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Thank you, David. So, I'm not putting on a different hat. Instead of being the precision marine navigation program manager, I'm sort of speaking to you as the IHO's S-100 Working Group Chair. The IHO is the International Hydrographic Organization. They're responsible for setting many hydrographic-related standards including the S-57 electronic navigational chart, S-44, which is hydrographic surveys, and S-100, which is our framework standard for the new way we're moving forward into modeling hydrographic data for use in navigation systems, but also for other applications such as marine spatial data infrastructures. So, next slide please.

So, really – and I will add, this presentation was requested mainly by the end user community so they have more information as to what S-100 is, because we talk about S-100 and we sort of assume that everybody knows what it is. But taking a step back, we realize that a key component is educating the entire maritime community sort of what S-100 is, what it will do for you, and then what it will -and how to use it, depending on what your situation is. So, really, what we call S-100, we call it the IHO building blocks. 
What it does is it provides the data framework for the development of the next generational electronic navigational charting products. That's the first piece of it. But the more important piece of it is it's other digital products required by hydrographic maritime NGIS communities. So, really, S-100 isn't just about replacing the ENC. It's about developing other products for use within primarily navigation systems, but the broader hydrographic community for use in other applications. Next slide, please.

So, really looking beyond sort of where S-100 is is we – it's not really just in use by the IHO. The IHO manages S-100 and manages the framework, but it's also in use by other inter-governmental organizations. So, for example, the IHO is responsible for things like the ENC, bathymetry, water levels, surface currents, marine protected areas, under-keel clearance, calculate the under-keel clearance management, product specification, things like maritime limits and boundaries. But then we also have the WMO and the WMO is responsible for the S-411 ice forecasts, the S-412 weather, and then there's also, I think, also, 413 and 414, which is other subsets of the weather. 
Then we have the IALA, which is the International Association for Lighthouse Authorities. They're responsible for what we call the S-20x product suite. They're responsible for their own development within the S-100 domain while being compliant to S-100. Then we have IEC, which is the International Electrotechnical Commission. They're responsible for S-412 which is the route exchange format which allows for routes to be easily exchanged from ship to shore, from ship to ship. So, it brings a lot more standardization into that specification. Then we also have the IMO, which is responsible sort of for that whole e-navigation framework. IMO has stated that S-100 is one of the foundations for the e-navigation and the standards to support that. Next slide, please.
So, really, what does S-100 really mean for the maritime community? It leads to what we call a global consistency of products. Then it'll specify different encoding formats based on product type. So, right now, S-100 defines three different name formats. One is the ISO 8211. That's very specific for electronic navigational charts. Then we have HDF5, which the subset is using bathymetry and surface currents and water level information, and gridded weather information. Then GML, which is the Geographic Mark-up Language, which is being used by the S-412 for the Vector Weather Information, marine protected areas, and other things. 
So, what this global consistency of product means, it means that it has a plug-n-play. If you get an S-100-based product, as a shipping – as a manufacturer, you should be able to expect the same thing every time. If the system's working correctly, you should be able to plug-n-play. You should be able to say, "I can take a data set from NOAA and I can take a data set from Canada, and if they're both baselined at the same edition of S-100 and the same product specification – so, for example, bathymetry – then that system should be able to read in both Canadian data and the U.S. data and it should be exactly the same way." So, you should be able to ingest it, display it, portray it, interrogate your safety contour, and it should behave in the exact same way.

Then, the other big thing is that it moves to a machine-readable catalog mechanism. So, for example, under our current paradigm with S-57, there really isn't a plug-n-play aspect to it. So, if – that's one of the reasons why the standard has been frozen for well over ten years is because there's no easy way if the standard gets updated how to trickle those updates out into the maritime community. So, if a standard needs to be updated for emergency purposes within S-57, a lot of times, you have to actually pay for somebody to actually upgrade your software. This is especially true within the ECDIS environment.
So, what we've done with S-100 is we've made it much more machine readable. They're all based on XML. If they're validated to the bigger baseline standard, it should all be interoperable with each other. Next slide, please.

So, really, what we look at for the backbone of S-100 is we have this thing called the Geospatial Information Registry. This, what it does is it contains a collection of harmonized information that's divided into a series of registers. It's a mouthful of a concept but after a few years, you get to understand really what it is. If you look at it, it's really a bunch of dictionaries. Those dictionaries help define that world of its domain. So, for example, there's a feature concept dictionary for Hydro and that defines all the terms that are used within the Hydro domain that can then be used within product specifications. 
So, for example, if you're using a sounding that's defined in the Hydro Dictionary, and that sounding is used across different product specifications, it will always be used in the exact same way and have the exact same definition. There is no other definition for sounding that's in use because it's always owned by the Hydro domain. 
Then, also, for example, IALA has some specific things, as does the Weather, and IEC. So, they each have their own dictionary, so they control their own sort of domain of information. Then there's another set of Portrayal Registers. For example, Hydro will have its own set of Portrayal Registers. So, its own Portrayal dictionary. So, for example, a buoy is always going to portray across different product specifications that may use a buoy, but it will always use the same definition that was defined by the IHO. Next slide, please.
So, the other big thing within the backbone of S-100 is we have things called Catalogue Builders. These Catalogue Builders are really what builds your product specification. So, for example, my trusted analogy that I use how to describe S-100 and the different product specifications is that S-100 is your grocery store. It has all of the things that you need in your grocery store and, a product specification such as S-101 is really your recipe. You have to go to your grocery store and you have to pick the things for your recipe so you can then make your apple pie. Then, part of this, in order to ensure consistency, is that you have these Catalogue Builders that help build in a very precise manner of how all of these features and attributes and everything bind together. 
So, for example, in your catalogue, you will have a thing like a buoy but you don't want to have something like a rock associated with a buoy. So, that Feature Catalogue Builder really prescribes how things are put together and, likewise, with the Portrayal Catalogue Builder. So, it says if you have this buoy and the portrayal associated with it is linked into the two things together. So, it's really about standardization. So, machines, when they get a new feature catalogue or a new portrayal catalogue, it always behaves as designed and expected. Next slide, please.

So, digging a little more deeper into what the Feature Catalogues bring, it's a machine-readable catalogue and that what we call is it binds features and attributes together. It also ties in what we call our spatial primitives which are points, curves, and surfaces, or as they used to be called, points, lines, and areas. As part of that – so for example, the screenshot, you'll see, you've got a beacon shape and it says – here's the definition – it's the shape of the beacon exhibits. It has the enumerations and it also says – it can also – a beacon shape can also be a stake, pull, or a perch. So, that's how the Feature Catalogue puts everything together. So, it's all prescribed in a standardized fashion. 
Then that product specification builds on that Feature Catalogue, and then puts everything together, puts it in a different encoding that I mentioned before, and then can deliver it to the end user. Then the Portrayal Catalogue will sit on the system. The system knows how to unpack the products that it got because it said it's associated with this Feature Catalogue. It has this Portrayal Catalogue. It knows how to put it all together and portrays it as a picture to the mariner that can be interrogated and have a lot of different sort of GIS things happening in the background. Next slide, please.

So, as I said, the other component to the Feature Catalogue is the Portrayal Catalogues. These are also machine-readable sets of symbols and portrayal roles. Now within S-100, we've actually had to define 2 different types of portrayal mechanisms. We have one, which is LUA, which is a – it's a code-based – it's a programming-based portrayal that tends to be used in the gaming industry. But this is primarily used within S-101 portrayal. We call it best for portrayal rules that need to use external conditions to generate the portrayal, for example, ship's draft. So, the product specification has to take in an external parameter, such as ship's draft, LUA is the best way to use that to write your portrayal rules. 
If you don't have to count on external parameters from a ship, then we have a simplified rule set which is based more on style sheets and look-up tables. I always like to say when I talk to the navigation systems, you have to implement both because it's an either/or. So, for example, S-101 is using LUA. But Marine Protected Areas is probably going to use XSLT because it's a much-simplified approach to portrayal and it not dependent on things like ship's draft to raise or lower the sea floor. Next slide, please.
So, the other big thing – and this is what – if I tie it all the way back to what we're building out with our precision marine navigation program, we've built the data sets for surface currents. We've put them all out. But really, what you need is the discovery metadata for information exchange. S-100 has really implemented that discovery metadata. It's all machine readable. What it does, it contains metadata, which is data about data, about the overall exchange catalogue and then also individual data sets and then potential support files that make up that package. 
So, from that piece of metadata, you can actually, the system – for example, if you're on a ship's transit and, for example, things like our surface current product, which is being updated every six hours, you don't actually want to waste bandwidth on having to download the entire Chesapeake Bay OFS as you're transiting when you know, in that six-hour time period, you're only going to be touching or needing to understand or having to have the most up-to-date data for the next six to eight hours on your route. So, from that, you really only want, instead of the 25 sets of data sets that we put out for the entire Chesapeake Bay, you really only want 4. That metadata allows the system to crawl into our servers and pick out and say, "Oh, along this route, I only need these three data sets because they are the most up to date." 
So, that's really what the power of this metadata mechanism provides is that it provides for that discoverability and you can make your – the systems can do a transactional approach and get the data to the mariner, what they need, just in time, without having to clog down the entire sort of bandwidth of downloading all of the ENCs. For example, we have that already implemented with our S-57 distribution. If you want to download the entire NOAA ENC-suite, it is several gigabytes of data. I don't think – that tends to clog up the network. So, you really want the data that you need, just when you need it. The discovery metadata makes that possible and it makes it sort of for machine-to-machine dissemination. Next slide, please.

So, that's the point I was making before is that's the discovery for dissemination. That's what we had to do is we built out that whole central metadata database. It allows for when new data's released, where it's stored in the world or in the Cloud, where the data is geographically, what type of data it is, and who produced the data. Next slide.
So, the other thing that S-100 brings – and it was mentioned a little bit at our sort of previous session with the OEMs – is that there's another piece of S-100 and it's actually called S-98. It's called S-100 Interoperability for Navigation Systems. What this is doing is it's building out a framework for capturing interoperability rules for primary use within ECDIS navigation systems. It's a machine-readable mechanism for rules. But what it helps do is it harmonizes the graphical presentation for S-100 data products. 
So, for example, in this case, if you see a no-rule-apply – I know it's on a small screen, but you can see that the surface currents, because the model extends over land, the surface currents are actually now being portrayed over land. Whereas, if you have the interoperability catalogue it'll layer the land over the surface currents. So, you won't actually see that misleading portrayal. Then the surface currents will be visible where they need to be. But it also sort of has a layered approach and puts up the navigationally significant information on top. So, for things like high-resolution bathymetry, you don't want that bathymetry portrayal to overshadow all the portrayal that you need to make safe navigation decisions. Next slide, please.

So, really, the key takeaways from S-100 is that we look at the standards that are the building blocks for precision navigation. They're really the building blocks for the new way of doing data. It harmonizes the data. It improves our interoperability. But there is that big but. They take time to develop. I have been working with S-100 now for – hate to admit it – over ten years. Now, I think we are at that cusp where we're being able to produce products and it really is a reality. I will admit, it takes time. But now, we are producing products and we need that key engagement with everybody so we can improve those standards and make them better for the entire navigation community, but also build new standards for new, different types of data that the maritime community may need. 
But the key thing is that by moving – and data producers, this is not just NOAA and Canada, but this is the entire data-producer community around the world, by leveraging consensus-based standards, it leads to that lower implementation costs for the manufacturer. So, for example, with surface currents, if NOAA did it in one format, Canada did it in another format, Europe does it in another format, that company that's trying to make a commercially available product, they're going to have to implement all the different formats and that costs them money. That gets passed onto the consumer. So, really, by having the Hydrographic offices produce to the S-100 framework, it actually will end up leading to lower-cost to the consumer. We hope it leads to an increased uptake of the product. Next slide. I think that's the last one.
So, really, it's about the world of S-100. You can model this whole maritime and hydrographic domain. I think, hopefully, this provided sort of a basic primer as into what the S-100 framework is. It gets a lot more detailed and a lot more complicated but, hopefully, we can make it as simplified as possible that the world of S-100, when it comes – or it's here – and as we move forward in developing new products, it does actually help for making navigational decisions much more easy and more intuitive because you have more data than just the S-57 ENC integrated into your navigation system. Thank you.
Well, we recommend, when we develop the product specification, pick one portrayal. Don't try and do both. One, you're going to drive yourself insane as a product specification developer. So, from the S-100 working group perspective, in terms of our implementation guidance when you develop a product specification, it's you pick one. You don't pick both. Because you have to then keep them both consistent. Right? But there are certain cases where LUA is more applicable for that type of scenario versus the XSLT. So, from my perspective chairing the IHO's working group, I say don't do both. You do one. S-100 has to maintain both because that's what we agreed to. The manufacturers who are part of that working group all agree to, "Yes, we will do both." But the product specification should only pick one.

Yeah. I think that's one of the things we recognize when we're building out sort of our data infrastructure and what we're going to disseminate is there are things like the bathymetric surface isn't going to update that office – I mean it'll update but you don't need it in a near-real-time fashion. You can get that before you go to work crawl, because that's going to be a larger data set. But things like surface currents, when you may have like a 12-hour transit, and we're issuing out surface currents every 6 hours, we've purposely kept that product down to about 500 kilobytes. So, if you have an LTE-type connection, you can actually get that while you're in transit and it doesn't take up a lot of bandwidth. Now, if you're trying to crawl and get the entire surface current model of where you are, then it might slow your bandwidth a little bit down. 
But the key thing, what we're trying to do is, when we look at this dissemination system and how we're building out products – and this is also when we're also advising developing product specifications, there's always been questions like, "Why do we have these limits?" The key thing is you have to look at how people end up consuming the data. Everyone is so used to having high-resolution bandwidth at home and the wi-fi being really strong, but a lot of cases, they're coming out beyond sort of that 5G internet connection that they have on their phone and they're using satellite bandwidth which can be very expensive. So, we have to make those data packets smaller so the cost of getting that data, especially if we're looking at these six-hour turnaround times for things like surface currents and water level forecasts – to make it much more easier for the end user to consume, to get without slowing down the performance of their system. 
Then I think streaming is a whole other complexity that we are just starting to scratch the surface of within the S-100's framework. We've got some set of streaming services sort of prescribed in it, but we still need to do more testing and evaluation in moving that forward.

[End of Audio]
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