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Presenter
Presentation Notes
Good morning, I am Paul Heuer from Defence Science and Technology. Today I would like to talk about how technology might contribute to making systems more adaptive.
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Presenter
Presentation Notes
First though, let’s start by considering what is adaptive.

In an abstract sense adaptive can be defined as:
having an ability to change to suit different conditions 		Cambridge
having the ability or tendency to adapt to different situations		Collins
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Business Dictionary 

Presenter
Presentation Notes
In a business sense adaptive can be defined as a:
Flexible system that improves its performance (or chances of survival) by monitoring and adjusting its own configuration and operations in response to feedback from its environment. Business Dictionary

Now for me, working in Defence, the words one might associate with the military are somewhat different….
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Technology push challenges military model 

Presenter
Presentation Notes
Those technology advances that enable adaptive systems, challenge today’s military operational models. You might like to take that thought with you into the capability concepts and social and ethical sessions tomorrow.
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performance  survival 

monitor  adjust  
configuration  operations  

feedback  environment 

Presenter
Presentation Notes
Forecasting future technology is not an exact science, so instead of trying to predict what advances we will see, I would like to look at how needs might drive technology maturation.

If we focus on the four central activities, that technology can enable… we can look at them one at a time
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monitor 
 Sensing 
 Sensor data sharing 
 Data fusion 
 Information extraction 
 Knowledge creation 
 Knowledge sharing 

portableas.com 

Presenter
Presentation Notes
The ability of an adaptive system to monitor itself and its own performance, hinges on being able to sense what is happening. More and more, several sensors together contribute to monitoring. For example across the IR, visible and UV spectrum, perhaps also radio frequency and ultrasonic. That sensed data might be shared with other systems to monitor combined performance. And the multiple sensor inputs need to be fused together to align and correlate the data. Then there is the need to extract key pieces of relevant information, and then putting that into an historical and perceptive context to create knowledge.

From the sensed data, important information about the systems’ performance needs to be extracted

So one can see the need for multi-spectral sensing, data fusion, networks to share data, information extraction, knowledge creation and also the ability to share and use knowledge. These technologies exist today in some form, so it may be that the disruptive advances are in more rapid fusion, knowledge-sharing, or lighter and smaller sensors with increased bandwidths.
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• Awareness 
• Understanding 
• Cognition 
• Learning 
• Decision 
• Action 

adjust  

NCW Roadmap 

 

Presenter
Presentation Notes
Another enabler for adaptive systems is being able to make adjustments to the system, by having awareness of the environment and the system’s capabilities, by understanding the consequences of that performance, by using cognitive and learning processes, by making fast, accurate, and optimal decisions, and then being able to successfully execute the course of action, perhaps against counter-actions from other elements.

So for an adaptive system to make adjustments one could think of technology such as machine learning, rapid concurrent option modeling, and action-impact assessment technologies. There might also be the need for decisions as to which element of the system is best-placed to perform an action, so perhaps optimization of real-time tasking.
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(re)configuration 
 open architecture 
 open-source 
 modular 
 software-defined 
 Parameterisation 
 Mission-specific 

 beckhoff.com 

Presenter
Presentation Notes
Changing configuration, or reconfiguration is an action that links well with the underlying technology. If we think about the concept of an open architecture, that is a framework by which ‘best of breed’ functional components can be added as the need arises in a modular sense, and open source, meaning that anyone can know how such a system works.

There is also scope for more software-enabled or software-defined functionality of generic technology blocks. By that I mean a generic device whose function at any point in time is defined by the software being executed. Today software-defined radios are in use by the military, but that concept could apply much more widely in digital disruption.

Then there is the concept that parameterisation, or the parameters loaded into a system, can be quickly changed to allow the system to adapt to new environmental conditions. If you think about a GPS navigation system, it has a basic hardware format, screen, battery, processor, an operating system that runs the hardware, but then a set of maps are loaded that provide parameters to the system. Those maps date very quickly, so there are various ways of updating the parameters in the system. Online map updates, real-time roadwork alerts, and traffic updates. But imagine if the system knows what mission you are on today, commuting to work (where is the shortest takeaway coffee queue), doing the shopping (where is the best price for the staple groceries you buy each week), or out with friends on the weekend (I’m from South Australia, so that would be which winery also serves wood-fired pizza). And the user needs to be able to change the parameters and add new functions quickly, or even automatically based on the situation. Now put that example into a military context.
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operations 
 Humans 
 Automation 
 Human on the loop 
 autonomy 
 trust 

Mercedes-Benz S500 Intelligent Drive TecDay Autonomous Mobility 

Presenter
Presentation Notes
The last of our four areas is operations. The continuum of humans completely controlling a system; of being assisted with automation; of a human monitoring automation (human on the loop); and then a fully autonomous system. In a military context this progression is very important. In many cases a failure of automation comes with casualties, military operators want to know how an automated function works in order to build trust, and there is the problem of autonomous systems adapting to unforeseen and previously un-encountered situations.

Building and maintaining trust is key here. Hence DST’s major research program in Trusted Autonomy.



10 

UNCLASSIFIED – Approved For Public Release 

Presenter
Presentation Notes
So being adaptive in 2040 will require technologies that allow monitoring, adjusting, reconfiguration and new ways of operating. Of course market competition in the commercial sector is always looking for ways to do this ‘smaller, faster, and cheaper’, and in looking for innovative ways to combine or integrate the technology changes.

However one key element of digital disruption is that a completely unrelated technology is utilised in a novel way. So over the next two days I will be most interested in those unrelated technologies that might disrupt our current thinking of what constitutes an adaptive system.
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Martin Cooper  
1973 

Steve Jobs 
2007 

Who? 
When? 

Presenter
Presentation Notes
As I said at the outset, forecasting technology changes is certainly not an exact science, but as you look at disruptive technology progression in the civilian market…..
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Presenter
Presentation Notes
Over the next two days please also consider what that might mean for our men and women warfighters in 2040. 
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Adaptive Systems in 2040 

Presenter
Presentation Notes
I hope you enjoy the next two days. Thank you.
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