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Presenter Notes
Presentation Notes
Good afternoon, my name is Ellen Wengert. I support the USGS National Land Imaging Program and today I am going to be talking about Land Imaging Architecture Tools and Applications.



Program Overview

• US Geological Survey’s National Land 
Imaging Program (NLIP) RCA-EO activity  
documents user needs and assesses 
satellite capabilities to determine the most 
effective solutions to address broad civil 
agency and societal challenges

• Develops analytical tools to quantify land 
imaging architecture effectiveness

• Provides support to decision-makers for data 
acquisition, strategic partnerships, and 
mission development
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Presenter Notes
Presentation Notes
The RCA-EO activity, which is the Requirements/Capabilities Analysis for Earth Observation’s main goal is to document land imaging user needs and assess satellite capabilities to determine the most effective solutions to address broad civil agency/societal challenges. That could range from natural resources management, sustaining ag productivity, monitoring water quality, etc. In order to do that, we develop analytical tools that can quantify land imaging architecture effectiveness and provide decision support to evaluate acquisition opportunities, strategic partnerships, and mission development.



Challenge

• To identify capability gaps and evaluate 
gap-filling solutions, we need to 
consider:

1. The broad and complex land 
imaging user  community

2. The rapidly increasing number 
and diversity of remote sensing 
technology solutions
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Need a tool that can look collectively at a set of 
user needs and capabilities, to see how well the 
needs are collectively met and where gaps exist

Number of Satellite Launches per Year 
(1972-2022)

Presenter Notes
Presentation Notes
In order to identify capability gaps and evaluate gap-filling solutions we have to consider the broad land imaging user community and the rapidly increasing number of remote sensing technology solutions. The figure to the right shows the number of satellite launches per year since 1972. Especially in the commercial space, in the past 10 years the number of satellite launches has drastically increased, making data acquisition and mission planning for the USG much more challenging. To address this we needed a tool that can look across a set of user needs and capabilities and quantitatively identify where needs are met and where gaps exist. So that is what we are going to talk through today; what does this tool look like and how is it used.Graphic: Last updated 9/9/2022, Land Remote Sensing Satellites



Analysis Approach

Architecture 
Evaluation

Analytical
Tool
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Remote 
Sensing 
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Presenter Notes
Presentation Notes
This slide shows the high-level analysis approach. We have two foundational databases that flow into our analytical tool. The output from that tool can be used for architecture analysis. I will talk through each of these during this presentation.



Foundational Data: Remote Sensing User 
Needs

• Hundreds of needs collected via 
interviews with SMEs since 2015 
from agencies across the USG

• Spatial scales from sub-meter to multi-
kilometer

• Temporal scales from near real-time to 
decadal

• Collected in the context of the 
Performance/Satisfaction Scale 

5

Presenter Notes
Presentation Notes
Over the past 7 years we have collected hundreds of remote sensing user needs via interviews with subject matter experts across the USG. You can see the major organizations we have collected from across the bottom of this slide. These needs are broad in scope, with varying spatial and temporal scales. During the elicitations we use the word picture on the right to quantify the attributes needed to satisfy the need at a minimum and fully satisfied level. This means we really push the SME to say what values for spatial and temporal resolution (among others) would provide some value to their project (around a score of a 40) as well as what is needed to meet all requirements for their project (around a score of a 90). This allows us to create a range for a utility curve to be built that will be explained in more detail on a later slide.



Foundational Data: Remote Sensing 
Capabilities

• Land imaging capability data 
is collected with attributes 
compatible to those in the 
user needs

• Includes current, future, and 
notional (not yet planned) 
systems

• Can model a variety of earth 
observations

• Satellites
• Products
• Airborne systems
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*System examples

Presenter Notes
Presentation Notes
We are able to model remote sensing capabilities with attributes compatible to those in the user needs for analysis. These include current, future, and notional, so not yet planned, systems. We can also model things beyond satellites, such as products and airborne systems. A few examples of systems we have modelled are in the graphic by year of launch.



MARCE is a quantitative evaluation of remote sensing capability 
architectures for a set of user needs
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Multi-Attribute Requirement-Capability 
Evaluator (MARCE)

Presenter Notes
Presentation Notes
The two foundational datasets are pulled into our analytical tool which we call MARCE, standing for the Multi-Attribute Requirement-Capability Evaluator. Effectively MARCE is a quantitative way to evaluate remote sensing capability architectures against a set of user needs, so how well are a set of capabilities performing against a set of needs. The user needs and caps information flow into the tool and we first check for a geophysical parameter match, so can the system actually detect the variable the user need is requesting. If it can, then the tool evaluates each of the individual attributes and generates a score. At the moment, the tool looks at spatial resolution, temporal resolution, geographic coverage, and sensor rating, we are looking at additional attributes to include in the future. The next slide details how that scoring is done. These individual scores are weighted using an analyst-selected weighting schema and averaged to create an overall score from 0 to 90. This final score represents how well the capability can satisfy the need with higher scores providing greater satisfaction. 



MARCE Quantitative Scoring

Spatial resolution/temporal 
resolution 

• Linear utility curve built from SME 
input

Geographic coverage
• Percent coverage matrix

Sensor rating 
• Sensor characteristics

Other scoring factors
• Acquisition strategy
• Cloud cover
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Presenter Notes
Presentation Notes
So how do the individual attributes scores work? For spatial and temporal resolution you can see the graph on the right, we build the blue linear utility curve using the performance score and attribute values provided by the subject matter expert (recall the perf satisfaction scale on the previous slide). In this example the SME defined a minimum spatial resolution at 100m, with a score of 40 and a fully satisfied resolution at ~30m with a score of 90. Anything coarser than the minimum get a score of 0 (meaning it provides no value) and anything finer than the fully satisfied gets a 90 (the max). You can see in red we can plug in the spatial resolution of a capability to get the projected satisfaction from that capability. In this case, the capability has a spatial resolution of 91m so the user’s satisfaction score is a 50.  This example is for spatial resolution, this this same methodology is used for temporal resolution as well.To evaluate geographic coverage we created a matrix of physical overlap between user needs’ needed coverage and the coverage different capabilities can provide. For Sensor rating, we have a separate tool to look at sensor characteristics and determine a quantitative score based on how well the sensor can detect the given geophysical parameter. In addition to the individual attributes we also have a few other factors that go into scoring that includes the system’s acquisition strategy (is it tasked or routine collect) and whether or not it can penetrate clouds.All of these scoring considerations/calculations run through the tool and produce that final score for each user need and capability (for some of our analysis is thousands of scores). All the data is exported to an excel workbook.



Results Analysis

• MARCE scoring output can be 
pulled into analysis and 
visualization tools to answer 
complex business questions

• Analysis Examples: 
• Assess overall architecture 

strengths and weaknesses
• Assess user need level of 

satisfaction, satisfaction change 
over time, and limiting factors

• Evaluate candidate solutions to 
address weaknesses

Presenter Notes
Presentation Notes
The output of MARCE is an excel sheet that can be pulled into analysis/visualization tools that can help us answer any number of complex business questions. A few examples of things we have done in the past are: looking at architecture strengths and weaknesses, assessing user satisfaction change over time, and evaluating candidate solutions to address weaknesses.



Decision Support Example – 2021 National 
Land Imaging Study

• Final Recommendations:
• Pursue high-resolution multispectral, high-

resolution SAR, and hyperspectral data buys to 
best address community needs beyond what is 
currently available with the current land imaging 
architecture

• Study Impacts:
• Results are being used to inform the Sustainable 

Land Imaging Program and 
commercial/international partnership activities 10

• Conducted a one-year study to identify shared agency needs related to 
land imaging and evaluate options for optimally addressing those needs.

Presenter Notes
Presentation Notes
One example of how we have applied this is the National Land Imaging Study. Back in 2021 we were asked to look at land imaging federal needs and evaluate options for optimally addressing those needs. We used the analytical tools and process I talked about to produce findings and put together the set of final recommendations you can see here. The results of this study have ultimately been used to inform the Sustainable Land Imaging program and commercial/international partnership activities.



Contacts

Please contact us if you would like to contribute to our process.

• Ellen Wengert – Ellen.Wengert@contractor.usgs.gov
• Greg Snyder – gsnyder@usgs.gov
• Dr. Zhuoting Wu – zwu@usgs.gov
• Carolyn Vadnais – Carolyn.Vadnais@contractor.usgs.gov
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Presenter Notes
Presentation Notes
That concludes my presentation, please feel free to reach out to myself or anyone on this slide with any questions or if you would like to contribute to our process. Thank you. I believe we now have some time for Q & A

mailto:Ellen.Wengert@contractor.usgs.gov
mailto:gsnyder@usgs.gov
mailto:zwu@usgs.gov
mailto:Carolyn.Vadnais@contractor.usgs.gov


Back Up
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Requirement Levels

• Requirements are collected in the 
context of the Performance Scale

• “Minimum” - provides minimum value 
to user

• “Baseline” - user evaluation of current 
data source

• “Fully Satisfied” - fully meets user’s 
needs
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Presenter Notes
Presentation Notes
Minimum- lowest level of value to user, equates to a 40 on this scaleBaseline- user identifies the performance of their current source of data for their work (this can fall wherever is appropriate on the scale for their application)Fully Satisfied- fully meets the user's needs and equates to the 90 on this scale



Horizontal Resolution Scoring

A piecewise-linear performance curve is created using the 
minimum, baseline (if applicable), and fully satisfied horizontal 
resolution values and performance scores of a requirement. Any 
values coarser than the minimum value get a 0.

Example:

To assess the score of a capability, plug the capability’s horizontal 
resolution into the function and find the performance associated 
with that value.

• Example shows a capability with a 91m horizontal resolution 
and would receive a horizontal resolution score of 50.

Level Horizontal Resolution Performance Score

Minimum 100m 40

Baseline 60m 85

Fully Satisfied 30m 90

Horizontal Resolution Performance Evaluation 

Horizontal Resolution Performance Evaluation 

Horizontal Resolution (meters)

Horizontal Resolution (meters)
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Sampling Interval Scoring
A piecewise-linear performance curve is created using the 
minimum, baseline (if applicable), and fully satisfied sampling 
interval values and performance scores. Any revisits longer 
than the minimum get a 0.

Example:

To assess the score of a capability, plug the capability’s 
sampling interval into the function and find the performance 
associated with that value.

Example shows a capability with a 12-day sampling interval and 
would receive a sampling interval score of 80

Level Sampling Interval Performance Score

Minimum 30 day 40

Baseline 14 day 75

Fully Satisfied 7 day 90

Sampling Interval Performance Evaluation 

Sampling Interval Performance Evaluation 

Sampling Interval (days)

Sampling Interval (days)
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A percent geographic coverage matrix is used 
to identify the physical overlap in geographic 
coverage between a capability and 
requirement.

• Example shows the geographic coverage for a 
CONUS requirement and a Global Land 
capability

Pairs that result in a 0% coverage 
automatically receive a 0 for the overall score
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Geographic Coverage Scoring



Each capability receives a 'rating' for its ability to 
observe a GP.

• Each rating option (Low, Medium, High, Very High) 
will receive a score based on values in a rating matrix. 
A capability's rating is dependent on the GP (e.g., 
Low for Fires and High for Land Surface Elements).

• Currently conducting sensitivity tests to investigate 
different scoring schema.
• Example shows a capability with a “High” rating and would 

receive a score of 80

GPART is used to 
generate ratings 

for each EP
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Capability Rating Scoring

Presenter Notes
Presentation Notes
Each capability receives a 'rating' for its ability to observe a GP. This is a proxy incorporating the quality of the capability considering spectral bands, SNR, accuracy, and other metrics. It does NOT consider HR, SI, or GC, as they are independent attributes. 
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