v3.1 – As Delivered

Page 14 of 14


Text © Graham Jordan 2005 and 2007– Graham Jordan has asserted his right to be identified as the author of this work 

Graham Jordan’s Keynote – Script for Edinburgh EMRS DTC Conference 11 July 2007

Introduction

Good afternoon. I am greatly honoured, to have been invited to give this keynote to the Conference. And to give it in the city where in 1865, James Clerk Maxwell predicted the existence of radio waves, over 20 years before Heinrich Hertz showed that such waves really existed.

I have chosen to talk about "Changing Demands on Sensing Systems". That will cover a lot of things, but I am not going to talk about sensors in strategic intelligence systems, nor am I going to say anything about sensors in weapon systems. And I am going to leave out the kind of covert sensors used by the Security Service.

The Cold War Legacy – The Army on the Move

I want to start by looking back to the sensor technologies that were central to the land battle-space of the cold war, because these still define much of the in-service legacy that we have. Since the end of the Cold War, the demands placed on sensors, and the systems that use them, have changed profoundly and are still changing. I want to review the drivers for change and say something about the trends that are current and are likely to lead to further change in the future. 

So let us go back to the Cold War. If hostilities had ever occurred,  massive armoured formations would have moved West [Slide – Challenger tanks]. From time to time they might halt in a town or wood, or in the open. But there would be times when they were all on the move, in the open. So there was a need to detect vehicles on the move – in fact, to detect an Army on the move – [Slide – Army on the Move] both so that NATO could manoeuvre ground forces to counter the main thrusts, and attack them with air and artillery. An attack would itself be supported by massive artillery, so there was also a need to locate that artillery in order to destroy it. Much of this concept of rapid movement in open country lives on, incidentally, in the concept of Manoeuvrist Warfare, which is a central part of US and NATO military doctrine.

By the end of the Cold War, the West, and particularly the US, had got pretty good at the easier parts of these problems. There were good radar systems for locating guns and rockets when they fired. And there were also pretty good systems for detecting vehicles on the move, from long range. We got a good idea of the state of the art in 1991, at the end of the first Gulf war, [Slide – Iraqi withdrawal 1991] when Ground Moving Target Imaging radar in US JSTARS aircraft, imaged Saddam Hussein's defeated army, streaming out of Kuwait and back down the road to Baghdad. And there were high-resolution sensors around, including both Synthetic Aperture Radars and Electro-Optical sensors, that would have told us which of the blobs on the screen were tanks, which were trucks and so on. 

The Concealed Army

It was always accepted that vehicles not on the move but stationary were more difficult to detect. If they moved under trees that was harder still; if they moved inside a building that was very hard indeed. This was brought home by experience in Kosovo. The campaign started with the intention of using NATO air power to cause so much damage to the Serb army that they would withdraw, without the need to send in land forces. But this concept was based on a mental image of an army in an aggressive military deployment - an army on the move.

In fact, with no land threat, the Serbs had no need to deploy, and all their efforts went into simply keeping their army in existence in Kosovo without it being destroyed - by concealing it! And they did this very effectively: tanks and other vehicles were placed in multi-storey car parks, or in agricultural or industrial buildings. Even when assets were less completely concealed, they still presented some pretty tough problems. Was that a Serb army truck [Slide – Army   truck (Russian)] , or a truck full of refugees? [Slide – Refugee truck] And to make matters worse, the Serbs proved very good at constructing dummy tanks and guns [Slide – Decoy gun] out of scrap material and using custom made dummy replicas.

It was quickly found that available sensors were mostly not good enough to distinguish military assets from dummies, and from civilian assets, quickly. In many cases, aircrews had to peer at ground targets with hand-held binoculars from 10,000 feet. Although the Serbs eventually withdrew, most of the Serb Army went home unharmed.

So sensor technologists had to find ways of coping with a Concealed Army [Slide – the Concealed Army], hidden by foliage, in buildings, in urban areas. And which had to be carefully distinguished from civilian objects and from decoys. And this had to be done by night and day and in all weathers.

All this needed good resolution, and in particular the kind of resolution that only optical sensors could provide. In the short term, a lot of effort went into improving optical sensors on tactical aircraft, and on making sure that they were fully integrated with the weapons systems. Mostly these were passive infrared systems. 

But for the longer term, the passive systems available were not good enough. To provide 24-hour capability, we found ourselves driven towards longer wave length infrared sensors, in order to ensure that there was enough radiant energy from the target by night. But to get the resolution that we needed, to distinguish a military truck from a refugee truck, we found that we then needed uncomfortably large apertures – quite apart from the higher costs associated with long wavelength technology. That was, and is, fine for specialist reconnaissance systems [Slide: Goodrich system image], but not for weapon platforms.

This led to a new emphasis on Active Infrared Systems, often based on burst mode illumination using lasers. This enabled us to push towards shorter infrared wavelengths, using active illumination to compensate for lower levels of natural radiation at night. [Slide – range-gated (5cm) image] It also made it possible to use range gating to extract three-dimensional information from the target scene. 
The problem of targets concealed under trees also got renewed attention. In this case, getting the right resolution at the right wavelength was not enough - the problem [Slide- Tank in trees] was to untangle the image of the foliage canopy from the image of the target behind. In principle, this could be done by range discrimination using a pulsed laser (as the DARPA Jigsaw system later did) - or perhaps by massively complex image processing. 

However, a number of other approaches seemed more promising. One was to use hyper spectral analysis of the image signature, in order to distinguish the green of natural foliage from the green of green paint. [Slide – Hyperspectral Analysis] This is already done in environmental imaging to distinguish vegetation types. Another idea was to look again at the potential of laser vibrometry. And polarisation analysis was also seen to have a role.

The trend here represents a move away from the optical sensor as something that merely produces a two-dimensional image, first to the optical sensor that produces a three-dimensional image, and then to the optical sensor that gathers data in non-spatial dimensions. 

Another way of tackling the target under foliage that has been suggested is to combine an optical sensor in an integrated system with a radar sensor. Probably this would be a low-frequency radar, say in the VHF band to achieve good foliage penetration, and an optical sensor to extract detail from the target scene that the radar could not. This is an example of another trend that I shall return to in different contexts - that of multiple EM sensors being combined in a more complex system.

So to sum up so far. We have an increased emphasis on optical as opposed to radar sensors, and on shorter optical wavelengths as opposed to long ones, both aimed at getting more resolution in order to distinguish real targets from decoys and civilian objects. Then we have the new interest in optical sensors that produce three-dimensional images and capture non-spatial data, in order to distinguish targets from complex background or foreground. Then there is the idea of packaging an optical sensor with another sensor, such as a radar, in a tightly integrated system, so that the two types of sensors can share their complementary strengths and neutralise each other’s weaknesses.

And there is another trend that is implicit in what I have said, and which I shall return to later. I started part of this story talking about people looking through binoculars. This is an example of the optical sensor delivering an image for a human to analyse. But by the time I was talking about hyper-spectral imaging or optical and radar sensors packaged together, I had got beyond humans looking at an image, for two reasons. First because humans are only really good at identifying and recognising objects, when the image is somewhat similar to the kinds of images we see with the naked eye.

Second, the increased resolution we are striving for, means more pixels in a scene and more detail to search in order to find a target.

Both of these drive us towards automatic scene processing - the ability to scan a large volume of imagery and pick out the targets, or to cue the likely targets for a human to make the final decision - at least where a human is capable of recognising a target in the scene at all. In the simplest case, the automatic process could simply identify changes in the scene since it was last imaged.

[Slide - summarizing these points]
So the trends I have identified so far are:

· Optical rather than radar sensors

· Shorter optical wavelengths

· Active illumination

· Three-dimensional images

· Non-spatial optical imaging (eg hyper spectral, vibrometry, polarisation)

· Packaging of multiple sensor types (eg optical and radar)

· Automatic scene analysis and target detection

The Invisible Army

If you think of Kosovo as revealing one aspect of the new world in which our sensors will have to operate, then the events of 9/11 and thereafter revealed another. The Serb army behaved quite unlike the massed armoured formations of the Warsaw Pact. But the people in it still wore uniforms. It was an army but a concealed army.

The combatants of 9/11, and in Afghanistan, and in Iraq, have not worn uniforms. They Constitute an Invisible Army. [Slide – Invisible Army] And this has been quite deliberate. Making themselves indistinguishable from the civil population enables them to obtain protection by appearing to be non-combatants.And since the civil population spends most of its time in urban areas, the Invisible Army can take advantage of all the complexities that urban terrain poses to sensors – from the difficulty of seeing through walls, to the possibility of ambushing our forces at short range. If the Concealed Army of Kosovo was part of the way to disappearing into the concrete jungle, the Invisible Army is all the way there, or can be if it chooses. And, as you will know, this is central to the MOD’s current technology Grand Challenge, bids for which have just closed.

Another, and separate, advantage that terrorists and insurgents derive from this, is that our forces find it hard not to harm the law abiding civil population, in which the terrorists or insurgents have hidden themselves. This harm can range from the inconvenience of not being able to carry a bottle of water when boarding an aircraft, to civilian casualties when combating insurgents in Afghanistan or Iraq, to police in London killing a Brazilian electrician in mistake for a suicide bomber. These collateral effects can undermine the credibility of the forces of law and order and, in an extreme case, can enabled the insurgents to position themselves as protectors of the civil population. 

All of this places a very high premium indeed on having the means to distinguish terrorists and insurgents from civilians. There are several strands to this.

Let us start with the simplest. Anyone who is not a US citizen and who has been to the US in the last few years, will have been photographed and fingerprinted to aid identification. [Slide – US immigration control] This is part of trying to be sure that people are who they say they are. However, this is not as easy as it looks. Automatic recognition of fingerprints has been around for quite a few years, but it still requires manual checking in doubtful cases. Similarly, automatic face recognition exists, but is not yet sufficiently robust to even quite simple changes in appearance.

If this simple case is still giving us some problems, then consider the difficulties posed by recognising a face in a crowd. [Slide – face in crowd] With open transport systems such as trains, the road network and ferries, not to mention security cameras in public places, we would like to be able to check faces against known suspects as they pass by. This is one of the Big Challenges in the security arena. 

In describing the face recognition problem, I have implied that the optical sensor produces a two-dimensional image in the visible spectrum, and then passes the problem over to image processing and database software. But the sensor itself might be able to make a bigger contribution. When measuring human bodies in order to compile statistics on body size and shape - so as to get the right sizing system for garments, for example - we capture and process three-dimensional, not two-dimensional, images. This can be done by using a scanning laser in a kind of LIDAR, or by casting a grid of light across the body - or the face in the present application - and observing the distortion of the grid. [Slide – Light grid] In the systems I am aware of, the grid is created in the visible band, but an infrared band could be used to make the system covert. And, of course, a three dimensional image could be produced using a hologram. 

All this assumes that we know who we are looking for. A yet more difficult, but important, problem, is to identify people we have never seen before, but who are acting in a suspicious way. The four suicide bombers who attacked London on 7th July 2005, all arrived in London together on a train that had come from a place where there were known to be Islamic extremists, and they were all carrying more or less identical rucksacks. When they got on to the station concourse they parted company without saying goodbye to each other. The railway station security cameras captured all of this. [Slide – Four suicide bombers] A Big Challenge would be to produce an automatic system that identified this behaviour as suspicious, so that the police, who were present on the station, could intercept the young men and check what they had in their rucksacks. Once again, the base assumption is of an optical sensor producing a two-dimensional image. But could the sensor to do more than that? I will come to some other approaches in a minute.

So far I have talked about suspicious behaviour in its most complex sense. But there is a very simple form of behaviour that would distinguish insurgents and terrorists from innocent civilians in many circumstances. This is carrying explosives, or more particularly explosives associated with electrical equipment to detonate them - in other words, a bomb - or carrying concealed weapons. If there were some way of looking inside the rucksacks of those four suicide bombers, using a non-intrusive sensor system, and seeing that each contained a bomb, [Slide – Bomb image] then that would certainly present an easier image processing problem than trying to make assessments of patterns of behaviour, and maybe easier than trying to recognise a face in a crowd.

If the explosive is producing significant amounts of vapour, then a hyper-spectral system in the appropriate band could detect the complex molecules involved. But this may not be practicable – the concentrations of vapour would be extremely low in most circumstances, and virtually zero if the explosive is well sealed.  It is possible that the approach might work with substantial stockpiles of unsealed explosive, by detecting volatile degradation products; but I am not going to pursue that.

An alternative approach, and one that has already been tried with some success, is to move out of the conventional optical bands into the borderland between optics and radar. Imaging millimetre wave radar has already been tested successfully as a means of detecting concealed weapons. [Slide – mmW image] 
An alternative technology, and one which has a number of proponents, is TeraHertz imaging, although most of the systems that are I know of are strictly speaking sub-TeraHertz. In their simplest form, these operate to form an image in much the way that millimetre wave radar systems do, and like mmW systems can exist in active or passive forms. But there is something more that TeraHertz systems might have – a few years ago there was much whispered excitement about the possibility that they might generate signatures that are specific to particular materials, possibly specific to explosives for example. However, the signature generated appears to be a complex function of both the target material and any layers of other material that overlie it – and also of factors like moisture content. 
It may be that the full potential of TeraHertz imaging, and perhaps millimetre wave imaging too, will come from some combination of image recognition by shape; plus target material recognition, by reference to databases that relate to multiple combinations of target materials, and their condition and packaging. 

So far, I've been talking about the recognition of people, things, or activities, in situations that are relatively benign to the sensor and its associated systems. But much of what I've said also applies to Armed forces manning checkpoints to detect insurgents or bombers, and to perimeter defences for force protection, in the kinds of operations going on in Iraq, for example. 

Now let us move on to protecting our armed forces on the move in a hostile environment. Let us take the example of an allied foot patrol in a hostile part of an Iraqi town. [Slide – Patrol in Iraq] They get fired on from a building. The building may well contain - indeed probably does contain – civilians, whom it would be both wrong and counter-productive to put at risk. The Big Challenges are to know immediately, exactly where the fire came from, and to know what is going on inside the building. 

Let us start with trying to localise the weapon signature. The signature will be part acoustic and part optical - a bang, a flash and possibly a puff of smoke. If the ammunition fired is a rocket-propelled grenade or guided weapon, then optical signatures will also mark the weapon trajectory. And any kind of rapidly moving ammunition will produce a brief Doppler signature for radar.

The problem with a complex technical challenge of this kind, is to choose the right package of sensors to give an effective system, which is also cheap enough, small enough, and lightweight enough, for our hypothetical foot patrol to be able to use it in the real-world. It needs to give them reliable information quickly, without the need for very much operator intervention - a highly automated system.

I am aware of no top-down analysis that ends up with a rational allocation of tasks to acoustic, optical and radar sensors. And, as far as I'm aware, the only systems that actually exist right now, are purely acoustic systems, which are intended for picking up sniper fire against fixed positions, and which – with the possible exception of one DARPA system - are not designed to move around with a foot patrol. 

An important part of the Big Challenge must be to see what cheap EM sensors could contribute to the sniper fire problem. They would need to be panoramic, capable of operating while bouncing around in a soldier's backpack, and produce information quickly and reliably about weapon signatures. What might they be? Optical? Infrared? Or ultraviolet? Or a combination? And would an acoustic sensor or Doppler radar provide the best form of cueing? There are certainly a lot of challenges here. 

Now let me switch to another part of this Big Challenge, where a lot of work certainly has been going on. This is to find out quickly what is going on inside the building after the weapon has been fired. Are there gunmen standing just inside the window? Are there civilians cowering in a corner? Are the gunmen fleeing out the back door? One possible solution that has generated a lot of effort, is the idea of the Mini or Micro air vehicle, [Slide - MAV] that might go and look through a window, or to go round to the back of the building to look at the doorway. Air vehicles as small as a hundred grams and only six inches across have been proposed and taken to an exploratory stage, and there is an intention to give them the abilities to hover in mid-air, or perch on window-ledges, or both. However, I think there is an emerging view that a great deal could be achieved without going to the smallest sizes. 

Nevertheless, there are some big challenges for sensors here. Probably CCD technology is already in place to provide simple visible band imaging, from mini or micro air vehicles. But visible bands CCDs are not enough. All weather, 24-hour capability will probably require infrared sensors, both passive and maybe active - using burst mode illumination, range gating, or a full LIDAR capability. The technology to do this on such a small scale is certainly not there yet, although developing a LIDAR on a chip is a DARPA ambition. And if we want to be able to have tilt and pan and zoom capabilities in the optics, within the weight constraints implied at the lower sizes of air vehicle, then there are big challenges in the associated optical systems, which would probably have to be based on micro electro-mechanical technology or MEMS. 

That isn't the end of the challenge, however. The information has to be got back from the air vehicle to the foot patrol on the ground. Weight constraints in the air vehicle place limits on the power available, and on the data link data rates. And at the system level, which I'm assuming will have its primary node in a soldier's backpack, there will be the need to integrate what is coming from multiple air vehicles and from sensors in the backpack itself, in order to produce a simple, reliable, and tactically usable display.

Now although people’s first thoughts about looking into buildings were in terms of peering through windows with optical sensors, that isn’t the only way to do it. It is perfectly possible to look through walls using radar frequencies, at least providing the walls don’t have too much metal in them.

In a slightly different context, archaeologists have been using Ground Penetrating Radar (GPR) to discover buried objects for years [Image of Slave Graves in Florida – Univ. Denver], and they are also widely used to locate underground utilities, and survey bridges and highways.  And some of you will know that rather similar techniques have been used in military applications, to find concealed caches of weapons.

As far as looking through walls are concerned, there was a lot of interest in the late 1990s in developing Wall Penetrating Radar for use by the police, in siege and hostage situations, and the National Institute of Justice in the US sponsored a trial of six prototype systems in 1999. But it isn’t an easy problem, and a survey in 2006 by the Swedish Defence Research Institute FOI, could only find one system that had been deployed – the Radar Vision system and its military version Soldier Vision. To this list should now be added the DARPA Radar Scope and the Cambridge Consultants PRISM 200 [Image of Cambridge Consultants PRISM 200].

But I hope the designers of these will not be offended if I say that these are short range, first generation systems, and that there is a lot of scope for developing longer range systems, capable of covering a larger area and extracting more information about the objects in that area.

So let’s go back to fundamentals. There is, of course, a large clutter return from the ground surface or the wall, which is usually dealt with by range gating. And designing a suitable radar requires a change of mindset on the part of the designer– there is a need to think in terms of a two way path speed of 150 millimetres per nanosecond, rather than 150 metres per microsecond! What is more difficult, is that the need to gate out a clutter return from short range, commonly leads to pulse lengths as short as 50 picoseconds. This implies an ultra-wide bandwidth, which makes frequency domain signal processing difficult. Difficult but not necessarily impossible – I will return to this in a moment.

A final problem is that when simply trying to detect a buried object, we might not be too worried about angular resolution. But for many military applications we must do a lot better than that. The need for angular resolution will tend to push us towards higher frequencies. But that’s a pity, because lower frequencies are usually better suited to penetrating the wall.

So how might we go beyond present capabilities, to produce an image of the interior of a building, sufficiently good to distinguish people from objects, and desirably good enough to tell whether the people are armed?

One alternative way of suppressing the return from the wall might be to use a bi-static arrangement, in which the transmit and return beam-shapes, are used to attenuate the wall return in the receive channel. That raises the question of how to deal with separated transmit and receive antennae – placed at opposite ends of the same vehicle? Or on two separate vehicles, perhaps using laser measurement, to make it possible to allow for changes in their relative positions? And if bi-static systems can be made to work, how about multiple transmitters and receivers, perhaps with some of the signals going through windows and doors, instead of through walls?  [Added after delivery: Or, indeed, through the roof – which might sometimes be an easier route.] And would the differing positions of the wall, and other clutter sources, in relation to the target, in the different channels, help signal processing? Finally, would synthetic clutter and propagation models, based on EO imaging of the exterior of a building and its environment, be helpful to the signal processing? 

If a bi-static or multi-static approach could be made to work, that might make it feasible to have longer pulse lengths, and carry out sophisticated frequency domain processing. What might then be possible? Perhaps people could be detected when they move, from their Doppler signatures. Perhaps even a person at rest could be detected from their characteristic heart and breathing rates – essentially radar vibrometry? The DARPA Radarscope does this already, using a stepped frequency transmission – although, as I understand it, it simply indicates the presence of a breathing person and does not form an image.

Or are there ways of identifying people or weapons using polarisation analysis?

Or perhaps we could go all the way to CW signals, and tune the frequency to excite modes of the voids within the building – making the half-wavelength an exact sub-multiple of a room dimension. Would this enable the presence of people or objects to be detected by changes in the resonances excited?

And would opening the door to frequency domain processing make synthetic aperture techniques feasible, with the high angular resolution that makes possible? A synthetic aperture based on a bi- or multi-static arrangement would be challenging. But perhaps it could be made to work, with laser measurement of relative locations between the components of the system, plus transmission of the local oscillator frequency between them. Or perhaps miniature atomic clocks might help to provide a common frequency standard between the transmitter and receiver. Certainly QinetiQ US have dipped a toe in the water, with a Synthetic Aperture Ground Penetrating Radar for mine detection.

These musings come with no warranty. I have no idea whether any of this would work. And there are certainly people in this room who have thought more deeply about the problem than I have, and will have had much better ideas. But I hope that I have made the point that trying to use a radar to see through a brick wall may be an idea whose time has come. And bear in mind that success in this area could do more than detect a man with a gun. The same techniques could have detected the Serb tanks inside buildings I referred to earlier, and they could detect a truck bomb being assembled in a shed.
Finally, before I leave our soldier on the ground in hostile territory, there is one more area I can think of, where EM sensors have an important opportunity to help. I can describe it by drawing together a number of elements from what has gone before. But if I discuss it in shorthand terms, this is not because it is not important - it is. 

The challenge is to provide covert surveillance over areas of terrain in which hostile forces are believed to be operating. [Slide – Commercial covert camera] The aim is to pick up patterns of movement that are suspicious and, desirably, to associate them with particular individuals. This might lead, depending on the circumstances, in a hostile act being detected in the preparation phase, or the identification of people returning after a hostile act, or in identifying individuals whose behaviour justified arrest and questioning.

Networks of smart sensors, some of which might be optical and some of which might be non-optical, could have roles deployed covertly in mountainous or other country where hostile groups were believed to be based, or in streets or inside buildings in hostile parts of towns.

Small size, small power requirements and small data link requirements would all be challenges - as well as low-cost. There might also be roles for optical sensors based in UAVs or airships, or looking out over an area from a fixed and protected location. Since the surveillance is presumed to be continuous, handling the masses of data produced is challenging in its own right. But solve it, and ideas like “history rewind” to see where a person or vehicle came from, become possible. And all that I said earlier about the automatic recognition of individual faces, and of the automatic detection of suspicious patterns of behaviour, apply here too. 

Summing Up

Well, I hope that I've covered enough ground to provoke some thinking. One of the challenges that everyone in the EM Sensing, or any kind of base technology area, faces when trying to contribute to complex military and security challenges, is that EM sensors may only be part of the solution.

There is a chicken-and-egg problem, with the military requirements specifier, and even the systems designer, not fully understanding what EM sensors can contribute. And the EM sensor technologist may not have a clear enough view of the requirements, or of how EM sensors might work together with non-EM components in a total system, in order to make the right kind of bottom-up technology proposals.

I have tried in what I have been saying, however imperfectly, to stand somewhere in the middle, and try and look upwards at likely requirements and systems, and downwards at EM technologies. I have almost certainly failed, because it is almost impossible for any one individual to have panoramic visibility of all the levels involved. But I hope that the attempt that I've made has been a help to the process. 

So to sum up the challenges that I have identified in dealing with the Invisible Army, they are to detect and identify: 

[Slide - summarising these points]

· The face at the checkpoint

· The face in the crowd

· Suspicious behaviour

· Concealed bombs and weapons

And provide for:

· Perimeter defence

· Man-portable weapon location

· Urban terrain reconnaissance (MAV, WPR etc)

· Covert area surveillance

And the technical challenges and trends that I have tentatively associated with this? Well here is my provisional list:
 [Slide - summarising these points]
· More emphasis on optical sensors

· Shorter optical (and radar) wavelengths

· Active optical illumination

· Three dimensional optical images (eg shadow grids, range gating/LIDAR, hologram)

· Non-spatial imaging (eg hyper spectral, vibrometry, polarisation)

· Packaging of optical and radar sensors

· Automatic scene analysis and target detection (including behaviour)

· Low weight, size, power, data link requirements

· Unconventional wavelengths (eg TeraHertz, mmW) 

· Through-wall radar

· Handling the data for continuous (“persistent”) surveillance

This has many similarities with the list I showed earlier for the Concealed Army, but there are some notable additions [Slide - summarising these points – last three highlighted – plus some other items] – particularly a greater emphasis on small power, size and data link demands, because of needs for covertness, man-portability and carriage in micro vehicles; an emphasis on unconventional wavelengths, because of a need to see concealed objects; a requirement to automatically recognize objects and behaviour patterns, arising from a need for continuous surveillance over large areas at high resolution; the use of techniques linked to face recognition; the need to see inside buildings; and finally, the need to make sense of a mountain of data.

I believe that the people in this room have a really big opportunity to contribute to improving the effectiveness of our armed forces, and the security of the United Kingdom. And I hope that what I have said may have made a small contribution to helping you do it. 

[Slide – Blank]

END (35 mins)

