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Amini, Rashied (US 323A)   0:03
So if you're here, I am sure.
Well, First off, just let everyone know we will be recording this meeting.
I'll give a little bit of notes on how the Q&A is going to work in a few moments as more people come in. If you are here, you're probably here because you know this is one of the weekly webinars for the Astra initiative.
So this week, we're going to be discussing a little bit about mission concept development and how concept maturity levels are used to assess.
The maturity of concepts is they are being developed.
And you know, I can.
Yeah, I'll go into the Q&A announcement.
So we are going to be using the Q&A system in teams, so there should be a little button in the top menu bar. So whenever you have a question you know as John is speaking, please feel free to drop it in. And so we will address.
Those questions at the end of the talk, and I believe I'll be reading off those questions to John.
Just I'll do it in a chronological basis.
We did have a couple past webinars which included some discussion of some of the mission concepts being developed for AD Astra. We've had some discussion on mission formulation. I believe in two weeks we'll be having on June 5th a webinar on interferometry.
And for those who are not aware, there is a page on resources for.
Science champions leads teams developing concepts.
I'll see if I can drop that in chat so it'll include the mission concept template if there are any questions on filling that out, you know, feel free to reach out to me.
I am the contact for the program offices to help advise teams working towards submissions.
There is a list of the open or the studies that have been identified, or concepts that are identified for submission.
Ted Astra. So feel free to look at that.
Look at who's leading those ideas.
And feel free to reach out and build coalitions together.
And.
I think now I can get into a bio.
So John Zemer, his principal engineer and a program area manager in space and Earth science strategy and formulation at NASA JPL, he's been a JPL for over 25 years, has worked on various flight projects, technology demonstrations, new methods to mature science, science missions, instruments and technologies. And.
Preformulation.
He is currently the program manager for PRIMA.
And the Preformulation architect for Habitual worlds observatory, hwo technology maturation project office.
And so with that, I can hand it over to John.
Go for it.
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Ziemer, John K (US 5300)   2:56
All right.
Thanks Rasheed.
Let me share here.
Hey.
Here we go. Can everybody see that?
[image: ]
Amini, Rashied (US 323A)   3:19
It's coming through.
[image: ]
Ziemer, John K (US 5300)   3:20
Yeah. OK.
Great. Yeah. It's always fun on teams to try and see people's, you know, reactions or or everything at the same time that you're presenting.
So I will do my best and Rasheed, if you see any, you know I know we're used to the the question and answer feature of teams, but.
I'm happy to if people have an urgent question. You know, we could address it on on the site or we could come back later.
What? What do you prefer, Rashidi?
Are we going to take questions as we go or wait till the end?
[image: ]
Amini, Rashied (US 323A)   3:52
I'll try to use my discretion as they come in. If something seems like very topical, I'll, you know, speak up.
[image: ]
Ziemer, John K (US 5300)   3:54
OK.
OK.
Yeah, I don't.
I can't see the the chat, so if you wouldn't mind.
Being the MC there and you feel free to interrupt me. OK, so my name is John Zemer. As Rasheed mentioned, I'm a JPL.
I've been over here for over 25 years.
I'm a program manager in the space and Earth Science formulation office.
This talk is on concept maturity levels. These have been around for a while and I wanna thank you.
You know, there have been just this is not. This has been a team effort for a long time to develop.
In fact, I wasn't even one of the originators of this.
I came in sort of early in the process to help shape them, but otherwise Randy Wesson, who I see always even online, so he could even help answer questions, is here. Al Nash and Kelly case from the foundry have been fundamental in terms of establishing these and and.
Evolving them as as we go.
We've also gotten feedback and input from from the Science Mission Directorate.
Directly, the Chief Engineering office there, large mission study team have all looked at this and and you know we're working to continue to improve them.
So I hope we have a good discussion today and and I can educate you a little bit about what they are.
And how we use them, how different missions have started to adopt them and you know, if you have any questions, I'd be happy to answer them.
OK.
So early concepts have many challenges, right?
Leaping.
To to design or concept before you've really had a chance to explore or understand all the options.
Silos for processes. Silos for teams.
Silos for information that are isolated and can prevent a true sharing of information in a in a way that is is going to provide a much better concept at the end.
Sometimes going too deep, too early.
Getting into all the details of one aspect of the concept before really thinking back and holding, looking at the big picture to understand everything that's necessary is a is a challenge that many teams face and then just feeling like you're out alone, just isolated. Like you've got this.
Great idea that there's there's no, not not, you know, a way to really pull it together and sort of that process of how you actually mature your concept and and get to where you want to go.
I always sort of see myself or as other people I can imagine sometimes see yourselves in this picture and then really the the, the this is a. This is a funny sort of old picture, but it means to think about like how technology evolves and how we appro.
Especially the science missions within NASA and and how you know, we can look at the progress, the progress of technology and how that helps influence.
And and allow us to do even, even more important science missions.
So these are all issues that we've identified and tried to come up with this process and and and way of looking at things that helps avoid some of these challenges.
So there really the the the when you look at it from a NASA point of view in engineering, NASA's a lot about process and a lot about, you know, trying to make sure that that this work in the early, early either what you call pre formulation or.
Pre phase a work is done in in in a way that.
Really thinks about the high level concept including all the boundary conditions that are gonna come along with it.
And so the problem with that is that a lot of the time in these early concepts, the the developments often performed by small and sometimes inexperienced teams, maybe they have expertise in one areas but not the whole, you know expertise they need to to develop a concept they.
Also, have almost almost always have very limited funding in terms of actually being able to do worker analysis to to mature the concept.
And then knowing where to focus, knowing what really needs to be done at what stage is a is a key part of this.
Now incomplete concepts prior to key decision points. What we often have seen in the past is that we'll get to a a decision about are we going to write a proposal about this or is NASA going to stand up a study office to do this work? There's a.
Lot of incompleteness, a lot of missing information, and while that effort to put together a proposal or put together a study office oftentimes can fill those gaps, and so it's important to identify them.
But it can lead to.
Some unnecessary we work or or broken concepts when those elements are all considered.
Sometimes, as I mentioned, we have too much detail in some areas that the expert who has the idea in the 1st place you know knows everything about.
You know a detector, but doesn't know quite about what the science is, or vice versa.
And so there's a natural tendency to focus down on what you know and instead of being comprehensive, and that can lead to some poor decision making and weaknesses in other areas early on that get baked into the concept, you know, too early to to, to change and improve.
And the last is that along those same lines, teams tend to jump to a point design.
They know the solution.
Right away, without truly exploring the trade space and.
Really focusing on that broad visibility first drives the creation of better criteria and more open process for getting that best concept design.
Really, understanding those boundary conditions is the most is the first step.
OK, I'm gonna call you that.
So the concept maturity levels.
Numeric scale that's meant to look at the the different factors and encompassing and I'll talk about the dimensions of the concept maturity levels in a little bit here.
But as it's as a scale, it sort of provides a way of quantifying or looking at examining at least where the concept is AT and how far along this scale it gets to before NASA's processes, which are usually taking over at in an AO, they're driven by.
A step one.
Sometimes two step process or for NASA to set up a directed Project Officer study team after what you see here is around CML 5. Then really a lot of NASA processes take over.
So CMO one is a cocktail napkin, really, literally an idea that you have.
But we'll talk about what that really encompasses and contains and what what you should be able to communicate there. Then you have visibility.
You always talk about feasibility from from then on out, right?
But the first time you grasp it, what the real boundary conditions are, and if you can find some ideas that fit within those conditions.
That's where we are at CML 2.
Then when we talk about exploring the trade space, again, trades are always present from from the beginning to the end. There will be trades and at different levels.
Sometimes they're at the very architecture level, and sometimes they're at the very component level. What we're talking about in CML 3 here is a is an architecture level trade space.
I'm really trying to understand the fundamentals of how the concept needs to what needs to be achieved, what needs to be within those boundary conditions you established at CML two, and really that you've explored that space well enough.
But there can be some other programmatic constraints and and understanding those a little bit more how sensitive you are to those.
Is really what that's all about.
Then we get to a point design.
A point design is really where you start to establish. I have certain requirements I'm going to meet.
I have a design that looks to meet those you've provided the analysis that shows that those things are true and that you have. Basically you're you're reducing the uncertainty in all of your estimates, whether it's the performance, the mass, the cost.
You know, you may not have.
Exact figures for everything but you basically understand a plan and how you're going to get there.
And so here what I always like to say is that the, the one way of thinking about the maturity is how many significant figures you have in each of your estimates when it comes to performance, cost, mass power, all those kind of things.
And it's a rule of thumb that it kind of goes with the square root of the CML.
So point design should have about two significant figures of information in terms of, you know the precision and and the confidence.
In those numbers, then, when we get to CML five, we really have a baseline concept.
Here is where you've done the work to really establish that there are organizational agreements. There are ways of achieving those.
You know you've identified the key driving factors you have, you know, draft ideas for level one requirements.
You know, you really know what this mission is all about.
And then it's achievable, and in fact this is where you really get to the place where you're evaluated, right?
Either through a mission concept review for NASA, or you actually have turned in an AO and you have a proposal that's gonna be evaluated.
And so this is.
This is the first formal evaluation of your concept.
OK, the important thing here is that we did stretch it all the way out to to, to CML 8 at KDPC right after PDR.
That's because that's really where NASA agrees.
On the concept and the baseline and the cost and everything else like that, it examines it each 567 and eight again to watch it and see.
How it's progressing? Make sure it's progressing in a good way, but really CML 8 is the end of formulation and so that's where we drew the line. Again, a lot of the processes that NASA has takes over in in CML 5-6 and seven eight, so today I.
Going to be really focused on, on helping you understand what CMA 1-2 and three and four.
A little bit.
Especially for Astra, we're going to stay in the early CML, but I'm also going to provide information that I'll probably just allow you to see in the slides I can provide later.
You know, for CML 5, OK.
All right. OK.
So let's talk about the concept space itself.
What goes into a concept?
Well, generally we we start with the science.
The science is oftentimes for NASA science missions.
The driving factor.
This has to be where the the concept really shines.
It needs to.
It needs to be relevant to the the decadal priorities in that science area.
And it needs to have, you know, a strong sense from the Community that this is an important focus area.
Then we have to think about the engineering.
This is, you know, how we accomplish this mission.
What we what we do the the design, the requirements flow down the way that we could in that boundary between science and engineering, think about new technologies that could achieve the science that we want to to do in the mission.
Then we have to also have the overlap of cost and schedule.
These are programmatic boundary conditions that that generally NASA has in place to specify exactly. You know, when they want to launch and how much this can cost within the budget that that's available. OK. Now if you look at sort of the overlap of those two things like I.
Said between science and engineering, there's there's technology between engineering cost and schedule. There's really tools and processes.
So this is where.
Experience in making sure that that, you know, organizations know how to implement these.
Complex missions, you know?
Or or and design them and everything else like that overlap and then the cost and schedule really overlaps with those science priorities.
What you see even in the early concept maturity is that you have to understand that there is a science you can achieve for a certain amount of cost and and how much time you have to put the mission together that that frankly limits us, you know in a.
In a substantial way, this is where we started with the concept maturity levels.
I've got a backup slide that sort of gives the history of a little bit, but this is the science technical management.
You know, was really where these these, these constant maturity levels started.
But what we realized over time is that there are other aspects of the concept space as well, and those other aspects start with implementation. If you don't think about how you're actually going to implement the mission, who's going to do what?
Who are your partners?
You know, you really can't address a lot of those other issues. And those partnerships really matter.
And and making sure that you have the roles and responsibilities really well spelled out.
Out and growing how you grow your team, how your team behaves, how it's going to make decisions.
All of those kind of things are really an important factor in the concept space as well.
And then strategy this is where you know you have to acknowledge that because oftentimes sometimes an opportunity doesn't even quite exist yet.
Or it might be on the horizon.
How do you shape your concept and maybe even shape that opportunity so that you they match and so that you can really evaluate the stakeholders and the customers who are going to be very interested in your mission and what they want and how you're going to achieve that?
And so strategy is an important aspect of the early concept space as well.
Well, and that story.
This is an interesting one for us.
What we've realized is that communication is key in these early concepts.
You can't ignore it.
You have to do it.
You you have to think about it.
And that story is an internal story.
How what you tell yourselves about you know what your mission really is and what it isn't. And it's also your outward communication.
How you convey that idea and that concept to build community support and to build, you know, and to communicate to stakeholders what the mission is really about?
That story ends up being.
You know, as we get to more mature, it ends up being in a proposal or it ends up being in, you know, could start out as a white paper and and and in a real proposal or in the directed NASA missions, it really is all that documentation that.
Goes along with it as well as that outward communication about how what you're doing and and how the process goes.
So story is an important part of concept space as well.
That story.
That linkage between story and strategy really provides the vision and motivation, again internal to the team, but also external. The idea of story and implementation really builds that that sense of coherence and assurance that this is real, that it's going to happen and that strategy and implementation really.
You talk about the opportunities and capabilities your partners have.
How that meshes together and provides the the most optimal way of of how you can achieve your concept.
So when you start to think about all six of these areas and how they overlap.
You start to see that there's first of all, it's a very iterative process, right?
And so we, we acknowledge that there is, you know, times when you're going to have to step back research, you're going to have to guide and create and then question and then now you'll start a new cycle. We explore again, maybe stretch the concept you talk about how.
You narrate and and then you test it all right.
And then you do.
Maybe another iteration where you discover, evaluate and then reveal the concept materializing in. In you know a concept that really works well.
And if you look at the very center of this diagram, what you see is that there's a little area of overlap.
That's the shape of a hexagon.
And So what we say is that basically there are 6 dimensions to the concept maturity levels and those 6 dimensions then evolve at each of the CML levels.
And So what you see here in this diagram is a high level thought process and I'm going to go into the details of each of these six areas in a little bit here.
But basically what you see is that that for each of those 6 dimensions of concept maturity.
They each evolve in parallel. As you mature the concept and the key thing here is that you don't want to get out too far on anyone axis in terms of the CML and the maturity of the concept.
Because if you do, let's say you set, I've got my baseline science requirements right now, right now, even on my cocktail napkin.
Well, if you really set that too far in advance, you're going to basically over constrain the entire problem and you're going to realize that that some of those things.
Are critical and some some things aren't.
And so you're going to have to go back.
Can rework some of those ideas and and restart again.
This happens especially in in a lot of times teams will work on just the science and engineering and mature those without thinking about implementation without thinking about cost, without thinking about the strategy of how decisions are made or how they fit in the overall system and then really.
Without communicating a lot of things and thinking about the story that the and the way they communicate those things. So what?
We what we advocate for here is is when you think about your concept, you don't just think about it in a linear axis in terms of, you know, one dimension that it's it's mature or it's not. But you think about it in these 6 dimensions and so that.
You can have expertise in each of these areas that you can build your team up to, acknowledge gaps in places where you don't have information that you can go out and get it, and that as you get evaluated in terms of how mature and how good your concept.
Is you know what all the different elements that you have to work on are are related to, so that as you mature your concept, you have clear goals in each of these six areas about what the team needs to achieve, what the team should be focused on. So.
You don't rush ahead too far and dive into point design details before you're ready, and and waste that time and effort, OK?
All right, get a little bit more.
You know, here's some words again to help define these early CML's and you know.
I've got some more even more details along the six axis here. So these are sort of the summaries at the high levels for each one.
I'm not going to read each of these things to you, but if we want to think about it one way, you know top level, you know, CML one has the idea, right?
It has the essence of what is critical, what what is unique, you know, and and the science that you're going to achieve and and some ideas of how you can achieve.
You can literally sketch it on the back of a napkin and explain it to people.
CML, two actually requires boundary conditions, and so you have to have these boundary conditions either supplied by a potential opportunity that's coming, information that that NASA headquarters or SMD is providing recommendations from the decadal survey.
You know, all sorts of areas can be can be looked at to provide these boundary kitchens.
Sometimes you have to impose them yourself because you are strategic in the sense that you want to target certain ways, certain things, and you see yourself fitting in certain points.
And so sometimes these boundary conditions can be self-imposed.
Regardless, all those things you you really do need to understand the sensitivities.
Where are those?
Where are those boundary conditions?
Kind of squishy and where they rock solid hard, right?
And then when you start placing yourself in that space, finding your idea in that space, you need a way of actually evaluating whether you fit. And so you need to start thinking about your must haves.
And maybe you're nice to haves.
You need to start thinking about the impact of those those decisions and if you can, you know, really start to analyze you know.
So both you know, are you violating laws of physics? You know, are you in family with how this how much this will cost or how long this, this this concept will take to put together.
It's really about the viability of the concept at this point.
Then Semil 3 is trade space exploration again.
You could.
You could trade all the way down to the nuts and bolts. You're going to use, but what we really want to do is keep people at a high level thinking about the architectural options.
This is an expansive phase of the concept.
Now you've got your boundary conditions. Now you really try to think about within those.
What can I do to optimize my my mission and my science return?
But you have to understand that.
You have to understand what the space looks like, what those curves and the shapes of those curves are, and so this is where you do a lot more analysis.
Try and sit down and think about the notional models of how the universe works, how NASA works, how your your engineering is going to work, how your instrument is going to work, and you start to establish those interconnections so that you can evaluate options.
It's not that you're making decisions necessarily.
Sometimes the trades will expose where you're outside of the boundary conditions, and so you can remove those options as non feasible.
So we're going back to Seemel 2, but a lot of times you'll end up with.
A great rich trade space with many different options.
That you can explore after CML three and then CML 4 is kind of necking down.
It's making decisions about, you know, what options you're actually going to consider in that trade space. What criteria are you going to use for your decisions?
What's are the most important?
How do you rank those criteria? You know that that you actually have, you know, going back and looking at the trade space a lot of times when you start to get down the point design, you realize, oh, did we consider this option?
So sometimes you have to step back a little bit and you move back and forth between the CM LS.
But at the end of CML 4, you have point design that basically says at least one point design.
Maybe multiple, but at least one that shows that you think that a specific design can achieve the desired science, and so you've tailored the science down to or up to whatever point design you have.
And vice versa, right?
You've identified technologies that are driving this design.
You you understand your key requirements.
And then Seema, 5, is really the baseline concept. The implementation approach is set. You know, your partner's contracting mode, integration and test pros and schedule.
The designs are mature at this point.
You could have peer review.
This is again or external review.
This is where you're going to be.
You know, you know along the way you can always get independent assessments of where you are and what you're doing.
But here's where the official independent assessments have to happen for you to move on.
And so this is, this is where NASA, oftentimes through an AO process, a competitive process or through a directed process.
Really starts to evaluate the team.
You know, with an external or outside review board.
This is a graphic way of looking at that whole process. So CMI one again starts with an idea.
It can be a very small team CML. Two, you start to build that team around the expertise, your mission.
You probably even have people identified in all six of those areas as your sort of subject matter expert to to make sure, if not more, you know as you start to to build up the the the ability of the team to look then CML three again you're in.
That expansive phase, you really don't want to limit yourself to the ideas you walked in the door with.
You want to.
You want to stretch that out.
Get more expertise in there and here's where you can have technology push right.
You can find out what technologies are out there that can help your concept advance and you can hear from those and decide whether you're going to include those in your option space, or explore what those options, what that could do for you, while also taking into account all.
The variables of the technology, not just the performance but the cost, schedule, risk impacts and other things like that.
So they're all every time you look at a new technology or new approach, you really have to think of all six of those dimensions.
At CL3 we say we basically feel like the trade space is understood.
You've you've stretched out to those boundaries.
You understand the sensitivities within those.
You have models of how you know behaved.
Things behave within that space, and then you start to neck down and make decisions about, you know, whether it's a optimal framework or frameworks that basically you start to really start to pin down cost and risk and things like that, that that you know, lower uncertainty really red.
The chance that that, that there's too many things that are still open.
But you know you won't have everything closed for sure by the time you're done with CML 4, there's still going to be, you know, an option space likely in there.
You're still going to be considering.
Science investigations and how they could, but at a lower level, be tailored to make sure that there is enough margin in different places.
Margin is a big consideration here as you go down to make sure that you quantify your uncertainties, understand the impacts of those and and where you should put you know your, your, your reserves and margin.
This is where we start to identify technology pull. We've now started to flow down requirements because we need those to make decision.
We say ah, we need that technology for this concept to work, and sometimes you even identify new technologies you to develop in order for the concept to work.
And so this is the the going from three to four is where you start to have the technology pull.
And I've got a whole different presentation if you'd like to see it on how technology gets infused into concepts, the relative maturity of technology versus the relative maturity of the concepts and how that all flows together.
Technology infusion.
This is where it happens. If you're not there at the early stages of the concept maturity, it's really hard later on to get inserted.
Right. And so unless you really are one of the original technology pushers that show what capability and you get part of that trade space exploration or at the end of it that the the technology is not a key gap that's missing that's being pulled on, it's really hard.
To get inserted later.
And so then at SEMA 4, now you're talking about concurrent engineering multiple teams disciplines working in parallel. The team is is much larger.
Often managing the team itself now becomes an important part of the overall concept development.
Process it always is.
But but this is where you know it starts to to really be a sizable effort. And then CML 5.
You know, again here you're you're basically standing up a you have, you know, a project organization that is aligned with your objectives.
You have really clear, clear roles and responsibilities, and you've settled on really what you think is your your you know, first cut what your baseline is, where you're going to start from for the rest of the process.
That NASA uses to mature the concept.
Even this is basically also establishing your threshold science and descope options. That happens in the CML three to four range and then is is locked in you know is is first really communicated at the the baseline you use peer reviews and independent assessments along the way of arch.
Trades, you know to ND scope options you know before you know you really want to understand where your weaknesses are and and get them better.
Before you go into that first NASA formal review.
Right. And that's kdpa in the case of direct admissions or an AO opportunity step one for for competed admissions?
One other thing that one other way to think about it. If you've dealt with NASA missions before, you know there's something called a work breakdown structure and what that does is it starts at a high level, breaks up the elements along functions or along.
Hardware boundaries, basically.
And then it goes at a continual lower and lower and lower level.
One way to think another, this is a rule of thumb. It's not.
It's not, you know.
As far as concept maturities go, it's a good guide for you to think about what level you should be at.
Is when you started seeing one. Really, you're up at the highest level, you're just talking about what that project is and not is it a land or orbiter?
What is it as an observatory?
You know which science area are you in and and what major science question are you going to establish that CML 2?
Then you go, you dip down and you start to spread out and you really see those 6 dimensions show up, right?
And you have to be feasible in each of those areas. And a lot of times you'll come back up.
In fact, I'll show it each one. You have to come back up through the samles almost to make sure that nugget of the idea is still there and you still are communicating that.
Right. And so each of these starts to go down to a lower level of where you start to see you know where you have to end up.
And sometimes you don't have to go all the way back up.
Sometimes, like in CML three, you go down to, you have to go down to look at in order to make architecture level trades, you have to go down to understand the subsystems and then you pop back up to level 2, right?
And so and so on you can.
You can imagine that this continues.
Sometimes you'll dive deep.
And now they're in one area or specific areas where you have high risk or you have a lot of uncertainty?
In order to flesh that out.
Not necessarily that you need at scale 5 to get down to the sub component level at every single element, right?
But it starts to head that way, right?
You're starting to get more mature.
You're diving deeper and deeper into the concept itself.
The other thing that's important about here is trying not to go deeper than what you what the CML thing suggests.
Because if you do, then you end up oftentimes being again sort of locked into an architecture you've sort of already prescribed the next step.
Now, sometimes you have to do this if you're really relying on a particular technology or something else that's down at that subcomponent level.
But still try to think up higher.
Try to keep yourself elevated. You know, as as as you go, because there are always options that you can consider that help you and that robustness of your concept is necessary. A lot of times to survive the gauntlet of of getting through all of this and getting to.
A NASA approval.
OK.
I'm gonna go through quickly each of the dimensions, each of the CM LS in each of the dimensions.
I am not going to read this.
So there there are five of these slides that each detail what each CML is in each area.
There are also documents out there that provide lists of, you know, products.
There are also now assessments of the quality of those things, about how far along those should be.
In previous times we've we've when we've evaluated CMLS, we have a checklist that basically says, you know, do you have an STM?
Yes. Do you have a Mel?
Yes. Do you have other things that are important for your concept development?
Hey, you know you've specified all these things.
Now we've really established that there are, you know, quality aspects to those things you know are are you within a 50% or 70% confidence level on your, on your assessments?
Do you have models?
Are they validated? Those kind of things are starting to creep more into CMLS to really make sure that you don't just have the products which is important.
It's really nice to for the teams to know what products they should be working on at each CML level, but also sort of the quality that is expected and making sure that the the you know the.
Things about margin philosophy.
The other things like that you start to have, you know, institutional, even best practices come into play and make sure you're aligned with all of those things.
So I'm gonna hit a couple things on here really on CML. One, you're talking about science, engineering, big picture type things, right?
This is a sketch level, but don't forget you know you do need to think about some leadership and organization of of how you're going to develop that concept. Right. And and you know, potential areas of expertise you may be missing and partners are identified.
You want to start thinking about that cost class.
Are you talking about a small medium large?
Your flagship and what's a comparable mission so you can build that story of communicating to people, not just what the goal is and how exciting the science could be, but also that, you know, you're starting to point to the idea of, well, I think I'm a, you know.
A discovery or I think I'm a, smacks. I think I'm, you know, a flagship.
Those kind of things, right?
You also start strategy. You have to start thinking about your stakeholders and really dig up those evidence of their goals and objectives, like the decadal surveys.
And opportunities are identified.
So you're saying, OK.
I think I can find a place for this idea.
To grow and thrive.
SM2 again.
Now you're providing boundary conditions under your concept, OK.
So you're really necking down to the next level of science, really. One of the specific questions the science questions you're going to be tackling and and is it really feasible that you can gather that science from the actual observables you're going to see and you want to think?
About the confounding variables, too, in the science investigation, you know, research plans are established in case you need to develop any of those missing models that help define the science.
On the engineering now you have those high level boundary conditions, mass power volume, you know, do you fit in the fairing? Those kind of things are established and and really with quantified uncertainty, critical aspects of the of the engineering design are identified.
You know, really these sort of must have things or nice to have things that are required to achieve those those science goals you look at past mission designs, new technologies approaches.
You really wanna examine sort of the. Again, the feasibility is this within those boundaries?
To consider OK.
Programmatic boundary conditions are really identified.
Expertise is added and then costs. When you start to think about that, you're basically starting to think about again. Go down to that X level, allocate the cost. If I've got $100 million to spend, you know, what am I going to spend on each one? What?
Other missions have done.
Why is that?
What my mission is going to do or why is it different?
Don't forget that you know your mission is not just the detector you're going to fly or the instrument that you're going to fly.
Even that has to be supported by a spacecraft that has to have mass power, volume. All those things that go along with it.
It has to have a ground system. It has to have a science team.
It has to have a management team.
It has to have a systems team, right?
And so when you think about all the costs, it ends up being sort of a rule of thumb. I often talk about the rule of quarters, although that's being disrupted lately, a lot with the new space activity.
But it's, you know, before it was sort of roughly about 25%, first of all 50% of what?
Some of what you work on actually flies, the other 50% stays behind and that's the people and everything else.
Right. And even then, all the effort and labor.
That you spend to design and test that that, that material that goes up into space is a big fraction of that. And then half of that again is to the payload, right?
And so really, when you're talking about the cost of the payload, it can be about 1/4.
Now again that's growing because the other elements like the spacecraft and launch vehicles and other things like that are becoming commodities now, which is exciting because that means that those costs are being reduced significantly, which allows the other parts of the mission to grow.
But it's not going to be growing to like 80%.
It's going to be growing to, you know, 60% or you know depending on if the launch vehicles included or not.
NASA now buys those in bulk.
You know, maybe the change will come.
That NASA also buys buses, right?
And so you're really just thinking about the instrument, in which case those that rule of quarters goes out the window. But the the idea is that you have to think about the other parts of the mission story.
You're really describing all the facets of the mission documented really at the White Paper level. Even better.
You know, a lot of times when.
Teams come, you know, looking for advanced concepts funds here at JPL.
We asked them to put together roughly 20 page slide package that really details all those six elements of their concept. Right. And so you sort of tested those ideas out in the community and you've you've had some feasibility arguments about what what you are and what you aren.
So you have an inward strategy and an outward strategy about how you're going to mature this concept and keep it moving.
CML 3 is a lot more detail, right?
You start to get to. Yep, go ahead.
[image: ]
Amini, Rashied (US 323A)   37:21
John, just just a quick question from the audience.
Can you please elaborate on what you mean by classes of missions?
[image: ]
Ziemer, John K (US 5300)   37:28
Yeah. OK.
So NASA has some standard definitions. Class ABC and D.
And then there's even sort of an idea of E&F out there for technology development kind of things with those different classes comes different levels of scrutiny and requirements and redundancy. And all of these different things.
For example, a Class D mission would be something that doesn't really require any redundancy.
Maybe very short lived, usually in a smaller cost volume with with not.
An extensive or elaborate management structure that has to get it all done right.
So NASA, if you, if you, if you feel so inclined.
Or I can find the reference NASA defines these these mission classes ABC and D.
And then some people have been calling for ENF, but you know the idea of of.
You know, encompasses complexity, cost, duration, schedule and then you know things like the risk posture that NASA is willing to take. So for a Class A mission.
You know, for science missions, right?
There's another mission.
That's human rated.
That's even higher.
But you know basically the risk, the risk tolerance goes way down as you go up in class up. Meaning Class A is the highest.
Does that answer the question?
[image: ]
Amini, Rashied (US 323A)   38:41
It should be good to continue and I find a link and I'll put that in the Q&A if I can find it.
[image: ]
Ziemer, John K (US 5300)   38:46
Great. All right. Thanks, Rasheed.
OK.
How am I doing on The Time Machine too?
Do I? Do we?
How many more minutes?
[image: ]
Amini, Rashied (US 323A)   38:54
We have about 20 minutes left, so I think you can run out the CML slides and we have some time for QA.
[image: ]
Ziemer, John K (US 5300)   39:00
Yep.
OK.
Great. I'll leave some.
I definitely want to leave time for Q&A.
OK.
So trade options.
First of all, science.
Now you're getting down to the specific investigations, right?
You're starting to to really write down your science objectives.
You're looking at a range of acceptable a range.
That's the key thing and I'll go into that a little bit more detail because that's really important. I think for the Astra work of acceptable physician observables, including the precision and accuracy you need to measure to observe on those observables.
Which then really it should start with the physical parameters. Like if you want to measure velocity of a jet coming out of a active galactic nuclei, you really need to think about how well you need to measure that velocity, and then that will turn into a you know.
Another precision or accuracy requirement on those measurables, those observables.
And so you need to be able to flow down not just the requirements in the sense of the quantities you measure want to measure, but also flow down.
The quality of those measurements flow down the the accuracy and precision needs.
That then lead to you know those same kind of things you know basically down to the instrument you know that you're going to use to observe them.
You want to document these partials or the science return gradient.
And I'll talk a little bit about that too.
Phrase based options are explored at the architecture level, including the what and the how you know. Instruments, platforms, ground stations really down to that subsystem level, WBS Level 3 contingencies and margins on technical resources are starting to be quantified.
You're starting to say, well, not really sure about this math, so I better put some.
Big contingency or margin on it?
Potential risks are identified along with suggested mitigation plans.
On implementation, you've identified your partners right.
And you've and if you've really saw it on them, you've made them part of your analysis team, right?
They're actually part of your team.
You wanna have a manage list team if you will at this stage where you've really got a bunch of different folks that are, you know, experts all participating in helping you mature your concept.
You've looked at various different implementation options, make or buy or.
You know how those are all considered and documented with each trade.
Cost. Now you really start to think about yourself in terms of of bins. It was a lot like to say it.
Are you, you know, sort of in the the $5,000,000 bin, the $10 million bin, you know sort of a log scale almost of each of those subsystems, right?
And so you need to be able to not just allocate at the element level, but allocate now down to the WBS level two and three.
And then you need to know if those are reasonable or sort of set.
Those boundaries and and play within them to redistribute them as you need to, to sort of look at the different options, but you have to have a way of evaluating this.
You have to really start thinking about cost or at least cost risk. You know, in terms of a relative comparison of the different trade options, you may not be able to say absolutely. I know how much this is going to cost.
In fact, I'd I bet that you don't.
You're fooling yourself if you think you do at CML 3, but at least look at that relative cost.
And and cost risk in those areas?
Story now you've got, you know, really. You've got your central arguments, your ideas and draft graphics created, compelling nature of the science priority is is shown right and your objectives are made clear.
You have a way of communicating this a lot of times. People worry that they're that if they communicate their ideas, somebody else will scoop it or take it or something like that.
But in my experience, as long as you have momentum and you've got a really good, you know, solid plan about where you're going, really what you're using as a tool to bring folks together and bring folks to you.
And that's more important than isolating yourself and keeping your your, your your idea secret.
Strategy customers are identified not just. It's obviously NASA, but others as well, right?
There's other stakeholders that could be there as well. The science community in various ways.
You even sometimes have to think about if you're thinking about a big enough mission.
You know how Congress is going to do this or you know what? What?
How you're going to help NASA, you know, put this as a priority, right?
You can't really control that, but you also have to identify those things you can control and other things you you can influence.
So you really start to quantify in terms of looking at strengths, weaknesses, opportunities and threats?
You write them down. You know, for each major architecture option.
So it's everybody's on the same page and you can get those all communicated internally and then you capture those non-technical risks and mitigations as well as the ones that you're handling up in engineering and implementation on cost and and risk.
The rest of them, I'm not going to go through in detail here, mainly because I think for Astro, we're going to start, you know, think about mainly focusing on CML through you know 1-2 and three.
So you know, I'm going to provide this information here on CML four and five. And so as you can see, as you go here, you know, basically things again are getting more and more detailed, more and more.
Sure. Less uncertainty.
You know, you're really progressing.
You know, if you think about the science traceability matrix, if if you're on a science team, you're now getting further and further, you know, to the right and and establishing measurement requirements and.
Margins and you have feasible. You know you have implementations, performance models that show.
You think you can meet those requirements and so the amount of analysis and detail in the work goes up as well. And so you know, here you're really as a whole in CML four and a point design.
You're really proving to yourself and others that the the the you have matched the scope of your. You know, science investigation with the way you're going to be able to do this and it all matches and closes, meaning that those requirements are met.
Within that, that allowable space, right?
And then Seema, 5, again, you further refine it, you get agreements from people, officials, you know, letters of commitment.
You know, sometimes you go down to grassroots costing, but you know that's a challenge even at this roots, you still can use models, analogies, you know, cost drivers are identified.
You have.
You know the you're you're now exploring trade options at a lower level, not the architectural level, right?
You've got you still have open trades, maybe on some fine details of how you're going to do this thing, but you know basically you've got sort of at a 70% confidence level.
You know your engineering parameters, right?
And so, you know this is you've got your baseline and threshold. You know you've all those things are established. And so you really have a good solid baseline.
OK.
Some early notes on these early CMLS.
It includes both expanding and attracting, building off of what's there, but also bringing in new things.
Right. We want to encourage that expansion, right?
We start with the science, but all parts of the concept of the need to be mature and parallel really resist jumping to that point. Design and thinking you know exactly how you're gonna do it right away.
There, that's very challenging.
You can really lock in too many things too early, and it's an iterative process.
You get those ideas out there early.
Test them.
Expose them, you know. Try not to keep them, you know.
So close, right?
At least within your team, you're obviously, you know, sharing a lot about what the possibilities are.
You know you can't.
You, you know, in terms of Team Dynamics, basically you know you need that well connected diverse team of experts across all the dimensions.
So experienced leadership and inclusive leadership with you know, intentional feedback.
You know, well defined open process, especially for decisions.
You've got criteria that's communicated early on.
Stay focused on sharing and use the best tools for the team to access the latest data.
You know, allow multiple allow for multiple cycles of how you're going to prototype the ideas you know in your schedule about how you're maturing the concepts.
Say here's cycle 1-2 and three of how you're going to, you know, mature that concept. So you know that you have a time to stop and look back at yourself, right?
Keep it at the right level.
Start hard.
Dive deep, set deadlines for yourself, and don't let any dimension of the concept get too far.
Find really analyze that and sort of evaluate yourself about how mature each of those six areas are.
Understand your risks and uncertainties.
Be honest and quantitative.
And then really document the outcome and rationale and and think about that story, how you're going to tell it, how you're going to tell it to yourselves and and and how you're going to tell it outwards.
Now the one thing you know sort of focusing again on CML three, this whole idea of exploring the science and notation trade space. Again, I give a whole another hour talk on this process that we've now adopted for the Habit world's observatory.
But it's been around for longer than that.
But this this really helped us codify the whole thing.
You start in this panel, one up here on the upper left where when you think about the the the trade, really where you're going to end up is Panel 4, which is your science return.
Again, this is a CML 3.
Kind of product your science return versus your engineering challenge your science return.
Is that a breakthrough enabling enhancing our state-of-the-art level in your engineering challenges?
Either heritage.
Everything's been done before standard engineering, meaning you can take those things and extrapolate using standard engineering and physics based tools to say, Yep, we've got a good, good design advanced meaning. Well, we're now, we're treading into some new areas.
We haven't really demonstrated before, so we're going to develop some custom tools and technologies to get there, but not many, right?
We've got this so low risk.
And then breakthrough means.
Basically we we to get this concept going. We have to develop brand new things, new processes, new tools, new technologies.
That's the only way we're gonna get this done.
And you can imagine that if you start by first identifying that science return level, which is, you know, state-of-the-art where we are today enhancing, if you could just improve one or two things about the observation quality, what would they be?
Would they be more targets?
Would it be higher resolution?
Would it be wider field of view?
Would it be finer resolution on temperature or velocity or one of the physical parameters?
What would it be that would enhance that science quality? Then you can jump to the breakthrough and say, OK, if I wanted to answer every single part of this investigation, this is what I would need and it usually is multi parameter.
It's a big space and you can specify all those things and then sort of back yourself back down to enabling a lot of times.
Enabling means that instead of being able to pin down the exact physics based model of how the universe works, maybe you'll be able to distinguish between 2:00.
Or there still might be some some uncertainty left there that would be for a follow on mission or observation. And so understanding that space of the signs return versus your observation quality, how many targets?
How precise you need to measure them?
Those kind of things.
A science team can generally do that, you know, with some guidance and mentorship facilitation, you know, on their own right. And and that part of the trade space starts to be explored from the science point of view.
Then you start working on the instrument scientists and the the engineering to look at. OK. If I want this observation quality, what observatory capability do I need?
Now I need detectors.
Now I need gradings.
Now I need, you know, a primary mirror.
I need all sorts of things right.
And so you start to look at that trade between trading those performance factors and the observation quality. And so this is physics based models of how the observatory really performs.
Then you have.
Then you now that you know what capabilities needed. Now you can go back and look at the engineering challenge if to get this observatory capability, you know the aperture is its heritage standard advanced breakthrough. You know those kind of things.
And then when you put it all together, you can actually then evaluate your science return versus your engineering challenge.
And again, I could give a whole nother, you know, hour long talk on on this whole process. But the key thing here is that when you think about your science.
You know, as we're going to be doing an Astro, right, thinking about what?
This you know what makes a more impactful science investigation.
Right. And and this even gets down to the feasibility like where do you have to be on this sale?
Are you just talking about getting data signals?
I'm done for it.
Data information.
Now you know the context of it, right?
Or you keep going up this knowledge pyramid, right?
This understanding pyramid knowledge you actually how to know how to associate the information or find the wisdom know why, how and why this information is connected right?
Those are as you go up this change, right as you go up and understanding and context, those become more and more valuable.
Science investigations and you can see it when you read people's science objectives, right. If if the first word on the science objector is to measure or observe, you know you're down into the lower left of this because all they're interested in doing is getting data. Right and.
Then later on, we'll figure out what to do with it. If you start to actually say, well, I need a specific characterization, I need to detect this, or maybe it's the first fundamental time you're observing this kind of phenomenon and you need to just really get the 1st.
Few data sets you're you're trying to get that.
You know, at least you're putting it in context, right?
And so that that starts to improve the language of the science objective. Once you see words like determined or distinguished, now you're saying, OK, I'm back up at that enabling level where I'm I'm really trying to distinguish between different physics based models of how the universe works and.
In order to do that I have to have both a sample size that's appropriate and I have to have the precision of the measurement down to this level, right?
Then you can go up to the highest level, which is really that you can predict.
You understand how the universe works, and you can say I I get it so well that I can.
I can show that my model of how the universe works is matching up with all the data I receive, right?
And so this is you're validating your models.
You're really being able to make.
Convincing arguments. And so when I look, the first thing I do when I look at science objectives is I try to find out where they are in this space.
And I encourage teams to try to move yourself up to the upper right.
You know, as you go along times, that's not possible because.
It's brand new discovery space, but you know that's where that's ultimately where you should, you know, push yourself to be OK, summary CMLS have been developed and used for mission concept development.
Now for over 15 years, they're really detailed list of products and guidelines in HTML. I provided some of those things here.
There's other papers and things out there that also provide them that can really help teams guide their activities and and focus in preformation for Astro, the CML framework can really help NASA in concept study teams reach a common understanding of their goals for concept maturity.
Right. And that's what we're after.
So people don't. Don't you know we get to the right level of maturity before NASA and Carillion help mature those concepts. Get them ready for the decadal survey, you know, and and have good being able to get them to the point where good decisions and priorities can be.
Made for for that decadal survey committee.
All right.
Thank you for the time.
Just got a couple minutes here for questions.
I'm gonna skip out of here so I can see the the folks.
[image: ]
Amini, Rashied (US 323A)   53:02
Well, thank you so much.
So right now, we're still waiting for questions, but let me kick things off with one.
So John, the ad Astra incubator announcement said that the end of the incubation process, we're going to get to CML 3 right now with the start of this process, people are still coming up with ideas, but there's going to be a range of maturity. Some ideas have been.
[image: ]
Ziemer, John K (US 5300)   53:23
Yeah.
[image: ]
Amini, Rashied (US 323A)   53:29
Proposed potentially.
Certainly some have been studied, some were just written down on a napkin, maybe in the last week or yet to be done.
So you know, I'm sure there's some concern for especially the ideas that are even earlier the napkin stage.
Would you feel that concepts of the higher CML would have an advantage or are there some unique challenges as well for some of the higher CML ideas being submitted?
[image: ]
Ziemer, John K (US 5300)   53:55
Yeah, I think that's a great question, Rasheed.
I hope teams, even if they've, you know, written a proposal.
So they got it all the way to CML 5 and maybe it was rejected, right?
And so they feel like I can.
I can write a white paper today for this, right?
And I've got the point.
Design and shouldn't this be, you know, further along and advance and pushed by NASA? I think when NASA, what we're looking for in this asterisk to start with the science and then start to think in this trade space about how you might achieve that science so instead of.
You know, I would really love to see a white paper that says, OK, look, I think we need to know, for example.
You know the masses of Earth sized planets in order for us to really make conclusions about, you know, the the whether there's life on this planet or not or the atmospheric model needs of this data or, you know, what have you right.
I think there's some getting some good papers out there that, you know, talk about just that. Right and and.
If you already have a concept for for you know doing that astronomy or doing that radio, you know that the velocity measurement or whatever it is, the technique take a step back and say you know for this Astra case I want you really should be exploring the whole.
Trade space.
Right. And so think about a broader team that has different ideas about how that could be achieved and think about, you know, the different ways it could be ground based observation space based observations or a combination of them that really leads to the answer, right. So you know.
When you're really thinking about this, this trade, space exploration, even if you have a point design already ready, take a step back and and make sure that you're really thinking about that, that trade space, that wider trade space.
That's my recommendation.
[image: ]
Amini, Rashied (US 323A)   55:25
Thanks IC21, hand raised and one question.
I'm gonna go to Marshall Eubanks.
I'm gonna allow your mic.
I think that works.
[image: ]
Marshall Eubanks   55:36
Well, can you hear me?
[image: ]
Ziemer, John K (US 5300)   55:38
Yes.
[image: ]
Marshall Eubanks   55:39
And it worked.
So I had a question on your context understanding graph, which I think was your penultimate graph there.
Do you think that that indicates it would be or would it be wise to like put emphasis on machine learning to try push further the uphill corner? You know sort of out in space, or at least in Mission Control, you might say, for your mission.
Just to do more analysis up there or.
[image: ]
Ziemer, John K (US 5300)   56:07
I I think that yeah, right.
[image: ]
Marshall Eubanks   56:09
Some definition up there which might be here on Earth, but you know that you're producing higher level products than just raw data.
[image: ]
Ziemer, John K (US 5300)   56:09
I mean, I think that's.
Right.
I I think that's an exciting area of of you know, what this next decade will really consider, right is how do we actually that science data pipeline and and the level of conclusions that we can reach from the data you know we have some rich data sets out.
And we're even more with Roman. I mean, it's the the the astronomical data that we have is just growing, right.
The real kind of interesting question there, I think Marshall is how do you build that in from the beginning?
How do you how do you make that promise of what science you think you'll be able to achieve? What understanding you'll be able to get?
You know and and and understand that people may not even understand how machine learning could do that.
And so you know again, that story, that communication of how those two things are linked is gonna be really important. But I think it's an exciting area for us to consider for sure.
[image: ]
Amini, Rashied (US 323A)   57:06
OK.
We got three other questions on the line. Saptarshi is asking how much funding is needed to explore each CML stage.
[image: ]
Ziemer, John K (US 5300)   57:16
Yeah, it it really again that that first step when you sort of establish what size are you, a small mission, medium mission, large mission, right sort of goes with that, right?
You can imagine that if I'm going to build an observatory that has, you know, six different instruments and an aperture, that's, you know, bigger than any clean room can supply and everything like that, I'm going to need a lot of work to really refine all those things and.
Get it nailed down. Whereas if I'm, you know, making a cube sat or something like that, my team can be pretty small, right?
Because it's just going to have one function and it's going to, you know, be a straightforward implementation and other things like that.
So it's it really, I would argue, depends on the complexity.
I can't give you a number for each thing, but you know, one way to think about it is, is that as you build that team, even when you're in CML 2 land, you're going to want experts in each of those six areas to to be able to address.
Feasibility, right?
So you're at least you know six people on your team, a fraction of their time, to be able to do that work, and most likely the science team is going to need multiple members. The engineering team is gonna be multiple members, right?
So you're if you think about it in terms of the expertise that you need, that's where you start to realize that that you know the team scale size.
I would, I would say, on when you're at CML two, you're sort of talking on the order of 10 people, you know, CML 3.
Now you're probably talking about like, you know, 20 people or 30 people, even depending on how big that concept.
Maybe you can if it's a small concept you don't, maybe you can stay at 10, right?
But then it's also about the time that it takes, right?
So the cost for any concept development is the function.
Of the size of the team and the time, and then also I would argue the the requirements that come at the end of that right. If you look at a competitive mission, AO with 120 requirements, right.
You have to meet each of those requirements for the AO, so you need a team that can meet each of those so that that CMO four team especially starts to grow and the base CML five team you know to get all those requirements met really starts to match.
What the AO or what the NASA study expectations are giving you?
Time wise, you know I've seen a concept mature.
Go through that whole scene by one through 5 stage in a dedicated team of 10 full time people you know for a sort of medium or small, more likely small mission class.
I've seen that either done in eight weeks, right?
With good concurrent engineering tools or I've seen it take as long as you know, four years, right.
I mean it depends on if you count how many times you go through that whole process of putting a proposal in or not and winning or losing and then redoing it, right.
I mean that.
Then you can talk about the churn and it takes a really long time so.
Hard to answer that question with one answer.
Sorry about that, but it varies.
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Amini, Rashied (US 323A)   59:47
We are at time.
We have two questions remaining.
John, I'll leave it up to you.
Otherwise I got a couple announcements just to make and I'll open close up.
[image: ]
Ziemer, John K (US 5300)   59:54
OK.
I'm I'm happy to. Rashid. Be sure to pop my e-mail in there.
I'll be providing these slides.
I don't know where the repository is. The Rashid and folks will post it, but you know, happy to follow up with anyone on questions.
You know best practices.
Like I said, I've got a whole nother talk about, you know, technology infusion. I've got a whole nother talk about really working that that science and and and engineering and implementation and costs.
Trade space like you know.
Really heavy, you know, very detailed, heavy ways of doing it. If you've got a really big concept to really quick, you know fast and and quick ways of doing it. If you're really just trying to push a a smaller concept through right.
Especially nowadays, when we talk about, you know, QuickTime to science, right?
How do we how do we get through this process really quickly and still make good decisions?
We can talk about that for another hour too, but the the you know basically there this whole process is set up so that when you're really starting.
When you really get that phase a, you've already made some really good decisions about what your mission concept is, and that's fundamental so that it's robust. It's ready. You know, it's gonna cost the cost, risk is low and you can move forward and get things done quickly, so.
I'm hopeful that that you know, as we look at how to get to science faster, you know we can really we can make this process faster too.
[image: ]
Amini, Rashied (US 323A)   1:01:16
OK.
Well, thank you, John.
So just as far as announcements, I there is already a version of these slides available on the Astra Resources page.
I will try to put that link in the Q&A in response to Zhu Yun.
Otherwise, I believe June 26th is the submission date for these ideas, so if you have an idea, please coordinate with your PAG chair and Jessica Gaskin who's?
Contacts are available on the Astra initiative.
Webpage. Please identify your concept on the Google Sheets. You could request permission to edit that if you have any questions about submitting your idea or developing your idea, feel free to reach out to me.
Otherwise, thank you for attending.
Thank you, John, for your great talk on CMLS and we can convene in the next webinar.
Thank you everyone.
[image: ]
Ziemer, John K (US 5300)   1:02:08
All right.
Thank you.
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Amini, Rashied (US 323A)   1:02:10
Bio.
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Pretty, Nina M (US 7520) stopped transcription
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