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Nato Land Ops Key Technologies

1. Electrical Technologies 4. Commur P T
Electrical Batteries Communications Design - RF
Electrical Power Cells Encryption
Conversion of Solar Energy to Electricity High-Sensitivity Reception Technologies
High Energy Physics Techniques (including plasmas) Wide Bandwidth Networks

Transmissions/Poweilrains
5. Electronic/information Warfare Technologies

2. Sensor, Di d Energy and C: ications Related T RF SensorsfAntennas - Active Radar
Lasers (all types) Very High Power Elsctronic Components IW Defence Technigques
Power Sources (RF, micro and mm wave)
DEW Lasers 6. Electronic Devices
RF Sensors/Antennas - Active Radar IR Sensors (EO Systems)
Very High Power Electronic Compoenents Explosive Detection Systems
Electromagnetic Compatibility Simulation and Protection Explosives Detection Techniques (incl. bulk & trace)
Integrated Systems Design (incl. EMC) Chemical & Biological Detection (GB Agents & Toxic Chemicals)

" " Rapid Microbiological Detection Methods
3. Computing Technologies

Software Engineering

Protocols (incl. LANs & WANS)

Architectures

High Integrity Computing (incl. Safety Critical Software)

7. Biotechnology
Medical Materials Including Blood Products & Biomimetics

CB Countermeasures - Medical

Secure Computing Techniques (Incl. MLS) Vaccines from Genelic Engineering
CIS Design
Software Programs for Complete Material, Modelling and th 8. al ials Technologi
Implementation Processes Non-Destructive Evaluation & Life Prediction
Database Dasign IR Absorbing Materials
Digital Signal Processing Techniques Radar Absorbing Materials
Optical Signal Processing Techniques Smart/Functional Materials (Sensors/Actuators/Biomimetics)
Image/Pattern Processing Techniques Platform Protection Measures - Armour.
IKBS/Al/Expert Techniques

Aerodynamic Designs

Structural Designs

Stealth Designs 1
Manufacturing Processes/Design Tools/Techniques

Data Fusion Techniques
Simulators, Trainers & Synthetic Environments
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Nato Land Ops Key Technologies

9. Human Factors and Man-Machine Interface
Knowledge Management
Cognitive Performance
Decision Making
Human Behaviour
Human Performance
Social and Cultural Issues
Psychological lssues
Human Computer Interfaces/Man Machine Interfaces

10. Precision Attack Technologit
Low-Cost Inertial Components, Low-Cost GPS with Protection Against
Jamming
Warheads (all types) including Insensitive Munitions
Navigation Systems
Weapon Guidanca & Control (for Sea, Land, Air)
Dynamic Management Control of Traffic Flow
Brilliant Munitions

11. Automation and Robotics
Automation & Robotics

Intelligence Automated Systems
Unmanned Aerial Vehicles Control

12. Examples of systems which use 2/3 technologies from the Critical
Technology List

Health Monitoring Systems (incl. HUMS)

IFF/NCTR/NIS

UAVs, Unattended Weapons
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Soldier System 2020 Mindmap

= 2004

= The following needs were identified:

= Determine technology developments that could
influence the design of soldier systems out to 2020.

= Describe technologies.

= Reference source knowledge.

= Determine technology readiness milestone dates.
= Method:

= Literature review (NATO, TTCP, DARPA....)

= Subject Matter Experts
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It’s quite big!
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Current Mindmap Challenges

Needed industry involvement.
Difficult to keep current.
Limited accessibility.

Lacks accurate technology readiness
dates.

Hence, the new Soldier Systems TRM project and
the ICee software.
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What is the maturity level of your technology?

Bench model
First Article Demo Idea  Construct
Component First Article  pjjot
Breadboard Model
Lay-up
Build Prototype

Functional

Mock- .
up Qualified
Conceptual
Exemplar System - P
Strawman Beta Operational Mould

Working . Research Sample
Prototype ARl Sub-system

. . Blue Sky
Figuration  Proof Pre-production
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If no common scale....

= Different industries
= Different perspectives
= Different terminology
= Different processes

= Different concept of
maturity

= Different cultures
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Many Maturity Measurement Methods

Technology Readiness Levels (TRL)

Integration Maturity Levels (IML)

System Readiness Levels (SRL)

Design Maturity Levels (DML)

Manufacturing Readiness Levels (MRL)

15
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DND Solution

A common measurement system.

A system that reflects readiness in:

= Technology readiness

= |ntegration maturity

= Design maturity

= System maturity

= Manufacturability
A system that reflects the state of maturity on
several relevant dimensions at each level.

A Technology Maturity scale that:
= Uses the TRL scale as a baseline
= Adds criteria of Programmatics and Manufacturability
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e o
| “\' TRLS: Actual Technology system gualified
] Technology, System Test, through successful mission operations
I \ Qualification and
& \_‘.J Operation N TRLS: Actual Technology system comgleted and
- qualified through test and demonstration.
Technol
B pd TRL7: Technolegy systems prototype demonstration
- System/Sbsystem in an operational environment,
‘Jr-' Development ! perati
’Dﬁ\j TRL&: Technolegy system‘subsystem model or
SR L prototype demionsiration in a relevant
G U Technology = enwmynmenl
Demonstratian
%‘j TRLS: Technology component and/or basic
ﬁ_ . technology subsystem validation in a
DK-J Technology R4 relevant envirenment )
Development — : Technelogy component andfor basic
{ (1] technology subsystem validation in a
il % labaratary enviranment
//.,H?’P- Research to prove TRL3: Analytical and experimental critical function
d ‘ET Feasisility andlor characteristic proof-of-concept.
.ﬁ . TRL2: Technology concept andior application
- formulated.
o o Basic Technology
‘1"“3 Research TRL1: Basic principles observed and reported.
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How mature is this item?

Technology, System Test,
Qualification and
Operation

Technology
System/Subsystem —
Development

Technology
Demanstration

Technology
Development

Research to prove |
Feasibility

Basic Technology
Research

TRLS:

TRLS:

TRLT:

TRLE:

TRLS:

TRL4:

TRL3:

TRLZ2:

TRL1:

Actual Technology system qualified
through suceessful mission operations.

Actual Technology system completed and
qgualified through test and demonstration.

Technology systems prototype demonstration
in an operational environment.

Technology system/subsystem model or
prototype demionstration in a relevant
enviranment

Technolegy component andfor basic
technology subsystem validation in a
relevant envirenment,

Technology component andfor basic
technology subsystem validation in a
labaratary enviranment

Analytical and experimental entical function
andior characteristic proof-of-concept.

gy concept andior
formulated

Basic principles observed and repored.
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TRLY: Actual Technology system qualified
Technology, System Test, through successful mission operations.
Qualification and
Operation W TRLS: Actual Technology system completed and
qualified through test and demenstration.
Technology )
System/Subsystem — TRLT: Technology systems prototype demonstration
Development in an eperational environment,
TRLS6: Technology system/subsystem model or
demionstration in a relevant
Technology prototype
Demonstration emvironment X
TRLS: Technolegy component andfor basic
technology subsystem validation in a
Technology relevant environment,

o’ Development — TRLA: Technology component andfor basic
technology subsystem validation in a
labaratary environment

\ Research 1o prove | TRL3: Analytical and experimental critical function

Feasibility andlor characteristic proof-of-concapt.
TRL2: Technol concept andfor
farmulated
Basic Technology
Research TRL4: Basic principles observed and reported.
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Other Scales

Design Maturity

Design is advanced enough to support Initial Gate

i and 1 Appraisal
v 5, ¢.g Draft URD, Outline SRD, Schems . )
Concepl 2 ings, Cutline Concepts, Product Architesture, Manufacturin g Readiness
3 |Initial Cost estimates
MR Cefisen Desarigsen Asaston Frase
Identify key design risks.
- - i iew | 12 Herer: " sniacormery | Ere Canoesn
g |Complete System Requirements Review
Raview.
4| Srabees compermn en T Ttk ®
Assessment | 5 |Complete Preliminary Design Review. wseiaton i by bnawt TRL &, Acthi, e Fre s v have beert vabdted arc fare avw large =it
L i i —— R - e [ri——ry
Complete Critical Design Review for O iatpdnth, ractingg SuriceaiEuam & dacon,
] . g s scry e gt s e et huve been deroms el n s
Systems (e.g. Long Lead Tine Itans). ADCNEY ETADATET SrOSunbiTy ATMSAMENS v N1 N rLated.
Complate Critical Design Review (all S
Complete Critical Design Review (Syste | & | 2yme sompsnamarnen Teshrmiepes raes have ratred o st TAL B, A s pot alrequremeres v net. | Tesnnaiogy
Diesign Complete). aten "“'E”‘ bt "":"""‘“
wewrcrrrans. Ergi g

st rad bt MonamE
Demo Build and Test Pre-production model oM Shalprat dacon,
8
Functional Confimmtion Andit,
Production Readiness Review (Design F [ ¢ [ Syster somponem or memin g e Eromeye BMOMTaNon ERaLE MEQUIETENS Nt VHINT 30 DHANET Symem
Aspects), P § g e Sz s st e Dwopcpraet &
I 3 brwac b s beand ot arw oty ly el Tochrckogon s S s 2 eat TR Dwmmrvastan
Y o= i L aevecoment i n Sedrprcessesand | (S00)easegn
Manufacture | 9 | Physical Configuration Audit. p 4. e Bt BaeErates iy celawart arwetrvrand, A P pore ek sie lhay | Clnge Hasdesas

e et v b s e ol Iengowcton sl et st shocd | R O,
ow st st Pristste iy 7 s e skl b b
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Other Scales

Integration Readiness

1AL | Detiniion [3]

T | The mdegrabon of technologees has been verified and validated with sufhoent
cetad 1o be acl e

G | The integrating technologies can accepd, translate, and structure information
for s idonched appheaton

& | Then s saiffoent control betwven technciogies necessany o establsh,
marage, and terminate the mbegiabion.

4 | Thon = suffonnt dotad = the guality and assurance of the slegrabon bebaeon

3 | There ia companibility ii.e. commen languags) between wschnolegies to ordery

and offcuntly mdograts and aivact
Fl ool of spocshoaty 1o characonze the inferction (1o sy 1o
o o hnologees thiough ther mlerfacs

1 | An interface {16, physcal conmechon) bebaern lechrologes: has been idontted
with sufficient detal to slew charscierization of the relationship.

System Readiness

SRL Levels
1 2 3 4 5 6 T 8 9
Eizpresentative
Mature. 5 fevabssons oy | | | MRi2upe syster
Lushitestural B | SubSystems are demonstiated (3 .
i Oomanizaits | alamentz 2o thl y v systemin s final
[A00) with Dlsfined Lequired yhen <uh systeme can Inteqrated and demonstratedin 3
defined integration) subjectedto - operating)in high Iepiezentative. P
acceptance | ableandbions | | | gpernona (Lt such
ey ul B u] enuiJmen mmﬁm ] o 21




Cross System Readiness/Maturity Levels

22

Medium TML

Level Description
e T-Technical Readiness, P — Programmatics, M — Manufacturing Readiness

- Component & [ or “Breadboard™ Validation in Laboratory/Field Environment - Basic
technology components are ini ted. This is relatively “low fidelity” compared to the eventual
system. Examples of R&D results include integration and testing of “ad hoce™ hardware in a
laboratory/field setting. Often the last stage for R&D (funded) activity.

e il

P — Interfaces partially demonstrated - system/sub-system level in a high fidelity synthetic
environment

- Critical design review completed for critical sub-systems

- Preliminary Safety/Environmental assessments complete

- Supportability work breakdown structure completed

- Sub-system R&M case developed for sub-systems.

- Initial Human Machine Interface design completed

- Key Sub-System schematics completed.

- All Sub-System Specifications defined

- Engineering and operational communities negotiated a formal commitment to use the results
of the research.

M = Laboratory Manufacturing Process demonstrated
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DND TML Reference

[ L e

DEFENCE \7 ’DEFENSE

A Technology Maturity Measurement System

for the Department of National Defence
The TML System

Brent Hobson
Naval Engineering Test Establishment

Naval Engineering Test Establishment
Peacock Inc. Marine Engineering

401 Wanklvn St.

LaSalle, Quebec HER 122

Established Area with Tools

TRL Definitions
AFRL Hardware Comments
AFRL Software Comments

Army TRL Definitions

Comment on Army TRLs GAO Report |

o e R

Catgry | % Complete R e 0 e er fo 0 ete
00 "Back of envelope” environment
Physical laws and assumptions used in new technologies defined
Have some concept in mind that may be realizable in software
Know what software needs to do in general terms
Paper studies confirm basic principles
00 Mathematical formulations of concepts that might be realizable in software
Have an idea that captures the basic principles of a possible algorithm
Initial scientific observations reported in journals/conference proceedings/technical reports
Basic scientific principles observed
Know who cares about technology, e.g., sponsor, money source
Research hypothesis formulated
Know who will perform research and where it will be done

=]
S
5

o | |w|w [ (0 |o|o|o|v|o (o
o[-l || |= ===~ |~




e a—m—— —— L e i e
ICee — TRL & SML

System Maturity Level

Lewvel Currant Year + 5 years + 10 years
Technology readnass level (1-9) 6 ~* |9 v |9 ~
Design maturity level (1-9) Select ... * | Selact ... ¥ | Select ... i
Integration readiness level (1-7) Select ... * |Select .. » |Select.. -
Manufacturing readiness level (1-10) Select ... | |Select ... ¥ | Select ... b
System readiness lavel (1-3) Select ... » | Select ... » | Select ... »*
Estimated system maturity level (1-9) Select ... ¥ |Select ... » | Select... hd
System maturity level L] 9 9
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Questions?

Qo] Sopomment Sowememont Canada




