity of synthetic aperture imaging ladar to line-of-sight motion errors and shown to reduce 

sensitivity to dynamic turbulence near the target. We will present experimental laboratory demonstrations of high range resolution DSAL 

with comparisons of performance to standard SAL processing in the presence of localized dynamic turbulence. Our DSAL receiver is 

based on imaging the receive aperture and LO onto quad-cell detectors that measure the ladar signal in each quadrant of the aperture 

separately. We will also discuss how differential techniques can mitigate atmospheric turbulence with other SA imaging techniques.
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Andrew Bratcher

Synthetic aperture digital 

holography

Digital holography is a 2D angle-angle coherent imaging method. Objects are illuminated with narrowband laser light while a receiver 

collects the scattered light and mixes it with a coherent reference beam to form a holographic interference pattern. The holograms can 

be recorded with a standard focal plane array and replayed numerically with a computer. The resulting complex-valued images represent 

the optical field scattered by the object. Spatial resolution is typically limited by the receiver aperture diameter. Various synthetic 

aperture techniques, however, can be used to obtain finer resolution. We will show examples based on (i) object motion, (ii) collecting 

data with an array of transmitters, and (iii) combining data from an array of receivers.

Thursday Lunch Break

Applications of Digital Holography: Dave Rabb and Phil Gatt

Vibration Sensing: Sammy Henderson and Maurice Halmos
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Demonstration of Range & 

Doppler Compensated 

Holographic Ladar

Holographic ladar systems rely on the capture of temporally stable optical fringe patterns resulting from interference between the local 

oscillator (LO) beam and signal light imaged from a target. For pulsed systems, fringe visibility is maximized when the LO is temporally 

matched with the arrival time and duration of the signal, and when there is no gross relative motion between the sensor and target. In 

this demonstration, both range and velocity of a moving target were measured with a co-aligned high pulse rate laser range finder. 

Temporal matching was achieved by pulsing the LO to overlap the range-dependent signal arrival. Gross Doppler was compensated by 

using an acousto-optic modulator to impose a frequency shift onto the LO and transmitter (TX) that corresponded to the measured 

velocity. Range offset was compensated from ~200 m to >700 m and Doppler compensation was demonstrated from stand-still to full 

speed of the test vehicle (~24 m/s).
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Joseph Marron

Coherent Adaptive Optical 

System

This paper discusses an adaptive optical system in which coherent images are processed to determine wavefront error and the error is 

corrected by applying the inverse to a deformable mirror. Coherent imaging is performed by flood illuminating the target with coherent 

light and using digital holographic detection to record a complex-valued, coherent image. Wavefront error corresponding to the 

atmosphere is imparted by using a calibrated phase screen located in the pupil on the return path. The wavefront error is determined by 

using an optimization routine that determines the phase error that maximizes image sharpness. The inverse of the error is then applied 

to a deformable mirror to improve the image quality. In this paper we report the results of laboratory experiments. Performance of the 

method is quantified by measuring the Strehl ratio before and after image correction.
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Mark Spencer, Robert 

Raynor, Troy 

Rhoadarmer, and Dan 

Marker

Deep-Turbulence Simulation in a 

Scaled-Laboratory Environment 

Using Five Phase-Only Spatial 

Light Modulators

The presence of distributed-volume or “deep” turbulence presents unique challenges for beam-control applications which look to sense 

and correct for disturbances found along the laser-propagation path. This study uses five spatially distributed phase-only reflective 

spatial light modulators (SLMs) to accurately model deep-turbulence effects. In practice, we can match the Fresnel numbers for tactical 

engagement scenarios using optical trombones and relays placed in between the SLMs. Similar to computational wave-optic simulations, 

we can also command repeatable high-spatial-resolution phase screens to the SLMs with the proper statistics (i.e., Kolmogorov, von 

Karman, etc.).
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Jason Dahl

Digital Holographic 

Characterization of Atmospheric 

Wavefront Perturbation

Atmospheric turbulence is a fundamental limiter of long-range coherent ladar aperture synthesis imaging.  We demonstrate a novel 

approach to high resolution measurement of wavefront perturbations due to atmospheric turbulence.  The approach features a simple 

optical design, minimal processing, and the ability to use diffuse surfaces as the wavefront characterization target.  By deriving a local 

oscillator from the impinging beam, digital holography is used.  Inspired by phase gradient autofocus, coherent processing techniques 

are used to extract the common mode phase gradient from a set of digital holographic images, each with a unique atmospheric 

realization.  The common mode phase gradient is then subtracted from the phase gradient of each image to reveal the phase gradient of 

each atmospheric wavefront perturbation.  This is used to reconstruct the perturbation.  Experimental and algorithmic considerations as 

well as the potential for the technique to support turbulence agnostic coherent aperture synthesis are discussed.
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Robustness of Joint-Plane Phase 

Retrieval in Generalized Two-

Path Interferometry

Generalized interferometry (GI) is a novel technique that sorts a coherent optical field into the elements of a transverse basis set and its 

coefficient magnitudes. By using phase retrieval to augment GI, the amount of total information able to be extracted with the 

interferometer is substantially increased. By exploiting the eigenfunction relationship between Hermite-Gaussian modes and the 

fractional-Fourier transform (fFT), computationally expensive discrete Fourier transforms in the phase retrieval are replaced by 

inexpensive scalar multiplications. Single fFT reference plane phase retrieval has proven successful, but yields suboptimal success rates 

for this system and is plagued by twin image ambiguity. A nonlinear optimization phase retrieval algorithm that eliminates the twin 

image problem and improves overall success rates is developed using multiple fFT reference planes. Additionally, the robustness of this 

retrieval algorithm in the presence of noise is examined. This technique has potential application in both remote sensing and optical 

communications.
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Range Dependent Turbulence 

Characterization by Co-

operating Coherent Doppler 

Lidar with Direct Detection Lidar

The backscattered signal power of a coherent Doppler Lidar (CDL) system that is used for wind sensing was validated against a direct 

detection Lidar system. In coherent detection, the received signal power depends on the overlap function of the backscattered and local 

oscillator fields. This overlap function is dependent on the loss of coherence of the backscattered field, which is influenced by refractive 

index variations of the atmosphere due to turbulence. A direct comparison of the backscattered signal power of the CDL with that of the 

direct detection Lidar requires that the effect of coherence loss and the overlap function as function of range is accounted for. In this 

study, we report on the CDL wind measurements and we present the analysis of the range dependent refractive index variations of the 

CDL by appropriately fitting the backscattered signal power with direct detection signal power measurements.
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Azita Valinia, George 

Komar, David Tratt, 

William Lotshaw, Kevin 

Gaab and David Mayo

NASA ESTO Lidar Technologies 

Investment Strategy 2016

The NASA Earth Science Technology Office (ESTO) recently updated its investment strategy in the area of lidar technologies by assessing 

the state of the art and determining technology needs for enabling NASA's Earth Science measurement goals in the next decade. The last 

ESTO lidar strategy was documented in 2006. ESTO conducted a number of workshops at NASA Centers (GSFC, JPL, LaRC) and a virtual 

community forum to assess and validate emerging technology needs. ESTO also invited the community to submit their written input as 

appropriate.  The scientific basis for lidar technology development was focused on: Atmospheric Composition; Atmospheric Dynamics; 

Topography, Ranging, Interferometry; and Physical and Biological Oceanography. Technology capabilities were binned into three major 

areas: laser transmitters; detectors and optics; and information systems.  In this talk, we describe our findings and highlight emerging 

technology areas that could benefit from additional investment and/or leveraging R&D resources with our partners.
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ESA’s ADM-AEOLUS Wind Lidar 

Mission – Status of 

development 

The European Space Agency (ESA) is developing a direct detection Doppler Wind Lidar for measuring wind profiles from space. The 

pulsed UV Lidar instrument, ALADIN, will deliver horizontally projected single line-of-sight wind profiles from its molecular and particle 

channels. The development of the mission has reached a major milestone with the integration of the full instrument and its functional 

and performance tests in April 2016. A 6-month life test of the UV laser transmitter is being performed with all relevant performance 

parameters adequate and stable at present (about half of the required life). Launch readiness is expected in July 2017. In the meantime, 

ESA is contributing to the development of a new generation of UV Nd-YAG space lasers, using cement-free mounts and welded hermetic 

housings. A demonstration model of such a laser has been recently assembled the IR configuration and performance testing will take 

place in June 2016. 
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Airborne wind lidar 

observations over the North 

Atlantic in preparation for the 

ADM-Aeolus validation

The first space-borne wind lidar mission ADM-Aeolus from ESA is currently scheduled for launch by mid 2017. Aeolus carries the direct-

detection Doppler lidar ALADIN that operates at an ultraviolet wavelength of 355 nm and makes use of two types of spectrometers to 

measure frequency shifts from molecular and aerosol backscatter. For the preparation of the Aeolus validation, an airborne field 

experiment was performed during 3 weeks in May 2015 with the DLR Falcon and the NASA DC-8 aircraft. For the first time 4 wind lidars 

were deployed during an airborne campaign including 2 coherent and 2 direct-detection wind lidars at a wavelength of 2 µm and 355 

nm. A total of 7 coordinated flights of the Falcon and DC-8 yielded an extensive dataset of wind lidar observations in the North Atlantic 

region around Iceland and Greenland. The objectives of the campaign, its instrumentation and first intercomparison results will be 

discussed.
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ESA's ADM-AEOLUS Wind Lidar 

Mission - Overview of 

Campaigns and CalVal Strategy

The European Space Agency (ESA) is developing a direct detection Doppler Wind Lidar for measuring wind profiles from space. The 

pulsed UV Lidar instrument, ALADIN, shall deliver horizontally projected single line-of-sight wind profiles from its molecular and particle 

channels. The wind products shall serve near-real-time weather forecasting and air quality modelling, and contribute to climate model 

parametrization. Spin-off products are backscatter and extinction profiles.
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GrOAWL: The ATHENA-OAWL 

Venture Tech Instrument

The Instrument Full functional Performance (IFP) test was concluded in April 2016, and with this the Aeolus Calibration and Validation 

(CAL/VAL) preparations are picking up speed. Seventeen national and international teams submitted proposals for Aeolus CAL/VAL, and 

the implementation plan outlining the key tasks, roles and organization of the various teams has been drafted. The mission validation 

strategy will be presented together with an overview of the (pre-) launch preparation activities. Launch readiness is scheduled for July 

2017.
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Preliminary Results from the 

ATHENA-OAWL Venture Tech 

Airborne Mission

The Atmospheric Transport, Hurricanes and Extratropical Numerical weather prediction using the Optical Autocovariance Wind Lidar 

(ATHENA-OAWL) is a mission concept proposed as an Earth Venture mission for space based wind profile measurements. An Airborne 

demonstrator for the ATHENA-OAWL system, the Green OAWL (GrOAWL) which operates at 532 nm is planned for deployment aboard 

the NASA WB-57 aircraft in April/May 2016. The instrument makes simultaneous measurements at two azimuthally orthogonal line-of-

sight to provide u and v components of the horizontal winds. The goals of this deployment are following: (1) Validate and assess the wind 

measuring capability of the instrument, (2) Evaluate the instrument sensitivity and efficiency, (3) Assess the effects of different 

atmospheric conditions, and (4) Scale the performance to that of future space mission. Here we will present the validation efforts and 

preliminary results from this deployment.

Space Based Wind Lidar I: Mike Hardesty and Upendra Singh

Friday Morning Break

Space Based Wind Lidar II: Wayman Baker and George Komar
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Recent progress on UV lasers for 

airborne and space-based 

applications

We have recently been developing two single-frequency UV laser systems for airborne and space-based applications. One is a 200 Hz, 35 

mJ laser system for the Optical Autocovariance Wind Lidar being built by Ball Aerospace for airborne wind measurements. The other is 

an ESTO funded projected intended to advance the TRL of space-based UV lasers to 6. It is designed to provide a 355 nm output of 100 

mJ/pulse at 150 Hz. We will discuss the design and recent testing of these two laser systems.
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Carl Wiemer

Developments Towards a Space-

based Wind Lidar for the 

International Space Station

The ATHENA-OAWL proposal was submitted to the NASA Earth Venture Instrument Announcement of Opportunity in 2013 for 

implementation on the ISS. The mission was to utilize the Optical Autocovariance Wind Lidar (OAWL) technique to measure winds to 

support studies of atmospheric transport, Hurricanes, and the impact of wind measurements on numerical weather prediction.  It was 

not selected for the spaceflight mission, however NASA funded additional development through its Venture Technology program. This 
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Emmitt, Lisa Bucci, Kelly 

Ryan, Jun A. Zhang and 

Zhaoxia Pu

Impact of Doppler Wind Lidar 

data on hurricane prediction

This paper will summarize previous and recent Observing System Simulation Experiments (OSSEs) and real-data Observing System 

Experiments (OSEs) that have been conducted to evaluate the impact of Doppler wind lidar observations on hurricane prediction, and 

will also present recent results and plans for the coherent Doppler wind lidar that has been installed on NOAA's P3 Hurricane Hunter 

Aircraft. All of the global and regional OSSEs and OSEs that have been conducted show significant potential for improving tropical 

analysis and hurricane forecasting.
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Satellite coherent Doppler wind 

lidar performance simulation  

based on CALIOP 

measurements.

A computer simulation tool using MATLAB has been developed based on the coherent Doppler lidar theory. Frehlich's two-parameter 

model is used to characterize the performance of the velocity estimates. The real global aerosol observations are used in the calculation 

instead of that from aerosol model. The measurement performance of a satellite coherent Doppler wind lidar is computer simulated 

using the global aerosol backscatter distribution derived from the CALIOP measurements. The accuracy of radial wind velocity good 

estimates and the fraction of good estimates, depending on backscattered signals from aerosols, generally decrease with altitude. A 

critical altitude is defined as the altitude below which the good estimate fraction of velocity estimates is larger than 90.0%. The critical 

altitudes for different lidar parameters are calculated. The differences of attenuated backscatter characters of global aerosols obtained 

from CALIOP L1B Version 3 and the latest version of Version 4 products are studied. The impact of this update on the performance 

simulation of a satellite coherent Doppler wind lidar is discussed. The simulation results demonstrated that a global wind profiling of the 

lower troposphere from space is feasible using a coherent Doppler wind lidar with achievable system design, appropriate performance 

setting and parameter selection.

F11 12:10 20

O
ra

l

Kozo Okamoto, Shoken 

Ishii, Philippe Baron, Oki 

Riko, Masaki Satoh and 
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Recent results from feasibility 

study of space-based Doppler 

Wind Lidar in Japan

Global wind profiling is important to improve initial conditions for numerical weather prediction or general circulation model.  A working 

group for a future space-based DWL mission is studying a future space-based coherent DWL.  NICT developed an end-to-end 

comprehensive simulator for wind measurement from space called ISOSIM-L (Integrated Satellite Observation SIMulator for a space-

based coherent Doppler Lidar) in order to study measurement performances of a space-based Doppler lidar.  Retrieved LOS wind data 

simulated by the ISOSIM-L are used for an Observing System Simulation Experiment (OSSE) system to investigate potential impacts on 

the numerical weather prediction. In the paper, we present recent results from feasibility study of space-based Doppler Wind Lidar with 

using the ISOSM-L and OSSE.
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