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Presenter
Presentation Notes
This talk discusses a unique software feature that we offer in our Noran System 7 software package. That software is called COMPASS or, when used in conjunction with our MATCH database software, Direct to Phase. 
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The Power of COMPASS  

• Conventional EDS focuses on peak ID first …… with everything else following 
 

• COMPASS postpones – sometimes eliminates – the concept of peak ID. 
This shift in paradigm opens up a whole new analysis space of speed and 
sensitivity.  

Presenter
Presentation Notes
The Power of COMPASS lies in a focus on the entire SI data cube. This means looking at the spectrum present in each pixel of data.In traditional EDS, the focus is on peak ID first …. With everything else to follow. PEAK ID is fine. In fact it is good and necessary. But it is often times far more beneficial to delay peak ID as long as possible. For example, there are challenges to peak ID – such as proper identification, mis-ID and invisible or hidden peaks. When we start off with peak ID first, any mistakes made carry through the entire analysis. This is why COMPASS postpones – sometimes even eliminates – the concept of peak ID. This shift in paradigm opens up a whole new analysis space of speed and sensitivity. 
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Agenda 

• Why COMPASS? 
 

• What is COMPASS? and  
• How does COMPASS work? 

 

• COMPASS in Action 
 

• Questions 

Presenter
Presentation Notes
Why COMPASS – Let’s get straight to the benefits first. What is / How does COMPASS work? – We will show a high level review of the way that COMPASS shifts the analysis paradigm. COMPASS in Action – Two nice examples that highlight the power of COMPASS



Why Compass? 

Presenter
Presentation Notes
Let’s look at some immediate benefits of COMPASS
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Why Compass? 

• Element maps are the standard path to reviewing EDS data 

Presenter
Presentation Notes
This element map shows a geological sample with 11 identified elements. These sorts of element maps are a standard path to reviewing EDS data. From these maps, I can do a point and shoot or I can highlight a specific region of the sample and analyze the elements present. I can do quite a bit with this data. And because all of this data is saved in a Spectral Imaging mapping file, I never have to go back to the microscope. I can do this all from my desktop, which is quite nice. This is a very powerful tool. In this example, Looking at this sample, I can pick out a few unique regions or phases within the material. There’s an Fe-S phase, a Ca-Al phase running diagonally, a Mg-Si phase and also a phase with some Na and one with some Ti. So this is very good. However, I’m hoping that I found and identified all of the important elements correctly and I still don’t know what phases I’m actually seeing. So with a lot of time and effort, if I know what I’m doing and for what I’m looking, I can work through these questions with reasonably confidence that I’ll get to the answer that I need. 
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Why is Compass? 

• COMPASS presents the exact same data….. As Phases! 
• This analysis can be performed live time, during acquisition 

Thin Rock - 2012 

Presenter
Presentation Notes
Here, on the other hand, is what COMPASS provides. In this case I’m using our NS7 Match library in conjunction with COMPASS to jump straight from the raw SI data to named phases. All I did here was press the COMPASS button. It’s immediately apparent what I have – a major Actinolite and Prehnite phase; I also see that the Fe-S is pyrite and that there are scattered regions of Vermiculite, Muskovite and Titanite. What’s interesting is that I found a small Apatite phase in the region with Phosphorous. As a material scientist, this is far more valuable than just seeing the element maps. I can always go back to the element maps to check my COMPASS results, but here I’m jumping straight to the answer. This is far more efficient than running a bunch of point and shoots or selected area analyses across my SI dataset. 
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Why COMPASS? 

• Phase distributions overlaid on the electron image 

Presenter
Presentation Notes
This slide shows the same phase data overlaid on the electron image. The existence and distribution of the phases in the material is readily presented in a clean, straight-forward manner. So, here is my answer with no complex user requirements. Push a button. Get the Answer. 
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Benefits of COMPASS? 

• Beyond the automatic phase definition … 
• Statistically driven and user independent 

• Every analyst gets the same answer 

• Dramatic improvement in trace element detection 
• Find the unexpected 

• No prior knowledge required 

• Requires far less raw data to be effective 
• Minimum data required 

• Not limited by peak overlaps 
• FAST! 

Presenter
Presentation Notes
COMPASS has other benefits beyond the automatic phase definition. (1) The data is all statistically driven by the underlying algorithms. These algorithms were developed by Paul Kotula at Sandia National labs, and we’re happy to pass on the various papers regarding COMPASS (or in Paul’s work Multi-variate statistical analysis and principal component analysis) to anyone interested. But the take-away is that when an analyst pushes the COMPASS button, every analyst gets the same answer, every time. (2) When we discuss how COMPASS works, we will show how it also improves trace element detection and helps to find the unexpected with no prior knowledge of the sample.(3) We will also demonstrate that COMPASS, because of its statistical nature, requires far less data to be effective. (4) We are no longer specifically limited by peak overlaps, and we will discuss how the spatial component helps to greatly simplify peak deconvolution.(5)  Finally it’s FAST. Modern day computers are quite powerful. Let’s have the computer do the work. 



How COMPASS works 

Presenter
Presentation Notes
Let’s get on to how COMPASS works. 
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How COMPASS works: 

In a Spectral Image data set, each pixel contains: X location, Y location 
and the X-ray spectrum for that pixel.  

Presenter
Presentation Notes
This illustrative map provides a graphical representation of a raw Spectral Imaging data map. Each colored box represents a pixel with an X-Y coordinate and an X-ray spectrum. 
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How COMPASS works: 

COMPASS Starts by extracting the individual spectrum at each pixel 

The counts per pixel may be quite low, i.e. 25 counts/pixel as a typical operating 
space, so the spectra will initially be sparse 
 

Presenter
Presentation Notes
COMPASS Starts by taking this SI data at each pixel and extracting the individual spectrum. The X-ray counts in each pixel may be quite low to start, but that’s okay. COMPASS will automatically bin data in adjoining pixels to improve statistics at the start. 
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• Next COMPASS compares the spectra at each pixel and groups statistically similar 
spectra 
 
 
 
 
 
 
 
 
 
 
 
 
 

• It may employ binning – 3x3, 5x5 if the initial statistics are too low 
• The grouping of pixels into pixel groups increases the counts in each spectrum. The 

spectrum begin to look more robust.  
• For example, 25 counts/pixel * 20 pixel group = 500 counts.  

 
 
 

How COMPASS works: Identifying each phase 

Presenter
Presentation Notes
The Next step for COMPASS is to compare the spectra at each pixel and to group together statistically similar spectra. These pixels that are found to have statistically similar spectra are grouped together. This grows the data from individual pixel to pixel groups. As these pixel groups grow in size, the statistics improves organically. For example, at 25 counts/pixel and a pixel group of 20 pixels, we now have 500 X-ray counts in the spectrum.
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How COMPASS works: Identifying each phase 

• As the statistics grow, COMPASS continues to refine the sorting and 
grouping until steady-state stability is reached. 

Presenter
Presentation Notes
As the statistics in each pixel group grows, COMPASS will continue to sort and compare the spectrum from each pixel group and combine pixel groups that contain statistically similar X-ray spectra. This continues until a steady-state equilibrium is reached – i.e. the number of phases is stable. In the illustrative map here, we see three unique phases. 
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How COMPASS works: Identifying each phase 

• Once steady-state is reached, COMPASS has created a finite set of 
unique phases, each defined by their statistically similar spectra.  

 

The X-ray statistics in each phase – 
composed of from dozens of pixels to 
several thousand pixels – are now quite high 

Presenter
Presentation Notes
When we look at the spectrum in each pixel group – now a phase – we see that these various spectra form subsets of the initial, overall spectrum. This is exactly as we would expect. We also see that the statistics – the number of X-ray counts – in each phase is extremely robust. Consider a data set of 150,000 pixels (512 x 384) – That’s 3.75 Million X-ray counts if we collect 25 counts/pixel. If COMPASS finds 10 phases, we have, on average, 375,000 X-ray counts in each spectrum. That’s an incredible amount of data available to define each phase. That is far more data than we would typically ever need to identify the chemistry of a given phase – and we only ever collected 25 X-ray counts/pixel. Collecting at 300,000 stored X-ray counts per second in our NS7 system requires less than 15 seconds of live microscope time to fully identify these phases. In addition, we have eliminated all of the spectrum peaks that aren’t associated with that specific phase. We only need to look at the peaks that actually exist in that phase. This dramatically cleans up the data, making our analysis much more accurate. Traditional EDS Spectral Imaging with element maps doesn’t allow for that. In traditional mapping, you are forced to identify your peaks from the overall spectrum, or to manually investigate each region with a fine tooth comb. It’s all about the work. Let COMPASS and the computer do the heavy lifting for you. 
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How COMPASS works: Naming each phase 

• The NS7 Match program applies a Least Squares Fit algorithm to match the 
spectrum from each phase against the spectra stored in the NS7 library.  

• If a statistically appropriate fit is found, the phase is identified and named. 
• If multiple fits are found, the “statistically best” match is chosen 
• If no fit is found, the phase is provided a generic name 

Presenter
Presentation Notes
Now that we have identified each phase, it is time to name the phases. For this we use our NSS-Match library. The NS7 match program pulls spectrum from its library and compares them against the spectrum of each phase – applying a least squares fit algorithm in order to determine whether a potential match exists. A chi-squared “error” value is calculated. The lower the chi-squared value, the better the match. The top matches are shown in ranking order. NS7 will automatically choose the best fit based on the lowest chi-squared value. The user can manually override this decision at any time. 
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How COMPASS works: Naming each phase 

• Phases can be defined manually and the spectra simulated by NS7 

Presenter
Presentation Notes
The library is populated by two primary routes. The first is to manually define a spectrum by inputting either weight% or atom% and then simulating the spectrum. This spectrum is then imported into the NS7 match library. 
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How COMPASS works: Naming each phase 

• Spectra can be extracted directly from reference materials and that 
reference phase imported directly into the NS7 library 
 
 
 
 
 
 
 
 
 
 
 

Presenter
Presentation Notes
The other major route is to collect EDS X-ray data from a known reference material and then to import this reference spectrum directly into the NS7 match library. This works great for Quality Control or when one will be working with the same – or similar – materials on a repeated basis. 
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Back to the original example 

Final phase map 

Overall spectrum 

Presenter
Presentation Notes
Going back to the original example, let’s walk through the algorithmic logic that we just discussed. Here we are reminded of the overall spectrum – lots of information and quite busy – and we can see the Final phase map. 
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Back to the original example: Spectral sorting 

Overall spectrum from sample 

Spectrum from Prehnite region 

NS7 Library Spectrum for Prehnite 

Spectrum from Prehnite region 

Presenter
Presentation Notes
This first snapshot shows a couple of things. First, there’s the spectrum from the Prehnite region overlaid with the overall spectrum (Red). We can see that the one spectrum is a subset of the other – as it must be. We also see that the spectrum from the prehnite region is a little bit easier to work with. Not a huge impact, but a little bit less cluttered. Next, we see the MATCH fit of the experimentally obtained spectrum against the spectrum found in the NSS-MATCH library (Red). Not a perfect fit but pretty close. Good enough for me to say: “Yes, That’s prehnite.”
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Back to the original example: Spectral sorting 

Overall spectrum from sample 

Spectrum from Actinolite region 

NS7 Library spectrum for Actinolite 

Spectrum from Actinolite region 

Presenter
Presentation Notes
This second snapshot – of the Actinolite region - shows a similar result. First, there’s the spectrum from the Actinolite region overlaid with the overall spectrum (Red). Again, we see that the one spectrum is a subset of the other. Next, we see the MATCH fit of the experimentally obtained spectrum against the spectrum found in the NSS-MATCH library (Red). Also an appropriate it fit. We do see some C in the experimentally obtained spectrum, so probably some contamination of the sample. Good enough for me to say: “Yes, That’s Actinolite.”
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Back to the original example: Spectral sorting 

Overall spectrum from sample 

Spectrum from pyrite region 

NS7 library spectrum for pyrite 

Measured Spectrum from 
pyrite region 

Presenter
Presentation Notes
The next snapshot is of the Pyrite region.When I overlay the spectrum from this region with the overall spectrum, it is apparent that I am looking at a much smaller subset of data. In fact, I now get to take a very clean spectrum without all of the noise and clutter of all of the other elements present in the sample. It is very apparent that this region is composed of only Fe and S – no minority or trace components. Now, I could have done this by manually doing a point and shoot in this region. I could have gone to the work of drawing a selected region around where I perceived electron contrast. I would have gotten a very similar result. HOWEVER, (1) this would have been a lot more work on my part – I prefer to let the computer do the work in a few seconds; and (2) with COMPASS I get to automatically see exactly which pixels (i.e. regions) contains the Pyrite and which pixel doesn’t. No guessing on my part. Straight to the entire answer – same operator / analyst getting the same answer. 



22 

Back to the original example: Spectral sorting 

Overall spectrum from sample 

Spectrum from Apatite region 

Because of the spatial AND spectral segregation 
 

COMPASS cleanly picks out the Apatite spectrum 

NS7 library spectrum for 
pyrite 

Measured Spectrum from 
Apatite region 

Presenter
Presentation Notes
The final snapshot I will show is of Apatite region.Now this is a very small region, so when I overlay the spectrum from this region with the overall spectrum, I wonder how I would have ever accurately defined this region without COMPASS. If I really wanted to, I could have gotten to this result with traditional element mapping, but it would have been a LOT of work. And reasonably speaking, it would have been very easy to overlook this phase. With COMPASS, I have these answers highlighted for me automatically. �



23 

In this way, COMPASS moves from Element Maps 

Presenter
Presentation Notes
I didn’t take the time to show every specific detail of this sample, but I hope that I’ve illustrated how COMPASS takes us from the Element Maps to  
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To Phase Maps 

Presenter
Presentation Notes
The Phase maps. 



COMPASS in Action 

Presenter
Presentation Notes
Now we’ll look at two specific examples of COMPASS in action. 



COMPASS  
 - Sulfides analysis 
COMPASS works directly with the entire X-ray 
spectra to dramatically accelerate the analysis. 

Presenter
Presentation Notes
In this example, we show how COMPASS accelerates the analysis by working directly with the X-ray spectra of each phase. The take-away is a vastly shorter time to ANSWERS coupled with a far more accurate final answer. 
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Sulfide compounds embedded in epoxy 

Several sulfide compounds are embedded in carbon-based epoxy.  
The electron image contrast is insufficient to distinguish the phases 

The overall EDS spectrum shows the C from the epoxy in addition to Ni, 
Fe, Cu and S.  

Presenter
Presentation Notes
What we see here are sulfide compounds embedded in epoxy. When we look at the overall spectrum collected, we see that these compounds contain Ni, Fe, Cu and S. There are likely NiS, CuS and FeS compounds present. Which flake has which sulfide compound? I can’t really tell much of a difference from the contrast in the electron image. In principle, I could point and shoot each flake for 15 – 20 seconds and pick out the answer. That’s an okay approach, but I’ll choose to run COMPASS instead. 
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COMPASS distinguishes 

The MATCH software then matches the spectrum of each phase against the NS7 library of simulated or 
experimentally extracted phases – Thus naming each phase.  

CuFeS 

Quartz 

NiFeS 

FeS 

Epoxy 

COMPASS extracts the X-ray spectrum at each pixel and groups statistically similar spectra in order to 
distinguish unique phases.  

Library spectrum 

Measured spectrum 

Note the accurate matching at low 
X-ray counts. (300 µseconds /pixel) 

Presenter
Presentation Notes
Here is the COMPASS result. In a couple of slides I’ll talk about how long this actually took to acquire – and trust me, it wasn’t very long at all. You can see from the vertical full scale values that I was not collecting large numbers of X-rays. I have the standard sulfide phases setup in my NS7-Match library, and we can immediately see that most of the flakes are CuFeS with a large flake in the center that is FeS (Red) and another flake that is NiFeS (Green). I also see a couple of multi-phase flakes – CuFeS and FeS. There is an unexpected Quartz phase in the upper right hand corner. I might have stumbled onto that during a systematic point and shoot exercise. With COMPASS, of course, it is automatically identified so no worries there. 
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COMPASS distinguishes 

The result is a fully detailed phase map. 

CuFeS 

Quartz 

NiFeS 

FeS 

Epoxy 

Presenter
Presentation Notes
Here is a nice overlay of the Sulfide phases. Two interesting items to point out. There is a little island with a CuFeS phase on one side and a NiFeS phase on the other side. A point and shoot analysis would have identified one phase, but not the other – thereby missing information. A selected region analysis of the whole island would have mis-identified the small flake as CuNiFeS. I would have needed to be either very lucky or very careful to have identified the split regions on this small flake using traditional Element mapping. The next item of note are the little rivers of NiFeS in the CuFeS flake at the bottom right of the image. Again, I’ll never say Impossible, but I will say incredibly challenging to find these rivers with traditional Element mapping – Automatic with COMPASS. It’s really a simple choice with this data – Long and hard with element mapping vs. Easy and automatic with COMPASS. 
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COMPASS Accelerates 

Because COMPASS deals directly with the entire x-ray spectra, far less 
data is needed to distinguish and to type the phases. 
 

This rapidly accelerates the process of getting answers.  

Direct to Answers 
 

256 pixel x 192 pixel resolution 
15 x-ray counts / pixel 

20 seconds total 

Pretty picture 
 

256 pixel x 192 pixel resolution 
150 counts per pixel 
200 seconds total 

CuFeS 

Quartz 

NiFeS 

FeS 

Epoxy 

Presenter
Presentation Notes
This slide discusses the time required to get the answers. On the left, we see the “pretty picture” result. This took 200 seconds to collect the 7.5 Million X-ray counts required. On the right we see the “direct to answers” result. I got the same answers – not quite so pretty, but the same answers – in only 20 seconds. That’s the power of COMPASS on 15 counts / pixel of data. 
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Result 

 
• COMPASS deals exclusively with the x-ray spectra 
throughout the analysis. 
 

• The benefit is more complete answers, with far less 
data … Better answers Faster! 

7 

Presenter
Presentation Notes
In this example, we showed how COMPASS quickly gets to the answer with very little data. 



COMPASS on 
Huckitta meteorite 

Presenter
Presentation Notes
This second example shows how COMPASS was able to provide a detailed geological study on part of a meteor. 
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Meteorite – unknown composition and origin 

SEM image at 45x magnification and associated spectrum.  
(5.7 microns / pixel) 

A quick analysis across a large section of the sample is performed 
to get a basic understanding of the meteorite.  

Fe 

O 

Mg 
Si 

Presenter
Presentation Notes
This sample was a small fragment of what has been identified as the Huckitta meteor. We took the sample, sectioned it, mounted it in epoxy and polished the surface flat. We then put it in a pretty old (~ 25 years old) Tungsten filament microscope in order to see what it looked like. The SEM image was taken at 45 X magnification, 20 kV. Features are definitely visible. We collected the X-ray spectrum while we collected the electron image. It definitely looks like a fully weathered (i.e. oxidized) meteor fragment with Mg, Si and Fe present. 
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Elemental maps are generated across the analyzed region. 
It is clear that the sample is fully oxidized and that three primary regions (or phases) exist – MgSiO, FeO 
and AlSiNi-O. The fully oxidized (or weathered) state of the meteorite tells us that it landed on the Earth 
several million years ago.  

Traditional Element maps  

O Mg Fe 

Al Si Ni 

Presenter
Presentation Notes
As a first step, we show the traditional element maps. These maps confirm that the sample is fully oxidized and that three primary regions (or phases) exist – MgSiO, FeO and AlSiNi-O. The fully oxidized (or weathered) state of the meteorite tells us that it landed on the Earth several million years ago. The MgSi region implies an olivine phase. The FeO region implies either hematite or magnetite. 



COMPASS Analysis 

Presenter
Presentation Notes
Next we push the COMPASS button. 
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COMPASS automatically identifies the phases 

Going a major step beyond  element maps. COMPASS automatically identifies and 
types the distinct phases in the sample.  

Olivine 

Hematite 

Element
X-ray 

Counts
Atomic 
percent

   O K 39313 60.8
  Fe K 84756 39.2

C K 687 N/A

Hematite phase

Element
X-ray 

Counts
Atomic 
percent

O K 150670 57.2
Mg K 168078 25.2
Si K 91147 13.4
Fe K 4976 4.2

Olivine phase

Presenter
Presentation Notes
A snapshot of the COMPASS data is shown here on the two major phases. A quick look at the spectrum from each phase confirms the Hematite and Olivine phases. These phases match nicely with the contrast in the electron image. 



37 

COMPASS automatically identifies the phases 

In the next two phases, COMPASS reveals a snapshot of the “melt” region in the meteorite  
Interestingly, two “melt” phases exist – in one of these, the Al was mostly exsolved from the melt.  

These results are readily available because COMPASS automatically seeks out 
and identifies truly unique phases. 

SiAlFeNi - O 

Al 

Si 
O 

Fe 
Ni 

Al 

Element
X-ray 

Counts
Atomic 
percent

   O K 296282 61.4
  Mg K 17069 1.2
  Al K 177934 8.1
  Si K 393884 15.4
  Ti K 4008 0.1
  Fe K 188800 7.5
  Ni K 115434 6.3

SiAlFeNi - O phase

Si 

O 

Fe Ni 

NiSiFe - O 

Element
X-ray 

Counts
Atomic 
percent

   O K 103582 62.7
  Mg K 11959 3.8
  Al K 5432 1.1
  Si K 86081 11.9
  Fe K 78001 10.2
  Ni K 56059 10.3

SiFeNi - O phase

Presenter
Presentation Notes
In addition to the majority phases, COMPASS has identified two additional regions. These look like what I would call “melt” regions in the meteorite – or regions of unconsumed chemical constituents. Interestingly, two “melt” phases exist. They are similar, but in one of these the Al was mostly exsolved. The Al that is detected (roughly 1% vs. 8%) it is probably a carry-over from the electron interaction volume during the X-ray production from within the sample. To an astro-geologist this result may carry strong significance. On the other hand, it may not. I really don’t know. However, these results are readily available because COMPASS automatically seeks out and identifies truly unique phases. COMPASS has determined that there was a difference and it determined where and how that difference exists. The rest is up to the analyst. 
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In addition, COMPASS also located 2 unique and otherwise “hidden” phases! 
An FeS and an FeCr region are also found. Because COMPASS iteratively parses, groups and filters the 
spectra at every pixel, even these very small phases are automatically identified with absolutely no 
instructions or pre-knowledge from the analyst.  

COMPASS automatically identifies the phases 

Element
X-ray 

Counts
Atomic 
percent

O K 1963 59.5
Mg K 91 1.7
Al K 172 2.1
Cr K 2386 18.4
Fe K 1744 18.3

FeCr - O phase

FeCr - O 

Element
X-ray 

Counts
Atomic 
percent

O K 3412 52.5
Si K 473 0.7
S K 9449 16.0

Fe K 10955 30.8

FeS - O phase

FeS - O 

O 

O 
Fe 

Fe 

Cr 

S 

Note the low counts < 0.1% 
of the total sample counts 

Presenter
Presentation Notes
Finally COMPASS picked out two very minority phases of the sample. These were completely invisible from the overall spectrum. Here, we see a small scattering of FeS-O and a small Chromite (FeCr-O) region. With traditional element mapping, the Cr and S peaks would not have been identified. It would have take a much more detailed, rigorous set of mapping analyses by the microscope operator to find these phases. Here we just took a scan at 45x and found the small phases. 
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Huckitta Summary 

• The electron image and the element  maps provided basic 
information on the majority phases and majority elements 
of the meteorite.  
 

• COMPASS:  
• Automatically identified and typed the majority phases 
• Automatically located and described two unique phases that 

provided information relevant to the formation of the 
meteorite.  

• Automatically located and identified two phases that could not 
be detected using Quant or element mapping. 

Presenter
Presentation Notes
In summary, the electron image and the element maps provided basic information on the majority phases and majority elements of the meteorite. COMPASS: Automatically identified and typed the majority phasesAutomatically located and described two unique phases that provided information relevant to the formation of the meteorite. Automatically located and identified two phases that could not be detected with traditional element mapping.
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Conclusion 

• COMPASS is a powerful tool wrapped in a simple to use software 
package 

Thermo Scientific 
NORAN System 7 

Presenter
Presentation Notes
That brings an end to the two examples of COMPASS in Action that I wanted to discuss. It also brings the presentation portion of this webinar to a close. I hope that we have demonstrated the unique power and capability that COMPASS provides. By focusing on the X-ray spectrum at each pixel, COMPASS automatically brings forth answers that would be either difficult – or sometimes impossible – to obtain with traditional element mapping. 
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Q & A 

Presenter
Presentation Notes
I will close by thanking you for attending this webinar and opening the forum to any questions that you have thought of as we went along. 
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