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Why Invest In S&T?

 To create UK-owned technology to benefit equipment

 To support the armed forces in operations today, tomorrow and in the
future

 To support intelligence assessments, strategic decision making and
the evolution of doctrine

* To support equipment acquisition, support and training
 To support technology exchanges with allies

« To provide “insurance policy” and surge capacity for responding
quickly to rapid changes in an uncertain world
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SIT Organisation Structure

Mark Welland
Chief Scientic Adviser (SCS 4%
(LDN)
Paul Stein
Science & Technology Director (SCS 3%)
(LDN)
I
I |
Chris Mace Phil Sutton
DG S&T Operations (SCS 2¥) DG S&T Strategy (SCS 2¥)
(LDN) LDN
I | | |
Martin Neill Andrew Baird Bryn Hughes
Director S&T for CT and Director Defence Technology Director S&T Capability (SCS 1%)
Operational Support (SCS 1%) and Innovation Centre (SCS 1%) (SHV)
(LDN) (SHV)
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The Challenge for S&T

« develop technical capability in the
supplier base which can be drawn
upon to deliver military capability to
the front line

e improve the pace at which science
and technology is developed and
brought into service

* identify and develop those
technologies with the potential to
transform the military business

e coordinate all R&D activities
centrally to achieve maximum value
for money — need for a coherent
overall programme
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&» Defence Technology Plan

 The Defence Technology Plan (DTP)

— ...will be a plan starting with capability driven
research goals and showing how the goals will
be met by R&D activity supporting later phases of
acquisition

— ...builds upon the DTS.. and provides clear
direction to the R&D community, allowing
Industry and academia to better direct its

Investment in Defence technology.

Ministerial statement
made to the House,
Monday Nov 12th 2007.
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&» Defence Technology Plan

 The Defence Technology Plan (DTP)

— ...a new, dynamic DTP, that will set out how
MOD will deliver its research needs....will be
published on the internet

— ...technology road maps within the DTP will set
out detailed performance, cost and time
parameters for elements of sub-systems
research, together with milestones.

— ...allow greater understanding of priorities

MOD - Innovation Strategy
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&» Defence Technology Plan

— One single plan for research covering the whole
of MoD

— The means of integrating science and technology
Into Capabillity Planning and Equipment
Acquisition

— Shared with industry and academia for joint
planning

— Initially covering research — but shortly to cover
research and development

— Balanced across MoD’s needs to meet
Departmental objectives
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Ownership of DTP

 Developed and maintained ( Defence R&D J
by DG S&T Strategy Board

R&D Strategy & Deliver

e Implemented and delivered [ Steering Group y]
DG S&T Operations

« Owned and endorsed by [S”"’“egy Formulation Grouq [ SIT Delivery Group J
Defence R&D Board | .

| ( A ,
Formulation—>| DTP — =Delivery
~ —
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DTS Drivers

Research

Goals
Solution
independent,
statement of
need
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R&D Objectives

Programmes to
address identified
technologies

S&T Challenges
and Emerging

Technologies
Technology push,
threats & opportunities

Capability Visions
Programmes to address
‘Left of arc’ Defence
Challenges

-

-

‘Roadmaps’
y Objective y Objective
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y Objective y Objective
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/! /!

Graphical and text
representation of the key
R&D steps needed to
deliver the programme




DTP Content (1)

 Research & Development Objectives (RDOSs)
are:

e Focused research activities to meet the
Identified needs of the MoD Unified Customer

e Currently approximately 80 in number
 Most RDOs meet several Research Goals
e Developed closely with Stakeholders

* Provide highly effective research coherence
across the programme
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DTP Content (2)

« S&T Challenges and Emerging Technologies
— Stimulate Innovation and Excitement

— Tackle The High-Risk-High-Return Future Defence
Challenges

— Encourage Defence Community to Accelerate the
Adoption of New and Emerging Technologies

— Leverage Civil Technology Investment
* Provide:
— Step Change in Current or Planned Capabillities

— Effectively Counter Future Threats

— Enable UK to be first to field New, Disruptive, Battle
Winning Capabilities
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DTP Content (3)

e Capabillity Visions
— Stimulate Innovation and Excitement

— Tackle The High-Risk-High-Return Future Defence
Challenges

— Encourage Suppliers to Seek New and Innovative
Applications for Existing Technologies

— Facilitate MOD Leverage of External Investment
* Provide:

— New, Disruptive, Battle Winning Capabilities For
The Future

— Radically Enhance Current or Planned Capabilities
— Effectively Counter Future Threats
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Example DTP Domain:

Sensors & C4ISTAR

Il Sensors & C4ISTAR R&D Objectives

[ 1 Interfaces to other domains
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Experimentation & OA

Emerging Technologies

Exploited
Information
from
Sources of
Like Type

All Source

Intelligence Analysis

Exploited
Information
from All
Sources
Delivering
Intelligence
to Inform
Command
Decision
Making

Shared Situational
Understanding

Shared
Situational
Awareness
Across the

Battlespace:

Different
Players in
Different
Locations

with Different

Roles
Working

Together to

the Same
Goals

Planning and

Decision Making

Integrated
Planning and
Dynamic
Management of
Synchronised
Effects Based
Operations
across all
Platforms,
Agencies and
Environments
in the
Battlespace
under the
Comprehensive
Approach

Information Operations

The Application of
Information and

Intelligence to Planning
and Decision Making
Across All Timescales and
All Environments of the
Joint Battlespace and the

Delivery of Information

Operations
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Block A

Theme 3
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&2  Roadmap Descriptors

Generic Roadmap

_— _—
Underlying activity detail

e Scope

e Desired Outcome

e Solution Options
 Proposed MOD Action

* Interms of known targets / constraints / issues

— Rather than detail description of delivery mechanism
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RDO: Sensor Electronic Materials

and Devices

Cost Effective, High
Performance Future

Radio Frequency Electro-Optical/
Materials Infra-Red Materials

Funded in this RDO

Shared with Other RDO ; :
Diamond MESEETs Holographic Optics Sensor & Comms
<~ Components
Ultra-Low Phase Coherent/Incoherent Devices

Beam Combination

Noise Oscillators

v N
Long Wave Negative
Robust Growth of Luminescence Materials Multi-Function IR FPAs
GaN & /
High Power RF Organic IR Detectors for Demonstration of GaN Power
g Very Large Arrays ;
Sources for DEW > Devices

/ High Efficiency Laser /

Materials & Pump Diodes . .
RF — P Sample-and-Hold Devices with
— — GHz Performance
CMT Growth on Silicon Circuits > <
> .
Improved CMT GelgiMode FPAs
: — x0 MEMS Technologies Bio-sonar
High Dielectric — O-EHoTTEL
Constant Materials .
Ultra-Compact Modulators ; Acoustic
EO/IR il hon-Piezo Materials
High Performance Ambient Transducers
g\’é’«\ Temperature Avalanche Photodiodes
- - = Single Crystal
White Light Lasers Piezoelectric
- i Transducers
High Power Broadband Laser
Devices Technologies for DEW Acoustics
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RDO: Radar Systems

Weapon Locating Radar

Pl

High Precision, Real Time

Surface Multi-Function
Radar Demonstrator

{V

Indirect Fire Geolocation > -
> Multiple Beamforming
>
> Adaptive Radar Management and
Waveforms

Mutual Interference Reduction

)

Integrated Radar, Comms &
EW Functionality

- d

Antenna Options

Cost Effective
Radar Systems
for Day/Night
All Weather
Engagement

Pl

Multi-Static Operation

/ Airborne Multi-

Function Radar

Demonstrator

Mode & Waveform Optimisation

Surface
Demonstrator

Airborne
Demonstrator

pr

Pl

Multi-Band Apertures

P

E-scan Array

Instantaneous Wideband

/

P

Air-to-Air & Air-to-

Ground Modes

r

Demonstrate Improved Warning
Times Against Stealthy Targets

Lightweight,
High Power
Active Array

-

/

Radar

Lightweight Array

science | innovation | technology



RDO: Electro-Optic/Infra-Red

Systems

High Performance
Thermal Imaging
Systems

Cost Effective
EO/IR Systems

Distributed, Conformal
EO/IR Sensing/

Airborne for Day/Night
/ Day/Night EO/IR Engagement
o Demonstrator
Distributed Sensors Higher Operating

Temperature Detector Surface

Conformal T : Day/Night
Apertures Affort_jgb_le, High Flight Trials, Data Analysis and EO/IR

4 Sensitivity Dual Performance Quantification Demonstrator
Conformal Band Array )

Discriminative imaging
(Spectral & Polarimetric)

~

Dual-Band Operation
for Target Detection

3rd Generation
Thermal Imaging
Capability in UK

Supplier Base

Pl

Field Trials, Data Analysis and
Performance Quantification

Pl

> -

Very High Performance,
Cost Effective Thermal

3rd Gen

prd

— Imaging Airborne Missile Warning
Systems
/ > 4

_ / Protection Against Dazzle, EOPM/

Airborne T i Damage & Retroreflection EOCM
Demonstration (S'scr'm'”at've maging -
pectral & Polarimetric) Multi-Function IR
/ Ground Countermeasures

Demonstration /
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Military
Opportunities

Technology push and
Military Need coupled to
produce “quick wins”.

Demonstration >

Autonomous »

Systems
Challenges

Systems Engineering and
Integration Skills

/

Systems Engineering

/

Systems
Engineering

Critical systems engineering
skills established and
harnessed

Optimum System
Design Solutions for
complex systems,
starting with
autonomous
systems

Emerging technologies
identified and matured to

TRL 41

Communications and Control "

rd

Propulsion, Power and Energy Management P‘

~

Mission Planning and
Decision Making

>

-

Algorithms and V‘
Architectures

-

Sensor Exploitation >

Sub-system
technologies
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S&T Challenge: Disruptive High Power

Technologies

High Power Optical High Power RF
Technologies Semiconductor
Technologies . :
J Disruptive
Power
Future High Power .
Laser Technologies High Power Diamond echnologies
> | Devices > |
High Power \O
Fibre Lasers GaN Step-Change (\0
> | Capability > |
Innovative Laser Devel_op &
Technologies . | Sustain UK
Knowledgebase

Dependable supply of
GaN Devices

RF Biological
Effects > |

e

Technology Watch and
Capability Maintenance » |

v
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Example DTP Domain:

Emerging Technologies

T | Technology
o Watch PORTFOLIO OF
NEW INDUSTRY/ACADEMIC
Pu) TECHNOLOGIES PROJECTS
N Technology
O Watch
< SUEREINE DEEPER INVESTIGATION
TECHNOLOGIE ’
SANOLOEISS DEMONSTRATION
& EXPERIMENTATION
_|
UNFAMILIAR
n (MATURE) TECHNOLOGIES
(O | Technology BRIEFINGS
> Watch WORKSHOPS &
Z SHORT STUDI
2 E INCREMENTAL ADVANCES
E IN FAMILIAR TECHNOLOGIES
@) | Technology
Watch
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Emerging Technology Themes

Strawman for Tranches

 The Technology Themes grouped into tranches, each consisting of 3 - 4 themes

— Tranche 1:
* Micro and nano technologies
* Emerging quantum technologies
» Advanced electronic and optical materials

— Tranche 2:
» Future computing
* Energy and power
» Data and information technologies

— Tranche 3:
e Autonomy
 Human focussed
» Advanced materials

— Tranche 4.
* High power technologies
* Bio inspired technologies
* Novel sensors and sensor systems

— Tranche 5
» Emerging systems technology
* Communications
» Emerging biological science
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Emerging Technologies: Quantum

Game
Changing
Sensors

/

Quantum Sensors » |

/

Quantum Based Diamond
Magnetic Gradiometer p |

Early exploitation of
guantum effects to provide a
step change in capability

/

Matter wave sensing:
Position sensing and
gravity gradiometry » |

Quantum
Cryptography p |

Clocks

> |

et

\0‘3«6 Miniature Quantum

Quantum
Information » |
Processing

Step-Change
communications
and information

processing
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Capabllity Visions

e Studies identified that we needed:

“to achieve fresh approaches to future capability
the MOD must
articulate our challenges and vision in a way
that leads to innovation”

o Capabillity Visions Mechanism Proposed
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Purpose of Capabllity Visions

e Stimulate Innovation and Excitement for Defence S&T Across
the Whole UK S&T Community

— Especially Industry including non-conventional suppliers

« Tackle The High-Risk-High-Return Future Defence Challenges
— Both Threats and Opportunities

 Encourage Suppliers to Seek New and Innovative Applications
for Existing Technologies

* Facilitate MOD Leverage of External Investment
— Guide Externally Funded Research Investment
— Promote Collaboration With All Levels of Partners

 Hence Provide:
— New, Disruptive, Battle Winning Capabilities For The Future
— Radically Enhance Current or Planned Capabilities
— Effectively Counter Future Threats
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CVs Categories

 “New Journeys”

— MOD faced with a major challenge that will seriously affect defence
business

— Reducing Dependency on Fossil Fuels

e “New Solutions”

— An opportunity or threat exists to employ ‘disruptive’ technologies
that offer real potential (or threat) and will challenge how we currently
operate.

— Exploiting Commercial Communication Developments
 “New Ideas”

— A completely new approach to some aspect of defence capability
— Beyond Armoured Fighting Vehicles.
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Current CV Topics

 Reducing the Load on the Dismounted Soldier
 Advanced Biometrics

 Reduced Dependency on Fossil Fuels

* Cyber Warfare Without Software

« Future Protected Venhicle

 Delivering Precise Effects at Distance

* Novel Air Capability

o Self-Sustaining Forces in Theatre
 Beyond Armoured Fight Vehicles

* Protecting Our Deployed Land Bases
 Cyber Forensics

« Exploitation of Commercial Communications
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Capability Vision

Reduced Dependency on Fossil Fuels
for Future Defence Operations

To establish the options for Future Energy supply for future defence forces and operations
by investigating the impact and opportunities for exploitation of alternative energy sources

and technologies as they develop in the civil market.

Innovation across all Defence Lines of Development will be necessary to achieve the overall
objective.




Capabillity Vision:

Reducing Dependence on Fossil Fuels

Cross DLoD

Impact on Novel additives Secure sustainable
logistics energy supply for
future defence
Modelling flj‘ Methane e operations
usage hydrates L harvesting
Burning H,
> Hydrogen
) _-

modelling
7

Understanding fuel
/ energy usage

Synthetic fuels

<~

Impact on
conventional
engines

Direct thermal
energy conversion

Bio-fuels
z
Fuel cells
<
Wind

Exploiting non-
fossil fuels

Exploiting alternative
energy technologies

High dependency
on fossil fuels

Novel system
concepts
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Simulation
only training

e

Self-
sufficiency in
theatre Hybrid
systems

Efficient platform
design

-

Novel nuclear
concepts

Energy / power
management

Alternatives to fossil
fuel based polymers

Efficient systems
design

v

Critical materials
supply

Click on Grey Box
For Detail




Capability Vision

Novel Air Capability

Provide a more cost-effective means of achieving the effects currently conceived as provided
by manned aircraft by using new concepts in UAV/UCAV.

The specific effects under consideration are precision ground attack, air superiority over
remote hostile territory and projection/support.




Capability Vision

Novel Air Capabillity

Extant

Sense

Multi-Static
Engagement

De-habited

Sensing Mediums Invulnerable
Enduring Platform

Sensing Structure

Individual

Operating Paradigms

”~

Future
UAS

Current Air
Capability

Effectors
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Organic

Novel

Communis

ConEmps

-~

Hit-ile

Advanced Control

Passive Defence

Mechanisms

Air capability with
lower dependency
on manned platform
and deployed bases
(inc carriers)

Combustion

Explosive

Release and

Environmental (Solar,
wind, gravity)

Forget

Active Defence Electrical

Control and Power/Propulsion

Employment Survive

Click on Grey Box
For Detail




DTP on the Web

DTP is web-based and made available .
in three stages: e gt imiey

Defence Technology Plan

Introduction
R&D Objectives R&D Objectives
. D f . . R L I Capability Yisions High-level statements of the planned programme to address one o more
ra t OVe rn I I le nt Ve rS I O n VI a Emerging Technologies Research Goals. Developed to express the entire research programme
and provide guidance to direct the detailed implementation planning and

research contracting. All R&D objectives expressed in the same terms to
FAQs enable transparent comparison and balance of the plan

DeC e m b e r 2007 How to/erTiivetved These descriptors include ;

Acronym Buster

Strategic Bol

Search Database Defence Benefit
Capability Target
Research Categary
Stakeholders

Budgetary Costs

A p r I I 2008 All R&D ohjectives will be supported by high-level roadmaps’ that will

depict the main R&D activities required to deliver the high level objective

» Defence Industry version via RLI

Each activity is described in terms of ;

e Public version via Internet Cocaon
Late 2008

L]

= Timescales

= Significant Milestones

= Exploitation Path
On the high level 'roadmap’ each activity will hyperlinked to a description
of this detail (where available).

To view the R&D Objectives, hit the Search Button below.
Either Search ‘ALL" or alternatively narrow your search by
selecting the relevant search criteria from the drop down menus

helow, then hit search.

Please note, that due to different MoD IT infrastructures some users
may experience delays {this is being addressed)

i .
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http://upload.wikimedia.org/wikipedia/commons/8/8d/GPS_Satellite_NASA_art-iif.jpg
http://www.airforce-technology.com/projects/tanaris/index.html

Centre for Defence Enterprise

“First Point of Contact for all new ideas”

. . SMEs _
Universities Primes

DE&S/Industry
Weapons |
Air G Centre for Reglon_al
S Defence O Innovation
Hand N Enterprise O Centres
Maritime a — and OGDs
C4ISTAR &
CTC and Warfare
Equipment Operations Centres
Programme & Training
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Enterprise Centre

e Single point gateway for new ideas from universities,
SMEs, primes and non-defence industry.

« Fund proof-of-concept, seed-corn and incubation

e Funding up to £2M over 6 months evaluation period.
Looking for joint funding with VCs and B-Angels

e Pull-through to incubation demonstration, equipment,
support and OGDs/agencies E-submission and
assessment process. Decisions/feedback 15 days after
monthly cut-off.

 Workshops — 4th Thursday every month to engage
universities/SMEs with operations, visions and DTOs
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