Interview with Tony Miller - 16 January 2001, following his receipt of the Sir Ian McLennan Award in 2000
Q: Tony, could you tell me a bit about your work before you joined CSIRO?

A: When I started at the University of Queensland I was planning to do Engineering, but after the first few days I discovered that it was not for me, so I did a Science degree. I originally intended to do Physics but I was so seduced by some of the maths lectures in the first year that, in the second year, I did as much maths as I did physics and then as it went on I drifted more towards maths. 

When I finished my undergraduate degree, I took some time off to travel and discover myself in a late 7 0s sort of way, and then started doing a PhD at the University of Queensland. As part of that I went over to the US to the University of Maryland for 18 months or so. Then I came back and finished my PhD. I went back to the US for 2-3 years for some Post-Doctoral work, then moved to the Centre of Mathematical Analysis in Canberra in 1983. I always knew about CSIRO and it had always appealed to me as a place to work, but at that time it wasn’t really in my sights.

In Canberra I met Frank de Hoog and Bob Anderssen. They had a joint appointment with the Centre for Mathematical Analysis and I did a bit of work with them and, lo and behold, I decided to join CSIRO. A position became vacant in Adelaide and I moved down here to Adelaide. I joined CSIRO on 3 March 1986.

Q: Tell us how you first came into contact with Sola.

A: It was not the usual way contacts are made. We didn’t have marketing people in those days so it doesn’t neatly fit into a marketing story. 

At that stage almost the entire Division (DMS) were statisticians. I was the first applied mathematician here in Adelaide so I was a bit of a novelty. At that time there was a statistician here called Robin Lamacraft who was interested in computing and was a member of the ACS (Australia Computer Society). A few months after I joined CSIRO, he met a person at an ACS social event who was from a local software development company called Finite Development. They were looking for some assistance in manipulating shapes and so Robin said, "Well we have a new applied Mathematician and he might be able to assist." Robin introduced me to this person and it turned out that Finite Development had a contract with Sola to develop some lens design visualisations. 

Finite Development originally intended to use some software packages which they distributed, but they had quickly realised that this wasn’t going to work. I had a chat with them and they were interested in what I could do and it developed from there. 

In those days the Division (Mathematics and Statistics) was specifically not permitted to do external work – it had to be channelled through a company called SIROMath - and so the initial contract was between SIROMath and Finite Development, who in turn were contracted to Sola. 

It was strange because in the first few discussions with Finite Development they didn’t tell me what the problem really was. They said that they just wanted to manipulate shapes and visualise the results. I said, "Well why do you want to do this?" They were a little bit coy at first. However after a few meetings (they must have gone back to Sola and discussed it with them in the meantime), I was told that the company they were working with was in fact Sola, though I had to sign a Confidentiality Agreement before being told this. I hadn’t heard of Sola before in my life, but I soon started meeting the Sola people.

Q: Are any of those people still around at Sola?
A: Very few. Actually, there is probably no-one that I work with at Sola today who was there when I began, so to some extent I carry a fair bit of historical memory which Sola itself doesn’t have. Sola has reinvented itself two or three times as a company since that time. They have been through changes of ownership and completely new people coming into the R&D group. The R&D group has grown in size and importance within Sola, and it has become a separate entity with its own purpose built building. Every time a new contract is negotiated I am surprised that it is still going. I think I have done everything I could possibly do but they always find interesting new things or want to extend existing things. 

There were some interesting mathematical problems which have been behind most of what I have been doing over all these years and I think now that I have probably worked out to my own satisfaction most of those problems. That is not too say that there are practical issues which they are interested in and which I could work on but, to some extent, the deep and interesting mathematical problems are solved.

Q: Is it possible to describe some of the mathematical challenges without completely losing us?
A: Sure! Traditionally the surface shapes of spectacle lenses were defined in terms of spheres, cylinders, or combinations of these which are sections of the surface of a torus. The reason for this was that these shapes could be easily fabricated by traditional lens surfacing machinery. That was fine for single vision lenses and even bifocals where the idea was to take a toric lens and add a segment of another sphere onto it. 

The optics of these simple kinds of lenses were understood technically in a traditional way. This was adequate in most circumstances, but it was beginning to be a struggle once you got to some of the more sophisticated traditional lenses. Once you got into progressive lenses the traditional way of thinking just wasn’t up to it. 

Q: Was the traditional thinking mathematically based?
A: It was originally back in the 1800s, which is when the ideas of astigmatism, cylindrical correction and spherical correction were worked out. Names like Young, Airy, Helmholtz and Stokes which are well known to applied mathematicians, were involved. Since the mathematics, to some extent, explained everything there was to know at that time, there was no need to extend it. What had happened was that people who were working on the practical side, who didn’t understand or want to know the mathematics, developed simplified rules of thumb and shortcuts for calculating and understanding things. Those rules of thumb persisted and were fine for the purpose, so there was no real incentive to develop more sophisticated ways of looking at it. 

With the advent of progressive lenses there was obviously a reason to look at things in a more sophisticated way and also at the same time the advent of readily available computing facilities made the calculations more practical.

 Progressive lenses began as a sort of curiosity in the mid 50s in France, though they didn’t really become a marketable idea till the late 70s or early 80s. Sola recognised that there was an opportunity but was struggling to see how they could develop it. This was one of the reasons they went looking for some way to - as they described it to me - manipulate complex shapes. 

What they were saying was not being expressed mathematically. So I had to learn those traditional terms and understand them mathematically. Then I could interpret what they were asking for in both mathematical and traditional terms.

I think they didn’t really understand what they were asking for. The technical terms they use are sphere power and cylinder power. You can imagine what a spherical surface is like, it has the same radius of curvature in every direction. A cylinder is curved in one direction but, in the perpendicular direction, it is flat. So the traditional way of thinking of lenses is that they are in some vague, undefined way a combination of a sphere and a cylinder.

In an everyday practical sense that is a good operational way of thinking. It gets you through the daily grind (haha) of making lenses, but it is a simplification. What you are really looking at is curvature of a general surface. To understand and interpret that was really the challenge. It was taking traditional processes, recognising them to be simplifications and trying to fit them into a more general, mathematical interpretation. If you looked at the literature, at the more sophisticated text books, they were heading towards this direction too, but I had to work it out for myself, in my own way. 

Q: So you treat the lens as a surface which is definable mathematically?
A: Yes. And instead of talking about spheres and cylinders you talk about a general surface and any point on the surface has a general curvature and you talk in those terms.

Q: So were there, in terms of the maths, many ways you could have approached it and you had to sift to find the best or was there an obvious path to take?
A: Well there may well have been a more obvious path to take had I looked around, but one of my fatal flaws is that I like to do things myself, which means I tend to reinvent the wheel a bit. For some people, whenever they have a problem, the first thing they do is a literature search. This is probably an efficient way to go. Maybe it is my ego or laziness, but I say, "Wouldn’t it be good if I could do this myself from scratch?"

So what I did in this case was to do it the way which seemed most natural to me. I suppose this was influenced by coming from a background in numerical solution of partial differential equations. My natural response was to try to turn this problem into a partial differential equation which was related to the curvature. So the answer to your question is that the approach I took might not have been the most efficient way to do it, but I did it in a way which was familiar to me.

Q: What was the climate like in CSIRO when you started the SOLA work?

A: We are talking about different times than now. I remember a previous Chief of DMS, Peter Diggle, came to visit Adelaide and walked into my office and said, "It is a real problem for us your working with Sola. It is not what we should be doing. I really don’t know how to organise this." From today’s perspective, this seems a very strange point of view! This is not meant as a criticism of Peter in any way. That’s just the role we had in those days.

The charter of DMS at this time was to provide services to other CSIRO divisions. The original motivation for SIROMath was to provide some mechanism to work directly with industry. In the end, whatever concerns people had were overcome, and I think there was actually a direct Sola/CSIRO contract around 1988. 

Q: And how have things changed since then?
A: The relationship has progressed quite a way, but there still have been ups and downs over the years. Every now and again there has been feeling within CMIS that SOLA might be getting away with too much. I think there is some belief that maybe our relationship has become a little bit too cosy and that we are not being hard-headed enough about it because I know the people so well at a personal level. That has to be balanced against the issue that it is a long term relationship and you don’t charge the same for a long term relationship as you do for a short term one. So every now and again there have been suggestions that maybe we should to try to make some profit sharing arrangement with them.

From SOLA’s point of view, I know there is a concern that they may be becoming too reliant on my involvement. This has prompted a fair component of my time being devoted to education of SOLA personnel, and other technology transfer matters. Yet they still joke about my being run over by the proverbial bus!

Q: Have you ever felt that working with Sola was making you sacrifice pure research?
A: Well I have never been too keen on pure research! What was really good about Sola is that often I would go out there and say "Why don’t you try this?" and they did it, and a few days later they had the results. Some other CSIRO Divisions I worked with at the time, when I said the same thing, they said "Oh I don’t know, let’s think about it a bit. We will have another meeting about it and keep it in the back of our mind." But Sola took what you said seriously and that really appealed to me. I really enjoy working on something practical, something where you could see the results quite quickly. You make some suggestions or you make some modifications to some software and, lo and behold, they would be using it in a couple of days and be making products on the basis of it. 

There are down sides. It's a commercial environment, so money is important and the the freedom which you had at CSIRO then, which is perhaps diminishing now, of being a publicly funded scientific research organisation as opposed to a commercially funded research and development organisation is somewhat different. Money matters there and you have to be doing something which is relevant and results are expected.

Q: Did you ever feel that there were directions that were very interesting to you mathematically or scientifically that you would have liked to pursue that weren’t necessarily going to lead anywhere commercially?
A: There were some things I would have liked to pursue. For example there was once an interest in a manufacturing process they call ‘slumping’ which I’d like to understand better. Basically what I did for SOLA was almost a black box model, an operational model which allowed them to control the process and they seemed happy with that. They said, "Well why do you want to do anything more? This gives us what we want."

Q: So it’s a matter of where you stop?
A: It’s a matter of where you stop and, from their point of view, that’s perfectly understandable. What you do has to have results and work which doesn’t seem to have the prospect of results isn't supported and this is where CSIRO is heading. CSIRO changed over these years. It's become a more commercially aware organisation where work has to be justified on reasonable expectations of success. You can’t guarantee success but there’s got to be reasonable expectations. Sola was like that even earlier on, so I had a full taste of the approach which is now becoming part of CSIRO. 

Q: Have you felt that the things that interest you have changed as a result of that interaction: that the things you like to work on – outside of Sola - have been influenced by the work you’ve done with them?

A: Yes, I’ve tried to use the approach that I’ve used with Sola in other places. I’ve tried to use the background knowledge that I’ve had to develop to be able to work with Sola, in optics and in other areas, in other applications and to look for applications where that knowledge can be leveraged. Not with that much success at the moment but I think the long term success of the Sola interaction has given me considerable self-confidence in pursuing other things. Obviously the personal experience of working with Sola also informs everything else I do.

Q: I was going to ask you about the benefits personally and professionally.

A: Oh yes - lots of things. My position in the Division has probably been enhanced by the Sola interaction. It's often held up as a good example of an industry relationship, and that gives me some feeling of pride for myself, for my project group, and for lonely, isolated Adelaide. 

I think personally I’ve also learned a lot from it. I used to think I could do anything if only I set my mind to it, and Sola showed me that maybe I couldn’t. I still think I should be able to, but you get to know your limits and ironically that helps your self confidence grows. At the same time you learn that the world is a little bit more sophisticated or a little bit more complicated. 

The Sola work has been a big part, probably something like 60% of my time in CSIRO, so much of my personal development over that time has come about through it. I think I also gained an understanding that in commercial and industrial research it is often knowing that you can effectively solve a problem by simple means that turns out to be important. That's really surprised me because, coming from university and from an academic background with all this highly developed mathematics, often the most valuable contributions are simple things.

Q: It's as much about applicability as knowledge?
A: That’s right. For example the black box model wasn’t particularly sophisticated mathematically. It didn’t go into the physics or anything like that which I would have liked to. It was simply saying, "Oh here’s the input, here’s the output, how can we relate the input to the output in a simple way and how you modify the input in response to the output." It’s a simple feedback thing – very simple- but it did the job and it was something that they really appreciated. That process has been superseded now but at the time it answered a big problem they had. Simple things can often have great impact.

Q: Have there been more tangible benefits?
A: Well very few publications. I’ve tried to have a few things published but Sola generally wanted to keep it in-house. The things that I tried to have published I thought were generic enough not to give away too much. It seems a bit silly to me because I think the information is pretty well known anyway. Although there are patents in ophthalmic lenses, no-one seems to pay much heed to them. Nonetheless, unfairly or otherwise, they do have some concern with confidentiality and that’s prevented most publications. A few things have been published but usually for something that Sola can refer to in their marketing stuff. That’s the usual way.

Q: So has that been a problem for you?
A: It's been a problem in terms of promotions, but personally it's never been a problem with me. With the promotions I suppose it's always been managed because increasingly there’s an alternative to look at the impact of the work. Personally it would be good to have some more publications but it doesn’t perturb me that much. I know for some people it's a very important part of their life, but not so much for me. One of the reasons is that I tend not have the patience, once the work is done, to write it up for publication. I want to go and do something else. Once you’ve got the results, that’s it. I could also of course, just be lazy!

Q: So applied science is really your niche?

A: Yeah well I feel more comfortable there, whatever applied science is.

Q: If you hadn’t joined CSIRO do you think there would ever have been scope to get involved in a project like this in any other organisation?
A: I don’t think so. I think CSIRO is unique in Australia in applied research. There are problems with CSIRO of course. You talk to people in industry about CSIRO and some people will be very polite, but some people will say CSIRO doesn’t know what they’re doing.

This is relevant to things I’ve learnt from Sola. They are a well-focussed organisation. They have a definite product which they have to sell to stay afloat. I feel that I know some of the people at Sola well enough that they don’t go into polite mode when I ask them questions and some of the responses I get about this is that CSIRO doesn’t quite know what it's doing. It's trying to go in too many directions at once. I don’t know what evidence they base this upon, but these are the same sorts of questions and the same comments which of course exist within CSIRO too. 

The whole sector process is an attempt to narrow down the fields of activities but still CSIRO doesn’t have what is very obvious at Sola. If you ask people at Sola they will all know what the latest sales figures are because their job very much relies upon that. They know how such and such product is going in the USA or Europe and there’s lots of internal awareness of company politics. So they are very much aware that their job relies upon the company doing well. That bottom line is perhaps a bit more visible there than it is in CSIRO which is not necessarily a good or bad thing but it’s a statement of fact.

Q: Do you think that the perception of CSIRO amongst industry people has changed over that time, over that 14 years, that they are less or more aware of what we offer?
A: I don’t quite think it’s the range of offerings. I think that people have always seen CSIRO as a tremendous resource in terms of skills. I think the question is "Can CSIRO deliver meaningful results and is it well focussed enough?" 

Q: How important to you was to get some external recognition of your work in the form of the award?

A: Not particularly. Oh it's good, I can’t deny it's nice to have such things. I might be sounding falsely modest here, but I think I appreciate it more as a recognition for the Division and for our project Mathematical Modelling of Industrial processes (MMIP). CMIS is not a division which is talked about a lot in the wider community because our products are so intangible so I suppose it's an honour. I don’t think many people knew about the award outside CSIRO. Yes, it was nice to be recognised.

Q: Let's put Sola aside and talk about some of the other work you’ve done?

A: As I said Sola’s probably been about 60% of things. Over the years I have had quite a lot of collaboration with the Division of Manufacturing Science and Technology (CMST) or Division of Manufacturing Technology which they were when I first joined. They are located here in Adelaide. Indeed when I was appointed, one of the rationales of my appointment was that I could provide some mathematical support to that Division. So I’ve worked with a few projects with them. I worked on a project which was one of the early Boeing projects on modelling of the solidification of metal castings. 

I did a project which was involved with developing a means to compare two different shapes by a moire pattern process where the application was body panels of cars. 

I’ve worked on other metal processing projects: welding projects. I’ve worked with CMST again for the last couple of years on some modelling of a plasma process for reducing titanium. That project has finished now. I’ve also done a fair bit of work over the last three or four years with Defence Science and Technology Organisation on thermal methods for land mine detection. Again that work hasn’t really proceeded as far as I would have hoped. Their priorities are somewhere else.

Q: Is it still going on?
A: Well I chat to them every now and then and the project’s still alive but there’s no funding for it, so it's not happening. That project involves using subtle temperature differences – when you bury an object in the soil if that object has different thermal properties of the surrounding soil you’ll get a subtle temperature change above the buried object relative to the surrounding soil. The idea is to use this to detect buried objects, in particular buried land mines. What I did there was develop a mathematical model of heat conduction in the soil in the presence of a buried object which would allow you to predict theoretically what temperature differences you’d expect. The question which is yet to be resolved is can you do it in practice and what are the limitations of the method. I think there’s still a little bit of interest in it but their main focus is electromagnetic means, enhancing metal detection and using ground-penetrating radar. It was a nice exploratory project but they haven’t really pursued it that much. 

Q: What about the future, what do you see is the next stage?

A: Well as I said before, I always think Sola is going to say "Well that’s it, we’ve done everything." I’d like there to be some continuing relationship with Sola. I grapple at times with what more can I do, but they always seem to come up with some new ideas, so I hope Sola continues. What I would like to do is make use of some of the techniques and background knowledge that I’ve developed at Sola, in some other activities; but this hasn’t really happened yet. I’ve also tried to get other activities with Sola which involve other people from CMIS. Again, not much progress here.

One direction I’d like to pursue in the future is work in “new economy” areas. Our project, MMIP, is traditionally involved with “old economy” industries. There is nothing wrong with that, but I feel we need to diversify if we are to survive as a group and as a discipline. Some of the newer economy industries where some of our physical modelling skills might be useful are in the biotechnology and biologically based manufacturing areas. There may also be opportunities in photonics, which is a combination of optics and electronics, and in communication technologies. We’re informally exploring what opportunities exist; but it is a slower process than I would have hoped, and as of yet not so successful. It’s hard to reinvent yourself overnight!

Q: Is there any advice you’d give to people coming up through the ranks in CSIRO today?

A: Sounds like a pompous old dog talking to young pups. Going back to my point before about the solutions sometimes being simple - you’ve got to stand back and take a wider view. You don’t necessarily have to solve the problem that you are given. You have to ask the question "What's the real question they’re asking me? What's the problem they really want to solve?" We talk about focussing on our customers, almost saying the customer is always right; but my feeling is that the customer often doesn’t really know what they want. It's part of your responsibility, if you claim to be an expert in whatever you do, to discover the real question. Often you might have to go along with them for a while to develop some confidence, but it's really a two way communication. Don’t believe that they really know everything about what they want, but equally well respect their experience and don’t think you know more about their industry than they do.

I recall Frank De Hoog once saying: "It's often common sense that pulls you through", and I could really relate to that because more often than not it’s the simple mathematical things which have the biggest impact and it’s the ability to know when to apply them, where to apply them, and to see things in a wider perspective that yields useful results. Another thing Frank said was that being an outsider coming in, if you’ve got the right attitude, you can see things in perspective that people on the inside often don’t. You’ve got to play lots of different roles.

Coming down to personal things: don’t be afraid to ask questions, don’t be afraid to say you don’t understand. In the end, I think you’ll get more respect if you ask questions rather than pretend to understand; but at the other extreme you can’t make out you’re a complete novice.

Q: What do you think about the dissatisfaction at some levels in CSIRO about requirements for engagement with industry and how that impacts on scientific credibility, scientific publications?

A: Well again I suppose it depends upon what value you put on publications. What's the role of publications? They are good for promotion, good for your self image and you are disseminating the work that you have done to a wider audience and contributing to the sum total of human knowledge. However, they are not the only way of packaging your work. If you are working with industry and there is impact, then that increasingly is important in promotions. If you see your work as having impact then I think you may well be fulfilling the social obligation we have to do something useful.

For me it's not particularly a problem. I suppose it's what drives you. I’d like to feel that the work that I do is socially useful, and I’d like to see the work I'm doing is leading to something which is satisfying.

 If you look at the IT area, it seems to me from the outside that publications are not as important a way of packaging work. The publication process is only one means by which you can demonstrate what you have done. It's not the only one – and if people are concerned about that – then they should ask themselves, "What do I really want from what I do?" and maybe there are other ways which can equally well be satisfying.

Q: Well I guess it's almost limitless really?
A: I’m continually surprised that the work I’ve done for Sola has had on the face of it such impact, because I’m sure there must be hundreds and thousands of people who could have done the same thing, maybe even better. 

Q: Well it's not to say that being the person who actually did it and being in the right place at the right time?
A: Being at the right place at the right time with the right attitude, that’s very much part of it.


