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JACIE 2016 Schedule
Tuesday April 12, 2016
Registration/Breakfast 7:15-8:00 
8:00-9:50 Session 1- US Agency Talks with Question and Answer Session
Welcome – Greg Stensaas
Glenn Bethel-USDA
Peter Doucette-USGS
Kurt Thome-NASA
Mitch Goldberg-NOAA

9:50-10:10 Break

10:10-12:10 Joint ASPRS/JACIE Session 2 – New Space Panel

Government Needs
Industry Plans
Question and Answer Session

12:10-1:10 Lunch Break 

1:10-3:10 Session 3- Geometric Calibration
DongHan Lee - 16.044/16.043 Spatial Quality by Edge target with KOMPSAT-3 & KOMPSAT-3A/Calibration and Validation for KOMPSAT-3A
Byron Smiley - 16.025 The Geometric Quality of the Ortho Product Made by Google
David Mulawa - 16.038 Geolocation Accuracy Performance of the DigitalGlobe Constellation During 2015
Sung-Hwan Park - 16.034  Application and evaluation of different Topographic correction models for Landsat-8 OLI images  

3:10-3:30 Break

3:30-5:00 Session 4- Lidar Data Quality
Minsu Kim - 16.022  Evaluation of new technologies for commercial Lidar data
Ajit Sampath - 16.023  A Summary of System Analyses at the USGS EROS
Michael Sitar - 16.035  SwathTRAK™ and Dynamic FOV Surveying:  Lidar Innovation for High-Efficiency Mapping
Qassim Abdulla - 16.020  Evaluating Single Photon and Geiger Mode Lidar Technology for the 3D Elevation Program (3DEP)



Wednesday April 13, 2016

7:30-8:10 Registration/Breakfast

8:10-9:50 Session 5 Hi Resolution Sensor Assessment
Paul Bresnahan - 16.012/16.047 WorldView-3  Geolocation Accuracy and Band Co-Registration Analysis/GeoEye-1  Geolocation Accuracy and Band Co-Registration Analysis
Chris Comp - 16.018  WorldView-3 SWIR Instrument Performance and Applications
Michele Kuester - 16.019   Improvements to and Update on the Absolute Radiometric Calibration of the DigitalGlobe Constellation 

9:50-10:10 Break

10:10-12:10 Session 6 Calibration and Assessment 
Dennis Helder - 16.032  Performance of Lifetime Statistics Derived Relative Gains for Landsat 8 OLI
Kurt Thome - 16.030  Radiometric calibration of DigitalGlobe sensors using automated in-situ measurements
Sara Bahloul - 16.015 Calculation of the Modulation Transfer Function of the RapidEye Sensors
Robert Ryan - 16.003Radiometric Calibration/Validation of the VIIRS Day-Night Band High Gain Stage Using Ground-based Artificial Light Sources
Cibele Teixeira Pinto  - 16.045 First In-flight Radiometric Calibration of the CBERS-4 MUX and WFI 

12:10-1:10 Lunch

1:10-3:10 Session 7 Radiometric Calibration
Mary Pagnutti - 16.010  Reducing the Size and Complexity of Full-Aperture Radiometric Calibrators on Thermal Imaging Satellites
Brian Wenny - 16.027 RadCalNet: A prototype radiometric calibration network for Earth observing imagers
Jeff Czapla-Meyers - 16.026 Uncertainty Analysis for the Radiometric Calibration Test Site (RadCaTS) at Railroad Valley, Nevada
Kurt Thome - 16.029 Use of automated in-situ measurements for sensor harmonization
Stephen Schiller - 16.036 Application Of The Specular Array Radiometric Calibration (SPARC) Method For The Vicarious Calibration Of Landsat Sensors

3:10-3:30 Break

3:30-5:00 Session 8 Sensor Calibration and Techniques
Jennifer Kyle - 16.006 Radiometric Calibration of the Planet Labs PlanetScope Constellation
Joseph Warga - 16.007 Pre-launch Calibration of the Planet Labs PlanetScope Constellation
Ignacio Zuleta - 16.004 Reconstruction of effective point-spread functions (PSF) in natural satellite images
Dennis Helder - 16.031 A 1st Principles Approach for Absolute Radiometric Calibration Using Pseudo Invariant Calibration Sites


Thursday April 14, 2016
7:30-8:10 Registration/Breakfast
8:10-9:50 Session 9 Hyperspectral Systems and Processing
Lewis Graham - 16.008 Building High Performance MUSES Processing Systems in Amazon Web Services
Ray Perkins - 16.013/16.014 Teledyne’s Multi-User System for Earth Sensing (MUSES)/Imaging Spectroscopy Applications using the DESIS Hyperspectral Instrument on MUSES.
Janja Avbelj - 16.005 Image Products from the new hyperspectral sensor DESIS

9:50-10:10 Break

10:10-11:40 Session 10 Calibration Processes and Data
David Allen - 16.037 Calibration Standards and Services for Emerging Remote Sensing Technologies
Tom Cecere - 16.041 The Move Toward Analysis Ready Data and the opportunities/challenges Ahead
Shawana Johnson - 16.040 Big Data - No Problem; Big Analysis in a Secure Environment - Problem
Jim Storey - 16.021 - Radiometric and Geometric Performance of Sentinel 2A (S2A) Multispectral Imager (MSI) Compared to Landsat 8 Operational Land Imager (OLI)

11:40-12:35 Lunch

12:35-1:10 Poster Session
Kevin Gallo – 16.039 The Land Product Characterization System: A Tool for Comparative Analysis of Satellite Data and Products
DooChun Seo - 16.042 KOMPSAT-3A Geometric Cal/Val & Quality Assessment
Ignacio Zuleta – 16.004 Reconstruction of effective point-spread functions (PSF) in natural satellite images
Linda Owen – Landsat Collections
Esad Micijevic – Sentinel-2 Radiometry
Mitch Goldberg - GESICS

1:10-3:10 Session 11 Camera and Sensor Calibration
DooChun Seo - 16.042 KOMPSAT-3A Geometric Cal/Val & Quality Assessment
Christian Muller - 16.002 LEICA DMC III Geometric in Flight Calibration and Practical Experiences
Michael Gruber - 16.009 Microsoft UltraCam Update on UltraCam Aerial Sensor Technology
Wei Sun - 16.046 Launch of TripleSat Constellation and its Products and Services

3:10-3:30 Break

3:30-5:00 Session 12 Future of Earth Observation
Zhouting Wu -  16.017 - Evaluating remote sensing data impacts from the bottom up – A USGS example
Jon Christopherson - 16.024 - An Update on Spaceborne Remote Sensing
JACIE Question and Answer 
Stensaas- Closing Remarks




Agency Speakers and Welcome Speaker

[image: ] Greg Stensaas graduated with a Bachelor of Science degree in Mechanical Engineering from South Dakota State University, and has taken post graduate classes in Engineering and Information Technology at the University of Nebraska Lincoln and Dakota State University. 
Greg has extensive systems engineering and information systems experience; such as; electro-optical and infrared systems exploitation, development, simulation, and test experience as an electronics engineer and operations research analyst for the U.S. Department of Defense; principle engineer for the NASA Earth Observing System Distributed Active Archive Center, and was the systems engineer for the U.S. Geological Survey (USGS) Landsat Data Continuity Mission at the Earth Resources Observation and Science (EROS) Center. Greg continues to work at USGS EROS in Sioux Falls, South Dakota and is currently serving as the USGS Remote Sensing Technologies Project Manager, where he is responsible for aerial and satellite sensor calibration and system/product characterization and evaluation. He is the USGS point of contact for the system characterization and continues to work many cross-calibration efforts. 
Greg is a co-chair of the Joint Agency Commercial Imagery Evaluation (JACIE) program. He was the Primary Data Acquisition Division (PDAD) Director for the American Society of Photogrammetry and Remote Sensing (ASPRS) and was the chair of the Inter-Agency Digital Imagery Working Group (IADIWG). Greg has been the chair of the Committee on Earth Observation (CEOS) 
Working Group on Calibration and Validation (WGCV), and is leading Global Earth Observation System of Systems Quality Assurance Strategy task for the Group on Earth Observation (GEO). 
Greg has strong interest in the areas of sensor design and systems application, laboratory and in situ calibration and characterization processes, information storage and access, and system and data quality assurance. Greg has been involved in many system characterization, calibration, and validation efforts, and has presented and prepared numerous scientific analyses and associated science papers. 

Pete Doucette is the associate program coordinator for USGS’s Land Remote Sensing Program in Reston, Virginia. He’s worked in the geospatial sciences community since 1990, which has included positions in government, a national lab, academia, and the private sector. He received a B.S. in engineering physics from UMaine, a M.S. in photogrammetry from Purdue, and a Ph.D. in spatial information engineering from UMaine. He’s published and presented on topics of automating feature extraction from imagery, data registration and conflation, and geostatistical modeling and simulation of uncertainty in vector and elevation data. He is an active member of ASPRS, IEEE, and SPIE, which includes positions of former president for the ASPRS Potomac Region, chair for the IEEE Applied Imagery Pattern Recognition Workshop[image: ], and co-chair for the SPIE DSS conference on Geospatial Informatics, Fusion, and Motion Video Analytics.


 [image: ]Mr. Bethel currently serves as USDA’s Remote Sensing Advisor. In this capacity, he represents USDA agencies; focusing on national policy, synergy with other departments and the application of remote sensing technologies for USDA mission support. Before his current position, he served as the Chief of the Farm Service Agency Remote Sensing Section, where he was responsible for National GIS implementation and the creation of the NAIP program. He served as Chief of the Foreign Agricultural Service, Remote Sensing Section and was responsible for processing of global imagery, geospatial database development, and crop model implementation for global agricultural monitoring. Before joining the federal government, Mr. Bethel worked on contracts supporting FEMA, FAA, DoD, and USDA. 
Mr. Bethel serves on numerous working groups including the Civil Applications Committee, US Group on Earth Observations (USGEO) and co-chairs the USGEO Satellite Framework Task Team. Since 2005, he has been coordinating the discovery of remote sensing and geospatial data sources for disaster response and recovery. He was appointed to the National Satellite Land Remote Sensing Archive Advisory Committee (Department of Interior), been a member of the Future of Land Imaging Interagency Working Group (Office of the President), chaired the National Digital Orthophoto Program (NDOP) steering committee, and been a member of the National Aerial Photography Program (NAPP) steering committee. Mr. Bethel has a BS in Agronomy from Virginia Tech and MS in Geographic and Cartographic Sciences from George Mason University.

 [image: ]Kurt Thome obtained a BS degree in Meteorology from Texas A&M University and MS and PhD degrees in Atmospheric Sciences from the University of Arizona. He then joined what is now the College of Optical Sciences becoming full professor in 2006. He served as the Director of the Remote Sensing Group from 1997 to 2008. Thome moved to NASA's Goddard Space Flight Center in 2008 as a Physical Scientist in the Biospheric Sciences Branch. He has been a member of the Landsat-7, ASTER, MODIS, and EO-1 Science Teams providing vicarious calibration results for those and other imaging sensors. He is the Vice Chair of CEOS’ Working Group on Calibration and Validation and is a Fellow of SPIE. Thome served as the calibration lead for TIRS on Landsat 8, is Deputy Project Scientist for CLARREO for which he is also the instrument lead for the Reflected Solar Instrument, Instrument Scientist for VIIRS, and Project Scientist for Terra. 
[image: ] Dr. Goldberg earned his B.S. from Rutgers University, and M.S., and Ph.D. degrees from the University of Maryland. Dr. Goldberg joined NOAA in 1990 and has held a number of positions of increasing responsibility. He is the JPSS Program Scientist and former Chief of the NESDIS Satellite Meteorology and Climatology Division. His scientific expertise is in developing scientific algorithms to derive atmospheric soundings of temperature and water vapor from microwave and infrared sounders. At JPSS, Dr. Goldberg serves as independent expert and representative of the science and user communities responsible for ensuring the scientific integrity at all stages of satellite development. Mitch served as the chair of GSICS, is the co-chair of the International TOVS working group, and is the NESDIS science representative to CGMS. He is the currently chair of the CREST Scientific Advisory Board. 
Dr. Goldberg has received three Gold Medals, one Silver Medal, and three Bronze Medals from the Department of Commerce and more recently the 2010 NOAA Administrator’s Award for leadership in developing the international Global Space-based Inter-Calibration System (GSICS). He received the University of Maryland Most Distinguished Alumnus Award from the Department of Atmospheric and Oceanic Science in 2004. 
Speakers
16.002  Christian Mueller – Z/I Imaging
LEICA DMC III Geometric in Flight Calibration and Practical Experiences
As an evolution of the successful Z/I DMC II digital camera series Leica Geosystems introduced the Leica DMC III digital aerial camera. The Leica DMC III is equipped with a large format PAN camera head with a pixel size of 3.9μm only. A standard calibration stand does not provide the measurement accuracy for this small pixel size to provide a precise goniometer calibration. This presentation describes the Leica DMC III in flight calibration method and its quality assurance and quality control (QA/QC) procedures. It will explain how in flight calibration was implemented within the production process for the Leica DMC III camera.
A detailed overview of achievable geometric accuracies for different flying heights at 5cm, 8cm and 11cm GSD will be given based on the QA/QC procedure which is established for the calibration and production procedure. Furthermore a first feedback of achieved practical experiences from the market will be presented.
[image: ]Bio Christian Mueller
EDUCATION: 
1992-1998 Degreed Engineer Geodesy and Geoinformatics Engineering (Dipl. Ing.), University of Stuttgart (Germany) 
1989-1992 High School Diploma (major in Sciences), Stuttgart Area (Germany) 
EXPERIENCE: 
Since 2014 Position: Product Manager for GNSS/INS systems and airborne applications at Z/I Imaging GmbH and Leica Geosystems 
Employer: Z/I Imaging GmbH 
2000 - 2013 Position: Technical Consultant / Software Specialist for Airborne applications at Z/I Imaging and Leica Geosystems 
Employers: Z/I Imaging GmbH / Intergraph Z/I Germany GmbH 
Tasks: Technical Project Management, Installation Support, Commissioning and Instruction/Training of Customers Engineers on ZI's and Leica Aerial Camera Systems Software 
1998-2000 Position: Application Engineer and Product Management 
Employer: Photo-Messsysteme AG, St. Margreten (Switzerland) 
Tasks: Coordinating workshops, field support activities and on side training courses.

16.003  Robert Ryan – Innovative Imaging and Research Corp
Radiometric Calibration/Validation of the VIIRS Day-Night Band High Gain Stage Using Ground-based Artificial Light Sources
The high sensitivity of the Visible Infrared Imaging Radiometer Suite (VIIRS) Day-Night Band (DNB) High Gain Stage (HGS) mounted on the Suomi National Polar-orbiting Partnership (S-NPP) satellite is enabling unmatched nighttime measurements of low light radiances allowing unprecedented quantification of artificial lighting for studying human activities. Some new applications such as understanding electrical usage and nighttime aerosol monitoring using low light natural and artificial light sources however require a better understanding of the radiometric stability and absolute radiometric uncertainty of the VIIRS DNB HGS. NOAA is proposing a new ground-based NIST traceable artificial light source to complement current traditional calibration techniques that are based on extended source, radiance-based lunar illumination. I2R, under NOAA SBIR funding, is performing trade studies and designing a field-deployable, NIST-traceable point source array to calibrate the VIIRS DNB HGS. This artificial source is being designed to exceed the HGS DNB typical radiance levels with a long-term, post-correction source stability of better than 1% and a top-of-atmosphere absolute radiometric accuracy better than 5% under clear sky conditions. The artificial source’s spectral distribution is being designed to simulate natural lunar illuminated scenes to ensure this new approach is compatible with ongoing lunar illumination-based vicarious radiometric calibrations. This paper describes the calibration methods that will be used to achieve these performance goals and identifies potential deployment sites. A detailed analysis for the Railroad Valley vicarious calibration site, revisit times at low light conditions (moonless or close to moonless) and clear atmospheric conditions is shown. A simple approach that relates point source intensity to extended source radiance is discussed and shows how a few point sources can be spatially distributed to emulate an extended source. The NIST-traceable point source array approach also reduces errors that are associated with single point source Point Spread Function and geolocation knowledge. This new calibration approach should be applicable to other nighttime imagers and will help calibrate and understand other point sources observed by VIIRS.
[image: ]Robert Ryan received his PhD in Atomic and Laser Physics from the State University of New York at Stony Brook. He also has an MS in Electrophysics from the Polytechnic Institute of New York and a BS in Physics from Hofstra University. He has earned 11 US patents in the fields of optics and sensors. Dr. Ryan has a broad career that includes developing multispectral, hyperspectral and ultraspectral imaging systems, and biological and chemical weapon sensors. He has supported the NASA Stennis Space Center by developing an Instrument Validation Laboratory where he performed radiometric calibration and spatial resolution evaluations of commercial and government electro-optical imaging systems. He has also served as the Primary Data Acquisition Division Director for ASPRS supporting the development of remote sensing imaging techniques. Dr. Ryan is one of the founders of Innovative Imaging and Research, a company focused on remote sensing image quality and novel applications of solid state lighting and imaging systems.
16.004  Ignacio Zuleta – Planet Labs
Reconstruction of effective point-spread functions (PSF) in natural satellite images
Image resolving power determination is one of the hardest measurements to be made on-orbit. Because natural targets often lack the type of well behaved features frequently used in to compute the point-spread function (PSF) or modulation transfer functions (MTF) of an imaging chain, the on-orbit behavior of an optical system remains at most weakly characterized. Here we discuss the use of a reconstruction algorithm to estimate the effective PSF of a system and apply it to exploring the on-orbit performance of a constellation of small earth orbiting satellites. We show that this method can be successfully used to track the resolving power across many images and reveal temporal contributions to image sharpness like focus changes, motion blur as well as optical imperfections.
BIO:  Dr. Ignacio A. Zuleta is Imaging/Payload Operations Lead at Planet Labs, Inc. Dr. Zuleta is a graduate of Stanford University, where he pursued studies in developing high speed imaging mass spectrometry instrumentation. He has authored numerous publications and developed imaging sensors, robotic systems, MEMS devices as well as optical instrumentation for biological applications. He currently leads a team responsible for carrying out operations research, image science-based algorithms and image chain management for a constellation of low earth orbit (LEO) earth observation satellites.
16.005  Janja Avbelj – German Aerospace Centre (DLR)
Image Products from the new hyperspectral sensor DESIS
The DLR Earth Sensing Imaging Spectrometer (DESIS) instrument is a new hyperspectral sensor integrated in the Multi-User-System for Earth Sensing (MUSES) platform from Teledyne Brown Engineering. It will be launched to ISS in early 2017 with a four month commissioning phase, followed by the operational phase at least until 2020. The DESIS hyperspectral instrument is realized as a pushbroom imaging spectrometer spectrally sensitive over the VNIR range from 400 to 1000 nm with a spectral sampling distance of about 3 nm employing a 2-dimensional back illuminated CMOS (Complementary Metal Oxide Semiconductor) detector array. The optical design is based on the Offner-type grating spectrometer widely used in hyperspectral imaging. The Ground Sampling Distance (GSD) at nadir view depends on the flight altitude of the ISS and varies approximately between 25 m and 32 m resulting in a swath width of about 30 km. DESIS is equipped with a Pointing Unit (POI) consisting of a rotating mirror in front of the entrance slit allowing a forward and backward viewing change up to ±15° w.r.t. the nominal (e.g. nadir) view. The POI can be operated in a static mode with 0.9° angle steps for the viewing direction and in a dynamic mode with up to 1.5° change in viewing direction per seconds. This allows, besides standard Earth data products, acquisition of stereo or Bidirectional Reflectance Distribution Function (BRDF) products and continuous observations of the same targets on ground (using forward motion compensation mode). Besides a pre-flight spectral, radiometric and geometric calibration and characterization of the instrument in laboratory, the instrument contains an on-board calibration unit comprising different monochromatic and white light LEDs between 400 and 1000 nm. Regular on-board calibration measurements are performed to update the calibration tables for the processors.
DESIS level 1A products (raw data) will be long-term archived while level 1B products (systematically and radiometrically corrected data), level 1C products (geometrically corrected data), level 2A products (atmospherically corrected data) will be processed on demand. The level 1B processor corrects the hyperspectral image cube for systematic effects of the focal plane detector array, e.g. radiometric nonuniformities, and converts the system corrected data to physical at-sensor radiance values based on the currently valid calibration tables. The level 1C processor creates orthoimages based on Direct Georeferencing techniques implementing a line-of-sight model, which uses on-board measurements for orbit and attitude determinations as well as the sensor look direction vectors based on the currently valid calibration values. Furthermore it is foreseen to automatically extract ground control points from existing reference data sets by image matching techniques to improve the geometric accuracy better than one pixel size. The level 2A processor performs atmospheric correction and haze detection of the images by estimating the aerosol optical thickness and the columnar water vapor. Output products will be the ground reflectance cube and masks of land, water, haze, cloud and snow.

[image: ]Ms. Avbelj is a research staff at German Aerospace Centre (DLR), The Remote Sensing Technology Institute (IMF). Within the ground segment of the DESIS (DLR Earth Sensing Imaging Spectrometer) sensor, she is responsible for the automatic processing of the image data. The DESIS image products will be available for humanitarian, commercial as well as scientific use. Ms.Avbelj’s area of expertise is in the field of image processing of remote sensing imagery with a focus on hyperspectral images and data fusion. She has a Master`s of Science in Geodetic Engineering from the University of Ljubljana, Slovenia, and a PhD in Engineering from University of Munich, Germany.

16.006  Jennifer Kyle – Planet Labs  
Radiometric Calibration of the Planet Labs PlanetScope Constellation
Planet Labs operates the world's largest constellation of Earth-imaging satellites, called the PlanetScope constellation.
The PlanetScope sensor is a Bayer Masked CCD system with 3-5 meter resolution, depending on orbit parameters. The PlanetScope constellation currently consists of tens of satellites, with a full constellation of over 100 satellite planned. Planet Labs practices ‘agile aerospace,’ launching frequently and minimizing satellite commissioning timelines. To effectively calibrate the radiometry of tens to hundreds of satellites simultaneously, we are implementing a calibration infrastructure that automates and combines the results of multiple calibration techniques. This system operates in the cloud alongside our image processing chain. Calibration techniques employed include lab calibration, lunar calibration, and PICS calibration. Lab calibration is based on pre-launch spectral radiance measurements using an integrating sphere source. Lunar calibration is based on measurements of the moon. PICS calibration is based on SDSU PICS radiance models. In this talk, we describe our PlanetScope sensor, introduce our automated calibration system, briefly introduce our calibration technique implementations, [image: ]and present our results across multiple PlanetScope satellites for individual calibration techniques and the final radiometric calibration.
Jennifer Reiber Kyle is the PlanetScope Calibration and Validation Team Lead at Planet Labs. Jennifer is in responsible for developing the calibration strategy and roadmaps, designing the automated calibration infrastructure, and leading a team of scientists and engineers in calibrating the world’s largest constellation of imaging satellites. Jennifer has extensive experience in Remote Sensing, Materials Science, Optics and Jennifer received her Ph.D. in Electrical Engineering at the University of California Riverside.

16.007  Joseph Warga – Planet Labs
 Pre-launch Calibration of the Planet Labs PlanetScope Constellation
Planet Labs designs, builds, and operates the largest constellation of Earth-imaging satellites. The nature of the Planet Labs constellations drive unique calibration requirements for ensuring consistency across many sensors and hardware generations that are tested and deployed over the span of months to years. Satellites are produced in rapid build cycles, and must undergo radiometric, spectral, and optical alignment calibration in the matter of days. The visible and near infrared multispectral instrument, named PlanetScope, is calibrated in terms of spectral radiance using an integrating sphere source. Defects in the optics and sensor, a COTS Bayer masked CCD, are monitored coincident with radiometric calibration to assure quality of the instrument. The relative spectral response of each detector on the focal plane array is calibrated at an integrating sphere illuminated by a monochromator. A knife-edge MTF calibration test quantifies the resolution aspect of geometric image quality. The presentation will include descriptions of the instrument, pre-launch calibration techniques, measured uncertainty of pre-launch calibration, and summary of results from calibration for many satellites.
[image: ]
Joseph Warga received a Bachelors of Science in Electrical Engineering from Boston University, Boston Massachussettes (2006) and a Master of Science from the same in Electrical Engineering with a dual concentration in Electromagnetics & Optics and Solid State Electronics (2009). His research was in vacuum deposition and photonic characterization of Silicon nano-crystal thin films. He has spent his career implementing novel remote sensing systems, including multispectral imagers, hyperspectral imagers, and imaging polarimeters in the visible through thermal infrared. Joseph joined Planet Labs in 2013 and is lead of the Optical Instrumentation team.


16.008  Lewis Graham – GeoCue Group 
Building High Performance MUSES Processing Systems in Amazon Web Services
Teledyne Brown Engineering created the Multi-User System for Earth Sensing (MUSES). Scheduled for launch in August 2016, MUSES will attach to the International Space Station (ISS). It is designed to host up to four robotically-installed Earth-observing instruments. The first instrument to be hosted by MUSES is developed by the German Space Agency (DLR). The DLR Earth Sensing Imaging Spectrometer (DESIS) is a 30 meter ground sample distance, 30 kilometer swath, imaging spectrometer with 235 bands ranging from 400 to 1,000 nm. DESIS will launch in early 2017.
GeoCue Group Inc. has been contracted by Teledyne to create a MUSES data processing, cataloging and archiving infrastructure. Building such an infrastructure prior to knowing the full complement of sensors that will eventually be hosted by MUSES, as well as the demand pattern of users, requires a “pluggable” systems architecture that will accommodate new sensors without the need to revise core system components. In addition, the deployment model must be able to automatically and elastically scale in an economic manner to accommodate a wide range of anticipated intake, processing and servicing demands.
To meet this rather unique set of requirements, we are designing a flexible system hosted in Amazon Web Services (AWS). While “cloud” hosted solutions for image cataloging and distribution have existed for more than a decade (consider the original USGS TerraServer project), the use of remote hosted systems for large scale image production has been minimal. Industry reluctance to embrace cloud services for this application area has been largely based on the high cost of data transfer (both in time and dollars) as well as a lack of scalable services that are amenable to image processing algorithms.
The array of hardware and software platform services available from cloud providers has greatly expanded in the past 24 months, making high performance, large data volume processing viable. In this presentation we review the general algorithm patterns of sensor-to-base product image processing and discuss how we have mapped those algorithms to capabilities within AWS. We also discuss the use of self-service ordering to drive back-end image production, creating a customer-driven “just-in-time” (JIT) processing workflow. Finally, we present flows for data staging and archiving based on the tradeoffs between the costs of various storage tiers versus the time lines required for data access.

[image: ]Lewis Graham is the President and Chief Technical Officer of GeoCue Group, a group of companies whose focus is sensor processing workflow management, point cloud exploitation and small Unmanned Aerial Systems (UAS) mapping systems. Prior to founding GeoCue, Lewis was the founding CEO of Z/I Imaging Corporation, a joint venture company of Carl Zeiss and Intergraph Corporation that provided photogrammetry hardware and software solutions. Prior to Z/I, Lewis was an Executive Vice President at Intergraph, managing the Mapping and Civil Engineering business units. He is an active member of the American Society for Photogrammetry and Remote Sensing (ASPRS) where he currently serves as the Chair of the LAS (Point Cloud format) Working Group. Lewis is a member of the Transportation Research Board and currently serves as a panel member of National Cooperative Highway Research Program (NCHRP) 15-44 which is developing standards for mobile LIDAR scanning for transportation. Lewis also serves as a board member of the International Society for Photogrammetry and Remote Sensing (ISPRS) Foundation. Lewis holds degrees in Physics and Electrical Engineering.
16.009  Michael Gruber – Microsoft UltraCam
Update on UltraCam Aerial Sensor Technology
We present the new UltraCam Digital Aerial Sensors which have been launched during the last year. This is the UltraCam Eagle Prime, our new 340 MPixel large format nadir camera, the UltraCam Osprey Prime II, our oblique camera system with photogrammetry grade nadir component and the UltraCam Osprey Prime Lite which allows to step into this technology at a lower price level.
In addition to the new sensors we have in our portfolio an additional lens system at 120 mm focal length for the large format panchromatic image of the Eagle and the Eagle Prime. This lens improves the field of view of the camera with respect to urban mapping ad reduced geometric foreshortening.
In addition to the presentation of our camera products we show details of the calibration and validation procedure of UltraCam Aerial Camera systems. Results from the laboratory calibration and from validation flights are presented for both, the large format nadir cameras and the oblique cameras as well. Thus we show in this contribution results from the laboratory calibration and the validation flight.
The geometric processing after the flight mission is being covered by the UltraMap software product. Thus we present details about the workflow as well. The first part consists of the initial post-processing which combines image information as well as camera parameters derived from the laboratory calibration. The second part, the traditional automated aerial triangulation (AAT) is the step from single image to blocks and enables an additional optimization process.

[image: ]Michael Gruber was born in 1959 in Carinthia in Austria. He got his Abitur in 1977 from the Bundesrealgymnasium in Klagenfurt and joined the Austrian Army after that until September 1978. From then he studied Surveying and Photogrammetry at the Technical University Graz (degree in 1990) and from 1984 - 1990 he was employed at the Institute for Processing and Computer Graphics of Joanneum Research, where he was responsible for projects in Close Range Photogrammetry and Analytical Photogrammetry. From 1990 -1992 he was on the staff of the Department of Remote Sensing, Image Processing and Cartography of the Technical University Graz. After a short period in a private mapping company he joined the Institute for Computer Graphics of the Technical University of Graz to lead the working group for 3D Object Reconstruction. He was responsible for several student lectures at the School of Information Engineering as well as for the supervision of student projects and diploma theses projects. 
In 1997 he got his PhD degree from the Technical University of Graz. From October 1999 to May 2006 Michael Gruber is full time staff of Vexcel Imaging Austria. He was responsible for all photogrammetric issues (Chief Scientist Photogrammetry) at Vexcel. In May 2006 Vexcel was acquired by Microsoft Corp., Redmond, WA. Since then Michael Gruber is full time employee at Microsoft. He is still responsibility for all photogrammetric issues at the Graz office of Microsoft. 
Michael Gruber holds several US patents for developments in digital photogrammetry, among them the basic concept of the digital aerial camera family UltraCam.
16.010  Mary Pagnutti – Innovative Imaging and Research Corp
Reducing the Size and Complexity of Full-Aperture Radiometric Calibrators on Thermal Imaging Satellites
Although moderate to high resolution (100 m or less GSD) satellite-based thermal imaging from sensors like ASTER and Landsat ETM+ and TIRS have shown great utility, there are a limited number of these sensors currently flying and a limited number planned. Important thermal applications like fire detection, volcano monitoring, water management, water quality monitoring, urban heat island mapping, and climate change assessments would benefit from enhanced thermal imaging data streams taken at increased frequency (shorter repeat times) and higher spatial resolution (smaller GSD). One of the factors limiting thermal imaging growth is the size and complexity of traditional on-board full-aperture radiometric calibrators. As an imaging system’s resolution increases (GSD decreases), both the aperture and full-aperture black body calibrator grow, limiting the scalability of this approach. Finding ways to reduce the size and complexity of the on-board calibrator therefor could enable higher resolution thermal imaging sensors. It could also lead to an increase in the number of thermal imaging satellites by lowering their cost, thereby improving (reducing) repeat times. This paper outlines an alternative radiometric calibration approach that could significantly reduce the size, power, complexity and cost of the overall thermal imaging payload. The proposed approach uses a small on-board imaging transfer radiometer bore-sighted with a primary instrument. It is similar to a traditional cross calibration approach but instead incorporates the second calibrated transfer sensor on-board the same spacecraft. By simultaneously acquiring data from both the transfer radiometer and primary instrument on the same spacecraft, the geometry and temporal differences associated with cross calibration are virtually eliminated and the overall accuracy of the approach improves. This type of calibrator could also serve to monitor a primary sensor’s radiometric stability during image acquisition without the primary sensor having to regularly look at a calibration source. An analysis of the transfer radiometer characteristics and the accuracy needed to meet Landsat requirements are provided based on TIRS Landsat 8 Band 10 simulations. Initial analyses indicate that the calibrator aperture diameter of a Landsat TIRS-like instrument’s transfer radiometer could be less than 15 mm, a small fraction of the current calibrator. This approach could also eliminate the need for a primary instrument scene selector mechanism or simplify its implementation. Trades between uncooled and cooled detector implementations are provided. The overall expected uncertainties of this approach and expected error as a function of the ratio of the primary sensor and transfer radiometer GSD are shown.
[image: ]
 Ms. Mary Pagnutti holds a Master’s of Science in Mechanical Engineering from the State University of New York at Stony Brook and has over 25 years of engineering experience ranging from large aerospace defense projects to civil remote sensing applications. From 1998-2007 Ms. Pagnutti supported NASA Stennis Space Center Earth Science programs where she helped to build a nationally recognized in-flight calibration/validation capability. In 2007 Ms. Pagnutti co-founded Innovative Imaging and Research, a company focused on remote sensing image quality and technologies that integrate solid state lighting and imaging systems.
16.012  Paul Bresnahan – Contractor to National Geospatial-Intelligence Agency (NGA)
WorldView-3  Geolocation Accuracy and Band Co-Registration Analysis
The National Geospatial-Intelligence Agency (NGA) Image Quality and Utility (NIQU) division evaluates civil and commercial remote sensing systems for the Department of Defense and Intelligence Community.  NIQU performed geolocation accuracy and band co-registration assessments of the WorldView-3 and GeoEye-1 sensors.  Images evaluated came from the panchromatic and 4-band multispectral sensor for GeoEye-1 and the panchromatic and 8-band multispectral, 8-band shortwave-infrared, and 12-band Clouds, Aerosols, water Vapor, Ice, and Snow (CAVIS) sensors for WorldView-3.  Tests quantified sensor absolute geolocation accuracy, error propagation performance, band co-registration, the co-registration between sensors, and the performance of replacement geometry model geolocation compared to using the physical sensor model.  (Approved for Public Release, 16-083)
16.013  Ray Perkins – Teledyne Brown Engineering, Inc.
Teledyne’s Multi-User System for Earth Sensing (MUSES)
Teledyne Technologies will launch the Multi-User System for Earth Sensing (MUSES) platform in August, 2016. MUSES will attach to the International Space Station (ISS) and is designed to host up to four robotically-installed Earth-observing instruments to return data for commercial, scientific, and humanitarian uses. 
Teledyne retains ownership of the MUSES platform and instruments, retains MUSES instrument data rights, and controls all platform tasking. The instruments and platform will be operated through the Teledyne Tele-Science Center in Huntsville, Alabama, under a NOAA commercial imaging license. MUSES instruments are launched separately from the platform for robotic installation, significantly reducing instrument development time and supporting on-orbit instrument change-out. This approach enables support of both long-term operational instruments and short-duration technology readiness enhancement missions.
The inertially stabilized pointing platform features a two-axis gimbal and provides a 50° field of regard in both along-track and cross-track directions. The platform agility and the ISS orbit support weekly revisit opportunities, enable studies of diurnal variations, and provide varying target aspect angles to support investigation of bidirectional reflectance distribution function effects.
The MUSES system acquires ISS-provided time and ephemeris, adds data from the on-platform Star Tracker and Miniature Inertial Measurement Unit, and then processes this data through a real-time Pointing and Control System (PCS). The PCS has been validated to support the pointing accuracy and pointing knowledge required for both in-flight operations and post-flight ground processing of earth imaging instruments.
Teledyne has established partnerships and agreements with leaders in the geospatial community to  advance the state-of-the-art in commercial, humanitarian and scientific uses of remote sensing. We are negotiating a technical assistance agreement with USGS to aid in cross-calibration of our data with LANDSAT data. We have agreements with SERVIR and UNESCO to support humanitarian projects. We have an agreement with the University Remote Sensing Consortium of Alabama to support remote sensing research, instruction, and vicarious instrument calibration. Teledyne has teamed with the GeoCue Group for cloud-based image processing and distribution. We have partnered with DLR, the German Space Agency, to develop the DLR Earth Sensing Imaging Spectrometer (DESIS). DESIS provides a 30 meter pixel, 30 Civil Commercial Imagery Evaluation Workshop April 11-13, 2016 Fort Worth, Texas kilometer swath, imaging spectrometer. DESIS will launch in early 2017 and provides imagery from 400 to 1000 nm, recording 235 bands with a uniform 2.55 nm bandwidth. DESIS will provide well-calibrated hyperspectral data, using extensive pre-launch systematic, radiometric, spectral and geometric calibration and characterization combined with periodic on-orbit vicarious calibration and cross-calibration with LANDSAT and other instruments. 
The MUSES platform will be the first space-based platform to provide on-orbit replaceable instruments – reducing development costs and schedules for operational and experimental earth sensing instruments. DLR’s imaging spectrometer on MUSES will provide the first commercially available spacebased hyperspectral data from a production-class instrument for commercial, humanitarian, and research purposes.
16.014  Ray Perkins – Teledyne Brown Engineering, Inc.
Imaging Spectroscopy Applications using the DESIS Hyperspectral Instrument on MUSES.
The DLR Earth Sensing Imaging Spectrometer (DESIS), operated from the Teledyne Multi-User System for Earth Sensing (MUSES), will provide space-based Visible to Near InfraRed hyperspectral data to support scientific, humanitarian, and commercial objectives. The DESIS instrument will be the first commercially   available, production-class, space-based imaging spectrometer capable of delivering nearglobal coverage with long-term, high quality, high spectral resolution data. This will enable significant new research, expand the dimensions of humanitarian crisis response, and provide improved large-scale commercial spectral analytic applications. 
Research will include such subjects as non-linear spectral unmixing, sparse signal reconstruction, denoising and inpainting. Investigations will be conducted for long-term monitoring of ecosystems, habitat restoration and remediation, vegetation development trends, water quality of coastal zones and oceans, as well as raw materials and minerals inventories and snow and ice cover assessment.
DESIS has experimental modes to support additional research, including as an off-nadir along track pointing mirror for BRDF investigations, forward motion compensation studies, and stereo imaging in the hyperspectral domain. These modes allow development of new scientific methods and research applications. Future instruments integrated on the MUSES platform will generate multi-modal data sets to derive new algorithms for data fusion.
Humanitarian applications will include environmental impact assessment in the surroundings of refugee camps to measure land degradation or wood fuel, wetland monitoring for water shortages, change detection under near-real time conditions, vegetation mapping for habitat categorization in the context of health mapping, or mapping of flooded areas. DESIS satellite data with high spectral information and high global revisit time will increase the value of the derived information for humanitarian aid.
The high spectral, medium spatial, and medium temporal resolution of the DESIS instrument will support commercial applications where fine VNIR spectral measurements performed at intervals of weeks to months over moderate to large geographic areas will provide enhanced value. Potential commercial markets include assessments of medium to large-scale crops, forests, and terrestrial environments, as well as marine, ocean, and inland fresh-water monitoring.
Research conducted over the last two decades has established that hyperspectral data can improve the quality and accuracy of vegetation classification, health assessments, and stress indications. Recent research Civil Commercial Imagery Evaluation Workshop April 11-13, 2016 Fort Worth, Texas has validated the use of space-based hyperspectral imagery for estuary and inland water monitoring. Fusing the DESIS spectral content with panchromatic, multi-spectral, and radar imagery will enable enhanced analyses across multiple domains within agriculture, forestry, aquaculture, and environmental management.
Teledyne commercial products will initially include calibrated and orthorectified DESIS data registered to Landsat imagery, either as on-demand taskings or from the growing DESIS archive to value added providers, service providers, and end-users. We will expand these offerings using our partnerships with research and development organizations, such as DLR and the University Remote Sensing Consortium of Alabama, to move validated research applications into commercial production for vertical markets.

[image: ]Mr. Perkins is the Chief Engineer leading the development of the ground segment for Teledyne Brown Engineering’s (TBE’s) Multi-User System for Earth Sensing (MUSES). MUSES will launch in August 2016 and then be robotically installed on a nadir-facing berth of the International Space Station. The MUSES platform will host up to 4 earth-observing instruments and provide remotely-sensed data for commercial, scientific and humanitarian customers. Mr. Perkins joined TBE in 2004, supporting TBE’s efforts to fulfill the nation’s Vision for Space Exploration. During his tenure with TBE, he has led Systems Engineering, Modeling and Simulation, and Command and Data Handling teams supporting space launch vehicles and orbiting payloads. 
Mr. Perkins has worked in the aerospace, defense, and technology sectors for 40 years. His prior experience includes managing the design, development and fielding of geospatial information systems as well as real time tracking, control and management systems for U. S. and international customers. Mr. Perkins has a Bachelor’s of Science in Chemistry from Auburn University and a Master’s of Science in Computer Science from the University of Alabama in Huntsville.
16.015  Sara Bahloul – BlackBridge
Calculation of the Modulation Transfer Function of the RapidEye Sensors
For a satellite image provider such as BlackBridge AG, it is of crucial importance to know and monitor the quality of the acquired raw images as well as the delivered image products. BlackBridge AG operates the RapidEye satellite constellation of five identical optical multispectral satellites, which are rigorously calibrated both geometrically and radiometrically.
A method was implemented to assess the vertical and horizontal MTF at Nyquist from normal, operational RapidEye imagery. This way, the assessment can be performed for current as well as for archived imagery, allowing to obtain results for any desired point in time and thus providing comparability of the behavior of the spatial characteristics of the sensors over the mission lifetime. The used step-edge technique evaluates the transition between a very homogeneous dark area to a very homogeneous bright area along an extremely sharp, straight edge within the image with either automatically detected or manually defined edges.
Sara Bahloul holds a Bachelor degree in Mathematics from the University of Bonn, Germany and a Master degree in Geodesy and Geoinformation Science from the Technical University Berlin, Germany. She is a Calibration & Validation Engineer at BlackBridge AG in Berlin, Germany, helping to take care of the overall calibration and validation and all related tasks for the RapidEye satellite constellation of five identical optical multispectral imaging satellites.
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16.017  Zhouting Wu – US Geological Survey 
Evaluating remote sensing data impacts from the bottom up – A USGS example
US Geological Survey (USGS) initiated the Requirements, Capabilities and Analysis for Earth Observations (RCA-EO) project in the Land Remote Sensing (LRS) program, collaborating with the National Oceanic and Atmospheric Administration (NOAA) to jointly develop the supporting information infrastructure – the Earth Observation Requirements Evaluation System. RCA-EO enables us to collect information about the usage of Earth observation data supporting USGS products, services, and research activities, including spaceborne, airborne, surface and subsurface sensors and platforms. The impact of an observing system is computed using subject matter expert input and a decision analysis tool to represent the relative contribution of individual observing systems to USGS products and services, as well as organizational strategic goals. We engaged over 500 subject matter experts in USGS to evaluate the impact of Earth observing systems on 345 key USGS products and services. Early analysis of these data focused on the relative comparison between the impacts of commercial and non-commercial systems on USGS products and services, to inform potential gaps for emerging technology and new sensors. We believe the approach and philosophy of RCA-EO can be applied in much broader scope to derive comprehensive knowledge of Earth observing systems impacts and usage and inform data products development and remote sensing technology innovation.
BIO: Zhuoting Wu obtained her B.S in Biology in China Agriculture University, and PhD in Biology from Northern Arizona University in Flagstaff, Arizona. Her dissertation was on climate change impacts on carbon cycling and vegetation productivity in terrestrial ecosystems. She started working in USGS on the global cropland mapping projects including FEWSNET and WaterSmart since 2009 as a remote sensing scientist in the Western Geographic Science Center in Flagstaff. Zhuoting’s current research is focusing on mapping vegetation biomass and carbon stocks using remote sensing on tribal lands in the Southwest US (http://www.usgs.gov/climate_landuse/lcs/projects/vcarbon.asp). Zhuoting started to lead the analysis component within the Requirements, Capabilities and Analysis for Earth Observations in the Land Remote Sensing program of USGS in 2015 (http://remotesensing.usgs.gov/rca-eo/).
16.018  Chris Comp – DigitalGlobe
WorldView-3 SWIR Instrument Performance and Applications
DigitalGlobe launched the WorldView-3 satellite in August 2014 with an auxiliary-payload Short-Wave-Infrared (SWIR) instrument.  This presentation will focus on the SWIR instrument, which complements the Visible and Near-Infrared (VNIR) instrument to offer the highest-resolution superspectral capabilities in the commercial remote sensing industry.  The SWIR instrument calibration results are presented including geometric and radiometric performance.  SWIR applications will also be presented to show the unique capabilities offered by the WorldView-3 system.
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 Dr. Chris Comp is a Technical Fellow at DigitalGlobe, where his work has focused on precise attitude estimation, sensor calibration, and geometric modeling and analysis for the past 13 years. He has experience with the QuickBird-2, WorldView-1, 2, and 3 satellite systems, from conceptual design to launch and calibration of navigation and optical sensor systems. Prior to that, his work focused on algorithms and technology for GPS-based navigation of aircraft and satellites. He has a B.S. degree in Aerospace Engineering from the University of Arizona, a Ph.D. degree in Aerospace Engineering Sciences from the University of Colorado, and a Post-Doctorate from Stanford University.

16.019  Michele Kuester – DigitalGlobe
Improvements to and Update on the Absolute Radiometric Calibration of the DigitalGlobe Constellation 
Reflectance-based (also known as vicarious) calibration is used by DigitalGlobe at Longmont, CO, USA. This approach to on-orbit calibration requires ground-based surface reflectance measurements of specialized calibration targets.  Atmospheric characterization is also an important key to obtaining good results. These data are collected at the same time as the overpass of the intended sensor for calibration and then used as inputs to a radiative transfer code that computes predicted at-sensor radiances for comparison to the sensor under test.   Several data points are collected throughout a calibration season over well-characterized targets.  These data are used in a linear regression to come up with a gain and offset that is an adjustment to the pre-launch absolute calibration factor that is currently reported in the supporting documentation that is shipped with DigitalGlobe imagery.  
This paper describes the work done in 2015 to improve the vicarious calibration methodology used by DigitalGlobe to validate the absolute radiometric calibration coefficients of the current DigitalGlobe constellation of sensors including WorldView-3, WorldView-2, GeoEye-1, and WorldView-1.   Work done in the 2015 vicarious season included the washing of our two-year old calibration tarps to bring back their uniformity and expected reflectance.   Upgrades to the radiative transfer code gained improvements in the water vapor bands; and inclusion of further atmospheric measurements helped to improve results in the visible bands as well in the final results.  Coefficients derived during the 2015 vicarious campaign are compared to the 2014-based results.  New recommended calibration adjustment coefficients will be presented.
[image: ]Dr. Michele Kuester has 15+ years of experience in the radiometric calibration and validation of both space and airborne earth remote sensing instrumentation. At DigitalGlobe, Kuester is focused on the absolute radiometric calibration efforts for WorldView-2, GeoEye-1 and WorldView-3 sensors. Prior to DigitalGlobe, she worked with the SDSU team supporting NASA on pre-launch radiometric characterization of both instruments onboard the LDCM payload. Kuester helped to develop the airborne platform and labs at NEON Inc. in Boulder, CO. In addition, while at Ball Aerospace she led an initiative to develop and fly proof-of-concept Earth observing sensors and the team that designed the Ball Heliostat Test System. Kuester holds a Ph.D. in Atmospheric and Oceanic Sciences from the University of Colorado-Boulder. She also has a M.S. in optical sciences and B.S. in Physics from the University of Arizona-Tucson, where she worked with the Remote Sensing Group participating in the reflectance-based vicarious calibration of sensors such as Landsat, MODIS and SPOT.

16.020  Qassim Abdullah – Woolpert, Inc.
Evaluating Single Photon and Geiger Mode Lidar Technology for the 3D Elevation Program (3DEP)
Recent advances in lidar technology, specifically new designs based on very sensitive detectors and focal plane array receivers offer unique possibilities for wide area acquisitions of dense lidar point clouds. The USGS National Geospatial Program (NGP), in collaboration with many Federal agencies in the 3D Elevation Program (3DEP) Working Group were interested in evaluating such capabilities and limitations of the single photon lidar and Geiger mode lidar, and to assess their suitability to meet quality requirements for the 3DEP. The USGS contracted Woolpert, Inc. and Dewberry for the tasks of designing a comprehensive evaluation plan, independently evaluating the data and publishing a report on the findings. A consortium of Federal agencies tasked to investigate emerging 3D technologies as they relate to 3DEP, the Emerging 3D-Working Group, also independently evaluated the data.  Two data providers, namely Sigma Space and Harris, corp., who are using the new technology participated in the evaluation plan by acquiring data over a well-controlled site using their systems and makes it available for the evaluation. The presentation discusses details of the evaluation and final conclusions and recommendations.
[image: ] Dr. Qassim Abdullah is an accomplished scientist with more than 37 years of combined industrial, research and development, and academic experience in analytical photogrammetry, digital remote sensing, and civil and surveying engineering. His current responsibilities include designing and managing strategic programs to develop and implement new remote sensing technologies focused on meeting the evolving needs of geospatial users. Currently, Dr. Abdullah is a lead research scientist and a member of Woolpert Labs team. 
His latest accomplishments include the calibration and processing of data from the single photon counting LiDAR and leading Woolpert research activities in the field of Unmanned Aerial System (UAS), its sensor calibration, and its workflow development. Dr. Abdullah publishes a monthly column “Mapping Matters”, in the American Society for Photogrammetry and Remote Sensing (ASPRS) journal PE&RS and he is the recipient of the 2010 prestigious Photogrammetric Fairchild award of the ASPRS and he serves as an adjunct professor at the University of Maryland, Baltimore County and at Penn State teaching graduate courses on UAS, Photogrammetry and Remote Sensing. Most recently, Dr. Abdullah was awarded the Presidential Citation award from the American Society for Photogrammetry and Remote Sensing (ASPRS) in recognition to his contributions in co-authoring the new “Positional Accuracy Standards for Digital Geospatial Data”.
16.021  Jim Storey – SGT contractor to USGS EROS
Radiometric and Geometric Performance of Sentinel 2A (S2A) Multispectral Imager (MSI) Compared to Landsat 8 Operational Land Imager (OLI)
Sentinel-2A (S2A) launched in June 2015. The Multispectral Imager (MSI) on board of S2A consists of spectral bands similar to the sensors on board of Landsat-8 and SPOT providing the opportunity to the remote sensing users to augment their research with better temporal coverage. While using data from multiple sensors it is important that radiometric and geometric calibration of the sensors are consistent and well calibrated.
The performance of early Sentinel-2A (S2A) MSI data were assessed with respect to three geometric characteristics:  1) absolute geolocation accuracy; 2) registration accuracy as compared to Landsat 8 OLI imagery; and 3) band-to-band registration accuracy. Since the Sentinel-2 geometric framework, based upon a global set of reference images, was still under construction at the time of this analysis the absolute geolocation results should be considered preliminary. Nevertheless, the geometric quality of the S2A MSI data appears to be comparable to or better than Landsat 8 allowing MSI and OLI data to be interoperable once remaining inconsistencies between the S2A and L8 geometric reference systems are resolved.
[image: ]The radiometric performance was evaluated by comparing S2A MSI sensor responses with well calibrated Landsat 8 OLI sensor responses using near simultaneous data over Pseudo Invariant Calibration Site (PICS) Libya 4. Spectral differences between the two sensors were accounted for using a spectral signature of the site derived from Hyperion hyperspectral image data. Initial analysis suggests good agreement between the two sensors. However, when data from both sensors are used together, the users should pay attention regarding the spectral band differences between the two sensors as the spectral difference adjustment is target dependent and may vary significantly from target to target.
Education: BS Civil and Environmental Engineering, 1979, Cornell University; MS Civil and Environmental Engineering, 1981, University of Wisconsin – Madison; MS Electrical Engineering, 1989, The Johns Hopkins University. Experience: Sensor and satellite modeling, algorithm design, system engineering, software design and development, system integration, and production operations for sensor data analysis and calibration, image processing, and photogrammetric exploitation systems. Experience with USGS, NASA, DoD and commercial remote sensing customers. Currently the geometric calibration/validation lead for the Landsat Data Continuity Mission.
16.022  Minsu Kim – SGT contractor to USGS EROS
Evaluation of new technologies for commercial Lidar data 
This research will look at new lidar data acquisition technologies based on single photon detection that will be seen in the commercial lidar industry in the near future. An overview of these two technologies will be presented followed by an analysis of data collected by these two systems, in comparison to data collected from conventional lidar data and ground control points.
[image: ]Minsu Kim received PhD in Remote Sensing from Cornell University. He worked on the atmospheric correction of airborne hyperspectral and satellite data, ocean optics remote sensing data inversion, coastal data image processing, optical theory of lidar, lidar waveform processing, and system design. 
Stinger Ghaffarian Technologies (SGT) Contractor to the U.S. Geological Survey (USGS) Earth Resources Observation and Science (EROS) Center 47914 252nd Street Sioux Falls, SD   minsukim@usgs.gov


16.023  Ajit Sampath – SGT contractor to USGS EROS
A Summary of System Analyses at the USGS EROS
This presentation will present an overview data analyzed at the USGS EROS within the past year, including a brief description of methods used to assess the quality and performance of data and then summaries pf results per system.  Systems to be covered include RapidEye, Deimos-2, Planet Labs, as well as elevation data from Vricon, a joint venture of Saab and Digital Globe.
[image: Aparajithan Sampath]Bio:  Aparajithan (Ajit) Sampath obtained his PhD in Geomatics Engineering from Purdue University. During his PhD, Ajit worked on many projects sponsored by the Indiana department of transportation and NASA. Ajit's thesis was on automatic segmentation of 3D point cloud data and generating topologically correct 3D building models. For the past 7 years, Ajit has been working as calibration engineer at the US Geological Survey's EROS data center. He has helped calibrate satellite remote sensing sensors, aerial cameras, and lidar sensors. Ajit's research interests include sensor modeling, quality assessment of data, feature extraction, linear and non linear optimization.

16.024  Jon Christopherson – SGT contractor to USGS EROS
An Update on Spaceborne Remote Sensing
[image: ]This presentation will provide an update to JACIE/ASPRS keynote presentation given in 2015 describing recent developments in spaceborne remote sensing.  This update will include an introduction to some of the increasing number of new firms entering the market, along with new systems and successes from established players, as well as industry consolidation reactions to these developments from communities of users.
Jon Christopherson works at the USGS EROS Center as a contractor with SGT, Inc. With degrees in Electrical Engineering and Space Studies, he has worked with ground, airborne, and space-borne electro-optical sensors for over twenty-five years in various defense, aerospace, and civil programs, both domestically and internationally. He currently is supporting the USGS in the ongoing calibration of Landsat sensors, compiling information on remote sensing systems, assessing the capabilities of satellite and aerial data, and other tasks across the broad spectrum of remote sensing.

16.025  Byron Smiley - Skybox Imaging (Terra Bella)
The Geometric Quality of the Ortho Product Made by Google

Google continues to develop their automated processing pipeline for SkySat-1 and 2 imagery. The Geo product described at JACIE 2015, which was projected to a constant height above ellipsoid, has been superceded by a fully rectified Ortho product. The details of Ortho production that influence geometric quality will be discussed, with emphasis on the terrain models used during orthorectification, and the choice of reference map layers used to correct the open loop geolocation error. The geometric quality of Google Orthos can be measured in several ways. The simplest measure is the relative alignment of multiple Orthos taken of the same place on different dates. We will present a relative accuracy metric for Orthos over representative target locations, characterizing how many pixels of offset remain after adjustment against a reference map layer. Another measure of Google Ortho quality is the final geolocation accuracy of individual collections after adjustment. Provided that the Ortho contains GCPs, the accuracy of the georeferencing both before and after adjustment can be computed. We will show the improvement in georeferencing for a sample of GCP sites.
[image: ]
Dr. Byron Smiley has been in the remote sensing industry for 12 years. He is a subject matter expert in the geometric calibration of high resolution imaging satellites, whose responsibilities include fitting the interior orientation of the camera model, determining the optimal orientation of the camera model relative to the satellite body, and assessing the absolute and relative geolocation accuracy of orthorectified products. His remote sensing experience includes 7 years at DigitalGlobe, 1.75 years at BAE Systems, and 1 year at Skybox Imaging prior to their acquisition by Google in 2014. He has persevered with Google post acquisition for 1.5 years, and has watched it evolve from a high profile partner of many high resolution satellite companies into a full fledged satellite imagery provider itself. Byron speaks at JACIE 2016 to reassure everyone that Google has a constellation of well-calibrated SkySats at their disposal. Using them, Google is poised to help users see, discover, and understand daily patterns of life on Earth, which will undoubtedly help solve many big problems.

16.026  Jeff Czapla-Myers – University of Arizona
Uncertainty Analysis for the Radiometric Calibration Test Site (RadCaTS) at Railroad Valley, Nevada
The Radiometric Calibration Test Site (RadCaTS) at Railroad Valley, Nevada is used to perform the calibration and validation of Earth-observing sensors in the 400 nm to 2500 nm spectral range. It was developed by the University of Arizona in response to a need to collect data for the ever-increasing number of on-orbit sensors without the costrestrictive requirement of ground-based personnel. It is currently being used to provide absolute radiometric calibration and surface reflectance validation data to such sensors as Landsat 8 OLI, Terra and Aqua MODIS, SNPP VIIRS, WorldView, RapidEye, and Sentinel-2A MSI. RadCaTS is also currently one of four sites that are taking part in the prototyping phase of the CEOS WGCV Radiometric Calibration Network (RadCalNet) along with sites at La Crau (France), Baotou (China), and Gobabeb (Namibia). A well-documented and traceable uncertainty budget will be a key element to the future success of RadCalNet. This is critical because each site uses different instrumentation and processing techniques to determine the inputs they will provide to RadCalNet for calculation of top-of-atmosphere (TOA) reflectance to be used for comparison with Earth-observation sensors. In order to ensure that the sites provide results that are on the same radiometric scale, an end-to-end uncertainty budget is required. This work describes the uncertainty budget that has been derived for RadCaTS at Railroad Valley, though the approach to deriving the uncertainties has general application across other sites and vicarious methods. The analysis includes many factors such as the instrumentation used to make surface reflectance and atmospheric measurements, the exoatmospheric solar irradiance model, spatial sampling of the site, and the MODTRAN radiative transfer code. The overall uncertainty of RadCaTS is determined using a combination of analytical and Monte Carlo approaches. The results provide a detailed uncertainty budget for the TOA spectral radiance that is derived from ground-based measurements.
[image: ]Jeff Czapla-Myers is an Associate Research Professor in the College of Optical Sciences at the University of Arizona. He has worked at the College of Optical Sciences as a faculty member since 2008. He is currently part of the Landsat Calibration Working Group, the MODIS Science Team, the Suomi NPP Science Team, and the CEOS WGCV IVOS RadCalNet Working Group. He works on instrument development and the in-flight calibration of airborne and spaceborne sensors such as Landsat 7 and 8, MODIS, VIIRS, ASTER, MISR, Sentinel-2 MSI, Worldview-2 and-3, and RapidEye.


16.027  Brian Wenny – Science Systems & Applications, Inc
RadCalNet: A prototype radiometric calibration network for Earth observing imagers
A challenge for the scientific community in respect to the ever-increasing number of Earth observing satellite sensors is to ensure that the absolute radiometric calibration of the sensors is harmonized to the same SI-traceable scale.  Assessing the post-launch radiometric calibration is the responsibility of each sensor team and typically involves simulating the top-of-atmosphere signal from in-situ and atmospheric measurements.  As this is done on an individual sensor-by-sensor basis often using a single ground site, radiometric biases can exist between sensors.  In an effort to minimize these biases, the Committee on Earth Observation Satellites (CEOS) Working Group on Calibration and Validation (WGCV) Infrared Visible Optical Sensors (IVOS) is currently working to develop the prototype radiometric calibration network, RadCalNet. This network will standardize methodology and processing streams for participating ground sites.  The current RadCalNet working group consists of members from the National Aeronautics and Space Administration (NASA, USA), the Centre National d’Etudes Spatiales (CNES, France), the European Space Agency (ESA), the National Physical Laboratory (NPL, UK), the University of Arizona (USA), and the Academy of Opto Electronics (AOE, China). Four radiometric calibration test sites in the USA, France, China, and Namibia are being used as test cases for the collection of surface reflectance and atmospheric data, which are then converted to top-of-atmosphere (TOA) reflectance for comparison with a limited number of satellite sensors.  The goal of the RadCalNet working group is to be operational by the end of 2016 and to provide via a public website site the hyper-spectral (in the range 400 nm to 1000 nm and at specific sites up to 2500 nm) TOA reflectance at 30-minute intervals for a nadir viewing sensor for the 4 sites.  
[image: ]
Brian N. Wenny received a B.S. degree in physics from Ursinus College in Collegeville, PA in 1991, and M.S. and Ph.D. degrees in atmospheric science from North Carolina State University, Raleigh, in 1996 and 2000, respectively. 
He is currently a Chief Research Scientist with Science Systems and Applications, Inc. (SSAI) in Lanham, MD working primarily on the RadCalNet project. Previously he spent 10 years with the Moderate-Resolution Imaging Spectroradiometer Characterization Support Team (MCST). He has also worked in support of the Thermal Infrared Sensor (TIRS) on Landsat 8 and the Stratospheric Aerosol and Gas Experiment III (SAGE III).


16.029  Kurt Thome – NASA
Use of automated in-situ measurements for sensor harmonization
Vicarious calibration approaches using in-situ measurements saw first use in the early 1980s and have since improved to keep pace with the evolution of the sensors that are being calibrated.  The advantage to in-situ measurements is that they lead to a well-demonstrated and traceable accuracy.  The drawbacks are the costs and labor-intensive nature of those approaches.  The development of multi-platform constellations and the need to ensure radiometric consistency across them has led to the implementation of automated ground sites and the accuracy of the results from these automated sites make them suitable for harmonizing the radiometric output from multiple sensors.  Results are shown to demonstrate the utility of automated sites for harmonization of constellations of sensors as well as the utility of making the data from such sites more widely available to instrument teams. 
16.030  Kurt Thome – NASA
Radiometric calibration of DigitalGlobe sensors using automated in-situ measurements
Vicarious calibration approaches using in-situ measurements saw first use in the early 1980s and have since improved to keep pace with the evolution of the sensors that are being calibrated.  The advantage to in-situ measurements is that they lead to a well-demonstrated and traceable accuracy.  The drawbacks are the costs and labor-intensive nature of those approaches.  The development of multi-platform constellations and the need to ensure radiometric consistency across them has led to the implementation of automated ground sites and the accuracy of the results from these automated sites make them suitable for harmonizing the radiometric output from multiple sensors.  Results are shown to demonstrate the utility of automated sites for harmonization of constellations of sensors as well as the utility of making the data from such sites more widely available to instrument teams.
16.031  Dennis Helder – SDSU 
A 1st Principles Approach for Absolute Radiometric Calibration Using Pseudo Invariant Calibration Sites

A comprehensive field campaign was conducted at the Imperial Sand Dunes in Southern California to determine the efficacy of using the site for absolute calibration of optical remote sensing satellites.  Several teams were present to measure the optical properties of the sand dunes using a variety of hand-held spectrometers, field goniometers, and also airborne equipment.  The goal was to develop a comprehensive understanding of the BRDF properties of the sand dunes from field-based measurements, and then to correlate those measurements with laboratory-derived BRDF from sand samples obtained during the campaign as well as the airborne data collected during the campaign.  An overarching goal was to develop the site as a pseudo-invariant calibration site (PICS) suitable for absolute calibration of satellite sensors based on a surface reflectance model that could be coupled with an atmospheric model and a solar model to predict top-of-atmosphere radiance or reflectance without the need for on-site measurements during overpass of the sensor.  
This paper shows initial results developed from the field campaign and applied to several sensor systems.  A surface reflectance model was developed from the data collected at the site and validated through laboratory measurements from sand samples collected at the same location.  Modtran was used for the atmospheric model, and the solar model most often used for a particular sensor was incorporated into it.  Results were generated for Landsat 7 and 8 using data from the Landsat archive at USGS EROS and predicted TOA values were compared to measured values.  Initial results were within 3-5% of each other and show the viability of using this approach.
16.032  Dennis Helder – SDSU
Performance of Lifetime Statistics Derived Relative Gains for Landsat 8 OLI

Accurate estimation of the relative gains for detectors in pushbroom sensors is critical for both the cosmetic as well as the radiometric performance of these systems.  Estimation can be performed in a variety of ways including on-board diffusers, side-slither maneuvers, and by analysis of lifetime statistics obtained from imagery collected by the detectors.  Each method has its advantages and disadvantages with no single method meeting the needs of all sensors.  However, all three approaches have been used with Landsat 8 OLI, most recently with the addition of the lifetime statistics approach.  In this paper, a comparison is made between the lifetime statistics approach and the on-board diffuser approach.  Relative gains were generated every 16 days throughout 2014 and 2015 and compared the diffuser-based relative gains that are currently used in OLI calibration.  Results indicate that the lifetime statistics-based gains are very similar in value to the diffuser-based gains, although some structural differences exist.  Both sets of relative gains were applied to test images that span the dynamic range of the sensor using dark forests and water, as well as brighter desert and snowfield targets.  A striping metric was used to evaluate all of these images.  Statistical analysis of the results showed the relative gains calculated based on the lifetime statistics compared favorably with the diffuser-based relative gains.  These estimates could be further improved by using only bright homogeneous scenes to estimate relative gains.  As a result, the lifetime statistics method provides a valuable backup to the onboard diffuser should it ever fail, and can provide a solid primary method for calculating relative gains for pushbroom instruments that do not have the luxury of an onboard diffuser system.

[image: Dr]Dennis Helder received the B.S. and M.S. degrees in electrical engineering from South Dakota State University and the Ph.D. in engineering from North Dakota State University.  
He has been involved with radiometric calibration of the Landsat series of instruments since 1988.  He founded the SDSU Image Processing Laboratory in 1991 and is the current director.  He has been involved with the Landsat 7 Science Team, the EO-1 Science Validation Team, and is currently a member of the Landsat Data Continuity Mission Science Team.  Helder is currently the Associate Dean for Research in the College of Engineering at South Dakota State University and Distinguished Professor of Electrical Engineering.


16.034  Sung-Hwan Park – University of Seoul

Application and evaluation of different Topographic correction models for Landsat-8 OLI images

Remotely sensed images are affected by topographic effect, especially in mountainous areas. Sunshaded slopes have a lower reflectance intensity than sun-facing slopes. The topographic effects cause errors in analysis of mountainous areas. A number of topographic correction methods have been developed to reduce the effects of the mountainous region and quantitative evaluation methods have been proposed to compare the performance between the topographic models. In this study, we applied different topographic correction methods and evaluated using histogram distance between the sun-facing and sun-shaded slopes after correction. The method was tested using Landsat 8 OLI images that include natural vegetation and snow cover. Also, SRTM DEM is used for topographic correction. Five types of topographic correction models were tested: Cosine, Statistical-empirical, C-correction, Minnaert, and Minnaert+SCS. From the sun-shaded and sun-facing area, we estimated the PDF. The Bhattacharyya distance metric is selected to compute the similarities between the two PDFs. From the results of evaluation, (i), the analysis showed that the correction performance largely depended on the land cover types and wavelength. Therefore, when applying the methods to correct the topographic effects, the appropriate bands should be corrected through quantitative evaluation. (ii), we compared the NDVI and NDSI values based on the original image, the Minnaert+SCS image, and the hybrid image which combines the best performances. We recognized that the hybrid images are better at estimating vegetation and snow cover areas than the original image and other images.

[image: ]
 1. Education 
- Ph.D. Candidate, Geoinformatics, University of Seoul, Seoul, Korea, Present 
- B.S., Geoinformatics, University of Seoul, Seoul, Korea, 3/2005 – 8/2011 
2. Experience 
- Monitoring of snow cover variation using optic images, 
- Observations of land surface temperature (LST) using thermal infrared (TIR) images and performance 
improvements of the LST technique 
- Comparative performance analysis of topographic corrections models


16.035  Michael Sitar – Teledyne Optech

SwathTRAK™ and Dynamic FOV Surveying:  Lidar Innovation for High-Efficiency Mapping

Fixed-FOV surveying has long been an underlying assumption for the collection of airborne geospatial imagery and data.  However, the data footprint can be greatly affected by terrain variation and/or the relative height of the platform to the ground.  This dynamic variation can greatly affect planned flightline spacing, and ultimately collection efficiency, by requiring operators to cluster flightlines together to accommodate for the worst-case scenario when data swaths are at their narrowest because the terrain is closest to the aircraft (e.g. mountain peaks).  To overcome this efficiency limitation, greatly improve point distribution, and provide more consistent point density within a single swath, an innovative approach leverages an airborne laser terrain mapper (ALTM) GALAXY sensor equipped with a programmable oscillating scanner and a real-time sensor protocol to dynamically adjust the scan FOV in-flight in response to terrain variation.  This patent-pending technique, known as SwathTRAK™ mode, dramatically increases collection efficiency and overall data quality over traditional fixed-FOV sensors.  This presentation will provide an overview of the technique and a field comparison of data collected with and without SwathTRAK in a high-relief environment.

[image: ]Michael Sitar is the Business Manager of Teledyne Optech’s Airborne Mapping Solutions Division. Michael has a Master’s degree in Environmental Science and Spatial Data Analysis/Remote Sensing from the University of Waterloo. With over fifteen years of lidar experience within the airborne products technical management team, Michael has previously worked as a Field Operations Coordinator, Manager of Airborne Operations, and more recently as Teledyne Optech’s Airborne Products Manager.




16.036  Stephen Schiller – Raytheon

Application Of The Specular Array Radiometric Calibration (SPARC) Method For The Vicarious Calibration Of Landsat Sensors

Vicarious Calibration has been widely adopted as the means to validate the quality of remotely sensed data from space-based sensors established by pre-flight and on-board calibration systems. For moderate to large footprint sensors, natural targets, such as pseudo invariant sites, are typically used as references to monitor radiometric performance and trending from in-scene data acquired during normal imaging operations. However, even if instrumented, the surface reflectance stability of these targets with varying view geometry and time is problematic, requiring repeated imaging over months to years to reveal the state of affairs in sensor performance above the intrinsic noise of the site itself. Deploying artificial radiance targets as a vicarious reference can improve reflectance knowledge stability and repeatability but has a practical cost and effort limitation because of the size of the targets needed to overcome geometric and point spread function issues. In this presentation, an artificial target alternative for larger footprint sensors is described based on the Specular Array Radiometric Calibration (SPARC) method as applied to Landsat 7 and 8. The SPARC method makes available compact, easy to deploy and accurate intensity references for vicarious calibration applications. SPARC targets consist of panels of convex mirror that allow the sensor to directly image the sun without saturation within an image scene. Atmospheric transmittance is the only ground truth measurement required at overpass and the images record multiple point targets sampling the sensor response at different points in the dynamic range. Described will be the target design, deployment process and resulting image data. The radiometric performance of the SPARC method will be demonstrated with a sample calibration and image quality analysis of Landsat 8.

[image: ]Stephen Schiller supports an active research and development program as a calibration scientist at Raytheon Space and Airborne Systems, El Segundo, CA developing in-flight calibration and validation methods for space-based and airborne imaging systems. This includes both on-board and vicarious methods for a wide range of earth observing systems. Stephen is also an adjunct professor in the Physics Department at South Dakota State University involved in mentoring and collaboration with students and faculty in the SDSU Image Processing Lab. He was a co-founder (with Dennis Helder) of the vicarious calibration program at South Dakota State University supporting numerous NASA and USGS remote sensing programs including the NASA/JACIE Commercial Satellite Calibration program starting in 2000/2001. Stephen received his Ph.D. in Astrophysics from the University of Calgary, Canada; M.S. degree in Astronomy from Ohio State University and a B.S. degree in Physics from Walla Walla University

16.037  David Allen – NIST

Calibration Standards and Services for Emerging Remote Sensing Technologies

The National Institute of Standards and Technology (NIST) is responsible for establishing and disseminating radiometric scales that are an integral part of the satellite sensor calibration and validation process. The facilities and services that support the remote sensing community continue to evolve as the sensor technologies advance.  New compact sensors are providing new opportunities to extend remote observations from the ground level to space.  This talk will provide an overview of the capabilities in the NIST Sensor Science Division and highlight the developments intended to meet the demands in optical sensor technology.

Bio:  David Allen is a Research Chemist at the National Institute of Standards and Technology. His work in the Sensor Science Division of the NIST Physical Measurement Laboratory has focused on the spectral reflectance properties of materials and performance of compact imaging spectrometers. His interests include applying hyperspectral imaging to environmental, industrial, and medical related applications. He holds a PhD in Earth Systems and Geoinformation Sciences, with a concentration in Remote Sensing, from George Mason University.

16.038  David Mulawa – DigitalGlobe

Geolocation Accuracy Performance of the DigitalGlobe Constellation During 2015

The DigitalGlobe constellation of high-resolution imaging satellites continues to provide very good
geolocation accuracy performance. This update includes geolocation accuracy assessment results summary from 2015. This presentation also includes a relative geolocation accuracy results from an example block adjustment.

[image: ]David Mulawa is employed by DigitalGlobe in the Remote Sensing Science team and supports geometric camera calibration of the satellite constellation. He has 25 years of experience in photogrammetric R&D and working with systems engineering. He has received an M.S. degree in Geodesy and a Ph.D. degree in Photogrammetry from Purdue University.







16.039  Kevin Gallo - USGS EROS

The Land Product Characterization System: A Tool for Comparative Analysis of Satellite Data and Products

NOAA and the U.S. Geological Survey (USGS) Earth Resources Observation and Science (EROS) Center are collaborating on the development of a Land Product Characterization System (LPCS) that will facilitate the characterization and validation of GOES-R and JPSS land-related products (e.g., Surface Reflectance, Normalized Difference Vegetation Index, and Land Surface Temperature). The system is planned to utilize data and products of multi-satellite and in-situ data sources (e.g.,  Landsat 8, ESA Sentinel-2 and -3 series of satellites) and other relatively high and medium resolution sensors, to characterize GOES-R Advanced Baseline Imager (ABI) and Suomi National Polar-orbiting Partnership (S-NPP) /Joint Polar Satellite System (JPSS) Visible Infrared Imager Radiometer Suite (VIIRS) products. 

The LPCS includes data inventory, access, and analysis functions that will permit selection of data to be easily identified, retrieved, co-registered, and compared statistically through a single interface. This functionality is evolving through a beta operational phase (2015) before becoming operational in 2016.

[image: ] Dr. Kevin Gallo is a physical scientist with NOAA/NESDIS and is currently a visiting scientist at the USGS Earth Resources Observation and Science (EROS) Center where he is the lead investigator on several collaborative research efforts related to land-atmosphere interactions. Dr. Gallo received his bachelor’s degree in meteorology from Northern Illinois Univ. and MS and PhD from Purdue University. Dr. Gallo’s research activities include assessment of the influence of urban land cover properties on local climate and he is the NOAA project lead on the development of the Land Product Characterization System, a web-based system to inter-compare and characterize satellite-derived land products from numerous satellite platforms.

16.040  Shawana Johnson – Global Marketing Insights, Inc
Big Data - No Problem; Big Analysis in a Secure Environment - Problem
An organization's ability to execute its critical responsibilities depends on the confidentiality, integrity and availability of secure facilities and computer systems, data and workflows that support its mission ALONG WITH the methods to analyze that data. Modern methods for the identification of cyber threats increasingly involve techniques featuring cross-analysis of data coming from several different sources-and these techniques further increase the need for big compute capacity which is secure. How can organization’s leverage the emergence of the tangible need for excellent analysis tools, big or high compute power and big data to perform the large number of " analysis methods and security checks" required in an extremely short time" and what are the economic benefits and costs of this analysis. This becomes increasingly difficult with the multiple geospatial data sets available as the “skies continue to darken” with data from small sats and unmanned imagers.  
This presentation will provide an overview of the multiple methods and ways in which the US government and the commercial market space are focusing on this challenge
[image: ]Dr. Shawana Johnson, GISP serves the geospatial industry as President to an international client base where her area of expertise includes providing Geospatial Business Intelligence Expertise™ in Geospatial Data Interoperability Programs and Enabling federal developed technology transfers to the private sector for societal benefit; specializing in the applications areas of Agriculture and Water Resources. She oversees the development of Geospatial Plans for: strategic sales and marketing as well as customized marketing research studies to enable geospatial technology companies to implement more accurate plans for success. She obtained her Doctorate degree from The Weatherhead School of Management, Case Western Reserve University, Cleveland, OH. Dr. Johnson provides Peer Review for: the NASA team for Group on Earth Observations – Proposal Review for Agriculture and Water for Earth Observations in Decision Support. Serves on several boards including: 
a. The Society of High Performance Computing Professionals; 2016. 
b. The Technology Advisory Board, Cedarville University, Cedarville, Ohio; 2005 - Present. 
c. The Visiting Committee for International Affairs, Case Western Reserve University, Cleveland, OH.2012-Present. 
d. Earth Imaging Journal, Advisory Board; 2006-Present. 
e. Certified by The GIS Certification Institute, Park Ridge, Illinois – as a Geographic Information Systems Professional (GISP). 

16.041  Tom Cecere – USGS 
The Move Toward Analysis Ready Data and the opportunities/challenges Ahead
Over the past few years, there has been a significant increase in demand for Satellite Remotely Sensed Analysis Ready Data and its application in data cube constructs. The USGS and Geoscience Australia have defined a joint collaboration exploring this topic and it is also being addressed by various entities within the Committee of Earth Observation Satellites. The commercial sector has also demonstrated increased interest such as cloud services being developed in Google Earth Engine and Amazon Web Services. There have been number of impressive early results in applications utilizing Landsat data with limited integration of other data sets  such as MODIS, but there have been a number of challenges identified when expanding interoperability and integration of other data sets (such as the European Sentinel data). Some of these are as follows:
· Defining a common reference grid 
· Integrating datasets utilizing different DEMs
· Defining pixel coordinates (center vs upper left?)
· Surface Reflectance validation and characterizing uncertainty
· Techniques to define common pixels from data sets of various GSDs
· Integrating radar analysis ready data
By identifying standards/best practices and the role of calibration and validation, we will be better able to work through each of these issues so that the ARD sets are properly characterized when integrated.






 Tom is the International Coordinator within the Land Remote Sensing Program at the USGS HQ in Reston VA in charge of negotiations to bring Sentinel-2 data to the USGS and one of the USGS leads for the Committee on Earth Observation Satellites.  Some early career highlights have included typhoon forecasting for the Western Pacific and Indian Ocean region and serving as one of the gladiators related with producing Inland Electronic Navigation Charts [image: C:\Users\tcecere\Pictures\tc_april2015.jpg]and serving as the GIS Coordinator for the Pittsburgh District of the US Army Corps of Engineers. Tom has been part of the USGS Land Remote Sensing Program team for the past 10 years.


16.042  DooChun Seo – KARI
KOMPSAT-3A Geometric Cal/Val & Quality Assessment

KOMPSAT-3A was successfully launched on March 26th, 2015. It with high resolution optical satellite has been thoroughly tested, calibrated and validated during LEOP (Launch & Early Operation Period) by KARI. KOMPSAT-3A is designed to provide optical 0.55m and 2.2m resolution images to civilian application field such as DEM, Orho-image, extraction of planimetric features, and integration of raster and vector data. The validation and assessment of the geometric image quality has been performed by KARI Cal/Val team during the 6 months. The KOMPSAT-3A geometric quality parameters is location accuracy, mapping accuracy, MS-to-MS registration and MS-to-PAN registration etc. 
[image: ]The first object of this research is to describe overview of KOMPSAT-3A geometric calibration, KOMPSAT-3A system of ground system and satellite system which the characteristics of the AEISS-A sensor and attitude GPS sensor such as star tracker, gyro, and GPS. Secondly, we explain the direct geo-referencing model of KOMPSAT-3A. The KOMPSAT-3A IRPE system has two type of sensor model, one is direct sensor model based on look vector another is rational function model. Finally, we devoted to explain the geometric quality results such as location, registration and mapping accuracy of KOMPSAT-3A
He received the Ph.D. degree in civil engineering from Gyeongsang National University, Korea, in 2002. 
He has been at Korea Aerospace Research Institute since 2002, and has been a Senior Researcher of Satellite Cal/Val Department since 2005. His primary research interests and back ground are in satellite photogrammetry, sensor modeling, DEM, Ortho-image generation and geometric calibration of high resolution satellite image data.


16.043  DongHan Lee – KARI
Spatial Quality by Edge target with KOMPSAT-3 & KOMPSAT-3A
Spatial quality for the remote sensing satellite and the image data of it is controversial in how to measure it within the reasonable quantitative value. Generally, although RER, FWHM and MTF value at Nyquist frequency have been used for getting it, there aren’t proper standard estimator and method to get it yet. As part of the Geospatial standardization in CEOS WGCV IVOS, this presentation suggests the steps for getting the RER, FWHM, and MTF from the edge target, and try to make a list the candidates of the standard edge target in worldwide and check the status of them by the KOMPSAT-3 and the KOMPSAT-3A image data.
16.044  DongHan Lee – KARI
Calibration and Validation for KOMPSAT-3A
KARI has done Calibration and Validation (Cal/Val) activities for the KOMPSAT-3A (KOrea Multi-Purpose SATellite-3A) after launch at March 12th 2015. In Cal/Val Phase I, the Cal/Val for KOMPSAT-3A has been done to characterize, calibrate and validate the requirements and the performance of KOMPSAT-3A. In Cal/Val Phase II by the beginning of September, the image data restoration has been done for the final KOMPSAT-3A image data quality with the requirement. The item and content of KOMPSAT-3A Cal/Val defined before launch has been checked after launch. After launch, most of the item and the content have been identical with before, but a little new and different phenomenon has been found out from analyzing the KOMPSAT-3A image data directly. In Cal/Val phase, firstly, we checked and characterized the status of KOMPSAT-3A (e.g. PAN Primary/Redundant, TDI set, Noise, Initial MTF/SNR/Location accuracy, etc.). Secondly, every KOMPSAT-3A Cal/Val parameter was validated, and then KOMPSAT-3A was calibrated with the validated and uploaded initial value of them (e.g. PRNU+DSNU table, KPD for AOCS, MPT table, Focusing, etc.).
[image: ]DongHan Lee was born in Seoul, South Korea. He received the B.S., M.S. and Ph.D degrees in Astronomy & Space science from Yonsei University, Seoul, in 1990, 1994 and 2011. He has been a chief engineer of the Calibration and Validation for the KOMPSAT series in Korea Aerospace Research Institute (KARI), DaeJeon, from 1995 to now. Dr. Lee is a specialist of the Radiometric and Spatial Calibration and Validation of the high resolution optical remote sensing satellite, and a head of Cal/Val & Data Quality Control team in KARI.


16.045 Cibele Teixeira Pinto -  INPE CBERS 
First In-flight Radiometric Calibration of the CBERS-4 MUX and WFI 
Brazil and China have a long-term joint space based sensor program called China-Brazil Earth Resources Satellite (CBERS). The most recent satellite of this program (CBERS-4) was successfully launched on December 7 th, 2014. This work describes a complete procedure, along with the associated uncertainties, used to calculate the in‑flight absolute calibration coefficients for the sensors Multispectral Camera (MUX) and Wide-Field Imager (WFI) on‑board CBERS-4. Two absolute radiometric calibration techniques were applied: (i) reflectance-based approach and (ii) cross-calibration method with Landsat-8 OLI. The gain coefficients were determined for MUX and WFI spectral bands blue, green, red and NIR, respectively, in units of [W/(m2·sr·μm)]/DN. The coefficients were determined with uncertainties lower than 3.5%. As a validation of these radiometric coefficients, cross‑calibration was also undertaken. An evaluation of radiometric consistency was performed between the two instruments (MUX and WFI) on‑board CBERS-4 and with the well calibrated Landsat‑7 ETM+. Results show that the reflectance values match in all the analogous spectral bands within the specified calibration uncertainties.

BIO:  Undergraduate in Mathematics from Universidade de Taubaté (UNITAU), Brazil, in 2008. M.Sc. degree in Remote Sensing from National Institute for Space Research (INPE) in 2011, São José dos Campos, Brazil. Currently, PhD student at INPE, developing part of the research at South Dakota State University, USA, and collaborator of the Institute for Advanced Studies (IEAv)/Geointelligence Division (EGI), developing works related to the spectral and radiometric characterization of electro-optical sensors. Areas of interest include remote sensing, as well as radiometric and spectral calibration of airborne and orbital sensor systems.

16.046 Wei Sun – 21AT
Launch of TripleSat Constellation and its Products and Services

EO satellite operator in China. Its first generation satellite, Beijing-1 small satellite developed in cooperation with SSTL, was launched in 2005 and had successfully provided data and service for wide range of EO applications in China. Especially, it provided operational comprehensive Intelligent Management service for Beijing municipal government based on landcover feature change detected by satellite imagery – Operational Monitoring.  Also, Beijing-1 has provided disaster responses through International Charter and data to international customers through the international Disaster Monitoring Constellation (DMC).
21AT through the success of Beijing-1 satellite demonstrates that guaranteed timely data is the enabler for operational services that made the commercialization of EO satellites possible. On 10 July 2015, a new high resolution <1m TripleSat Constellation has been successfully launched. It comprises of three identical optical satellites that phased 120 degrees apart (33 minutes after each other) around the same orbit. With agile offpointing capability and wide swath width  - 24km, the TripleSat Constellation will be able to target anywhere on Earth once per day and provides the best combination of spatial resolution and time resolution – aiming at stimulating operational monitoring applications, such as urban planning and intelligent management, based on changes detected by timely and regular cloud-free, very high-resolution imagery. The TripleSat Constellation service will provide sustainable data source for Beijing Intelligent Management System and also bring a unique dependable optical satellite data source and associated operational services for worldwide customers.
The paper will introduce the new international EO operator – 21AT and the satellite remote sensing applications enabled by its first generation satellite - Beijing-1 satellite; and show the imagery from its second generation satellite - TripleSat constellation that has been launched into the orbit on 10 July 2015 and the operational monitoring services powered by the TripleSat constellation.
[image: ]
Dr. Wei Sun is the International Marketing Director of Twenty First Century Aerospace Technology Co. Ltd (21AT). 21AT is the first commercial EO satellite operator in China and has bought three 1m satellites from Surrey Satellite Technology Ltd. (SSTL) of UK and launched into a constellation – TripleSat Constellation on 10 July 2015 using Indian launcher –PSLV-XL. 21AT established 21AT Asia in Singapore for seamless access to international market. TripleSat Constellation started its commercial operational services in the beginning of March 2016. Dr. Sun is responsible for marketing, business development and sales of imagery from TripleSat Constellation and solutions based on satellite remote sensing technologies in worldwide market. 
She got her PhD from Surrey Space Centre at University of Surrey in UK and was the Director of Marketing, Business Development and Sales in SSTL of UK when she had conceived and developed the internationally coordinated Disaster Monitoring Constellation (DMC); consequently received the Allan Emil Memorial Award in IAF 2009. 21AT’s first satellite resource – Beijing-1 is one of five satellites in DMC. At OHB of Germany, she at the position of International Marketing Director had promoted multilateral cooperation on the CarbonSat Constellation - a global Greenhouse gases measurement system and generated strong interests worldwide. Before taking on the responsibility in 21AT, she was the Managing Director of Dauria Aerospace that is created by a Russian space entrepreneur for changing the economy of space.

16.047  Paul Bresnahan – Contractor to NGA
GeoEye-1  Geolocation Accuracy and Band Co-Registration Analysis
The National Geospatial-Intelligence Agency (NGA) Image Quality and Utility (NIQU) division evaluates civil and commercial remote sensing systems for the Department of Defense and Intelligence Community.  NIQU performed geolocation accuracy and band co-registration assessments of GeoEye-1. Images evaluated came from the panchromatic and 4-band multispectral sensor. Tests quantified sensor absolute geolocation accuracy, error propagation performance, band co-registration, the co-registration between sensors, and the performance of replacement geometry model geolocation compared to using the physical sensor model.  (Approved for Public Release, 16-083)
[image: Y:\CONFERENCES\JACIE\JACIE Conference 2012\paul_cropped2.jpg]Paul Bresnahan is a contractor supporting commercial satellite imagery geolocation accuracy evaluations for the National Geospatial-intelligence Agency (NGA).  He has led or contributed to geolocation accuracy assessments of IKONOS, QuickBird, OrbView-3, EROS-A, EROS-B, SPOT-5, Radarsat-2, Cosmo-Skymed, TerraSAR-X, RapidEye, Kompsat-3, WorldView-1, WorldView-2, WorldView-3, and GeoEye-1.  He received an M.S. degree in Geodetic Science (Photogrammetry track) from The Ohio State University and a B.S. degree in Aeronautical/Astronautical Engineering from the University of Illinois at Urbana-Champaign.
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