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* Enables Army Science & Technology (S&T) to identify game-changing technology
that could impact Army capabilities in the far future(2035-2040), executed in the
Office of the Deputy Assistant Secretary of the Army for Research and Technology
(ODASA R&T).

* Ensure comprehensive technology reconnaissance by crowdsourcing technology
concepts from underutilized non-DoD traditional organizations and entities.
Mitigate cognitive bias within the Army/Army S&T. Leverage creative abilities from
a diverse audience

» Analyze crowdsourced capabilities to inform Army S&T Program Objective
Memorandum (POM) and create a “here to there” narrative illustrating basic S&T
investments now for Army capabilities in 2035-2040
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Technology Wargaming Overview 1 &)

Crowdsource future Capabi"tieS from the Afmy “...The elite amateurs were on average about 30% more accurate
S&T enterprise’ academia’ and non-traditional | than the experts with access to classified information...the full pool

: of amateurs also outperformed the experts. The most careful,
DOD thlnkers curious, open-minded, persistent and self-critical...did the best.”?
— Mitigates risk of cognitive bias’s within the Department of Crowdsourcing SME-Informed
the Army by leveraging the creativity and insight of non- o )
traditional DoD individuals and organizations ——U——" _ Bibliometric Search
— Executed through in-person and online ideation exercises m _:I Research Orgs — Betweenness
Analyze potential technologies using e

bibliographic-based data
analytics(universities, personnel, countries

Top & Reasarch Organisations by 1 of

.......

performing the research) B i o e
|- o N = ==
Through SME review create a functional B 8-~ =

decomposition of a potential capability _ .
S&T Trends Report Deep Dive Analysis

Assign probabilities and perform Monte Carlo
Simulation to create a here-to-there narrative
for how basic science advances will produce
an Army capability through a Technology E
Sequence Analysis (TSA) '

erging
Trends: 2015-2045

Provide broad future S&T context in Annual
Trends Report

1Zwel J. (2015, September 25). The Trick to Making Better Forecasts. Retrieved November 20, 2015, from http://www.wsj.com/articles/the-trick-to-making-better-
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Execution

Broad meta-analysis Web-based SME ideation
of S&T trends crowdsourcing events exercises
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Emerging Science and Technology
Trends: 2015-2045

A Synthesis of Leading Forecasts
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Trends Report &/

e Background

—Integrates 14 S&T Forecasts by government agencies in
the US and UK, industry leaders, international institutions,
and think tanks

— Covered trends over the 2015-2045 time frame

» Key Takeaways

— Data revealed 20 common emerging S&T trends and 3
cross-cutting non-S&T Trends

e 14 “core” S&T trends with potential for significant impact for Army
operations

e 6 additional trends with potential for moderate impact for Army
operations

3 non trends: tensions over privacy, impacts of climate change,
rise of China as technological rival
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S&T Themes {&F

o Autonomous Systems  Food and Water Technology
e 3D and 4D Printing e Quantum Computing
e Analytics e Social Technologies

Human Augmentation Directed Energy

 Mobile and Cloud Computing ¢ Education

* Future Medicine * Materials

e Cyber e Synthetic Biology

* Energy * Interface

 Changing Nature of Work e Transportation and Logistics

 Internet of Things
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Example Card

Food and Water Technology

Over the next 30 years, access to food and water will become a crucial driver of global tension
and technological innovation. Population growth and climate change are putting pressure on
food production and fresh water supplies. Drought is already affecting access to drinking and
irrigation water in many parts of the world, causing ripple effects across many unstable regions.
Roughly 25% of current farmland is already degraded from overfarming, drought, and air/water
pollution. Under optimistic forecasts, prices for staple grains could rise by 30% over the coming

369 Concurrence
A9 Share

decades. Food and water, long taken for granted in the developed world, will become a major
priority for innovation, and could become a major flashpoint for conflict.

ENABLING S&T

Transgenic Crops

splicing genes from one plant species into the DNA
of another species can provide crops with new traits
such as drought tolerance, the ability to fix nitrogen
from the alr, and pest/disease resistance.

Precision Agriculture

Technologies like robotic automation and micro-
irrigation, which improves water delivery to crops
by 32-95% will make farming more resource
efficient and productive,

Water Technology

In addition to improved desalination technology,
development is underway on filtration systems that
can produce potable water from greywater sources.

Alternative Food Sources

Closed-system hydroponics, vertical urban farms,
and other new technologies are enabling crops to
be grown without access to arable land.

tel

Without mitigation, by 2045 or sooner, around 3.9 billion people —
over 40% of the world's population - are likely to be experiencing
water stress.

UK Ministry of Defense (MoD2013)

SIGNALS

"BoniRob" is a lightweight agricultural robot being
' developed by German firm Amazone. BoniRob is
© @ capable of working in swarms to complete common
farming tasks such as weeding and fertilizer application.

Scientists at Kansas State University are working on a
& heat-tolerant strain of wheat that could increase yields in
hot regions by up to 35%

_________ AUK-based team of engineers has developed a low-
- cost, portable desalination technology powered by
\ renewable energy. The Desolanator used solar energy
u to desalinate up to 15 liters of water per day. Each unit
" costs around $450 and is designed to operate for up to
20 years.

& Today, the world's poor get by on 5-10 liters of water
perday, while members of the global middle and upper
class use 50-150 liters daily.

In the future, geopolitical tensions over access to strategic water
resources could become more systemically impactful, and water
shortage coupled with poverty and societal instability could weaken
intra-state cohesion.

World Economic Forum (WEF)

IMPACT
Social
Food and water are essential to human life, and
disruptions to these vital resources could prompt
erosions of trust in civil govemments, rioting, and
hoarding.

Political

Resource management is likely to become an
important focus for domestic and international
politics.

Economic
Food and water shortages could worsen economic
instability and exacerbate class divisions.

Environmental

Genetically modified organisms (GMOs) have the
potential to boost agricultural yields. However, the
environmental impact of GMOs is uncertain.

Defense

Food and water crises represent dangerous
flashpoints for conflict. Some of the world's poorest
regions are the most vulnerable to food and water
shortages. Food and water infrastructure could
become a critical target for future adversaries.

Transgenic technologies—which enable the transfer of genes
from one plant species to another to produce a plant with new
or improved traits—hold the most promise for achieving food
security in the next 15-20 years.

National Intelligence Council (GT2030)
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Online Ideation Exercises &/

« Crowdsource future capabilities from the Army S&T enterprise, academia,
and non-traditional DoD communities

— Mitigates risk of cognitive bias’s within the Department of the Army by
leveraging the creativity and insight of non-traditional DoD individuals and
organizations

— Executed through in-person and online ideation exercises

ENGINEERED AND MODIFIED GUT BIOTR

WELCOME TO 'II'IIE. o UN ASSISTING FLOOD- IIIWIlGEIJ SETUBA

ENPLORE THE IMAGINARIUM
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Workshop

Imaginarium

Battlespace
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Imaginarium /_\ :

Purpose

EXPLORE THE IMAGINARIUM

—Place to offer quick ideas about future
trends, technologies or capabilities

—Minimum of title and short description;
Images, links, or video encouraged

—Meant to be light, quick, and easy to read
(e.g., Pinterest)

Results

— 43 Sparks submitted and covered a wide
variety of topics

— 83 comments submitted on those 43
sparks
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Battlespace §&

Purpose

—Lists scenario-based news stories in
stgle of an online news outlet (e.g., % -

—Three fictional but realistic scenarios:
» Narcowarfare in South America
 Ground war in Asia
* Environmental disaster in Africa

—Players apply workshop ideas against __ TAEBONG'S USE OF PHASED MISINFORMATION CAMPAIGH
the scenario . GONFUSES AND DESTABILIZES POLITICAL WILL

IPOSTED N RESPONSE TO: DAY 3 OF TAEEONS INVASION OF SILLA

WELCOME TO THE BATTLESPACE

SCENARIOS

_Pla ers fl” |n What they See aS dlﬂlCUlt 15 THIS AN IMPORTANT CHALLENGE WE FACE IN THIS SCENARIO? IF S0, ADD YOUR SUPPORT!
challenges. Updates can be tagged as am—
“Important”

Res u ItS ety fncscnof o sz " QELATED GHALLENGES

— 28 total challenges Sl £t

— Top rated challenge “...Use of Phased
Misinformation Campaihn Confuses
and Destabilizes Political Will”
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Purpose

—Intended focus area for participants to
debate/vet/discuss potential Army
capabilities

—Ratings used to get quick numerical sense

ENGINEERED AND MODIFIED GUT BIOTA

OVERALL RATING

of participants Comments in free form or mEe
based on Application/Viability/Unintended (- T~
Consequences

—ldeas promoted from sparks or submitted S ——
direct to WOkahOp - gmeaen T

Results -

— 31 ideas and 28 Workshop Challenge -

Questions answered ES :

)] GN =+ D QOF = D « DOh TRARIRITRIMIAIZ R ICEAMIAIZ EFOReE 1Al TEFALIMINE v |
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Technology Wargaming Ex4 Infographic

EX3 Infograph sent to participants

TOTAL
(OMMENTS

COMMENTS UPVOTED

IMAGINARIUM

CONVERSION RATE 43 SPARKS 2777777+ 3D PRlNTED B

86 accounts 83 (OMMENTS 77777 555%5 i

FEFSFFFFSF

40 active players

Most well-rounded: SIipherg 280ta| (hallenges ZSOmments across all challenges

* Led Spark creation - 8 sparks BATTI_ESPACE

* Led Challenge creation - 3 Challenges
* Submitted 5 Ideas e
» Submitted 6 Comments G %m:lmrﬁs-.!or e I'rl\nglaﬂnosgﬂ?ﬂfﬁﬁ\lf!nllamatmn Campaign Confuses and

Destal litical Wil user “slipherg™

€03 5 Challenges for San Madora Cartel War
Top Rated s votes: “Out of Desperation, §

n, San Hadoran Government Unilaterally Legalizes

N

Top Idea creator: 14968
* 1 1deas

Top Commenter: Paumanok
* 25 Comments

Drug 1,20

€03 1 Challenges for Setuba Flood
T with 8 votes: “Expe heir Intent fo Stabil on, Chinese Forces lake
0 ent Buildings and Strategically Important Mining 8

&311deas---\WORKSHOP

A17 Comments

J:pen by 20402
11 answers for “What Are Some Unintended (unset;uentes?"
Tl answers for “What Would Be Some Applicationse”
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EX3 Concept Art from crowdsourced ideas $&/

EX3 Concept Art from crowdsourced ideas

SC'TECH % CONCEPT ART USClnstitute for
Il RPN ©015 EXERCISE 3 AN Creative Technologe
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SME Driven Ideation $&

5
-

* Play by email ideation using engineers and scientists from the
Army’s research and development community

« Each SME provided 5 S&T trends and 5 socio-political trends
and asked to generate a new idea for a technology combing
two or more trends

 Intended to induce new ideas using constrained inputs to
think beyond cognitive biases and produce creative ideas
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Medical Nanites TSA System

AC external field
Miniature Semiconductor diodes

@ Propuision - Mofility
~

Micro Bullets  ———
Magnetic Steering € uitrasound Locomotion
Metallic Nanowires

Polyanaine/zn © Acia Powereg Miroengines

@ Guidance & Control

goljimes) —— Nanoshutleicamen) —— _
Molecular Switches QW@ Delivery Venicle

Biorecognition elemenis | ———— Polymers for Diug Delivery

Synthetic DNA ———
L —————
implantable Microchips — —— @ sensors
s

Data transmission system

@® Payicad
Influenza vaccine
Synthetic DNA @ Drug Delivery
e
Biocompatible Materials
Magnetic Materials
Non-Ferrous Elements

iRNA
Ceramic @ wmaterials
Poymerc Micelles ————————————

Liposomes
PRINT
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Medical Nanites TSA Timeline View
e Most Likely Path - 2038
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Nanite TSA Research Data if

Name Position Affiliation Background
Dr. Mark Davis Prof. Chemical Engineering Cal. Tech Nanopart!cl_e Rt
nanomedicines
Dr. Andrew Ellington Prof. Biochemistry Univ. of Texas Molecular Biosciences; DNA research
. : Electrochemical nucleic acids;
Dr. Shana Kelley Prof. Chemistry Univ. of Toronto ) o . g : :
Microchips; Ex vivo clinical diagnostics
Dr. Yamuna Krishnan Prof. Chemistry Univ. of Chicago et [.)NA YRR g
nanomachines
Remote microsurgery; nanorobotics;
Dr. Sylvain Martel Assoc. Prof. Computer Engineering Montreal Polytechnique |drug delivery to combat cancer
Dr. Ayusman Sen Prof., Chemistry Penn St. Univ. plano gnd Mgy umps andinotors;
Chemical catalysts as motors
Dr. Alexander Stengh Asst. Prof. Neurology Northwestern Univ. SRk '”"es“_@‘?"“”g nopeleIain
cancer treatments; iRNA research
Dr. Bill Tang Biomedical Engineering Dept. Univ. California, Irvine Remote in vivo digdigglEgginicro-

implantable devices

Prof. Chemical and Biomolecular Innovative colloidal materials;
Dr. Orlin Velev ’ North Carolina State Univ. |[Nanostructures wth electrical and

Engineering photonic functionality
Fabrication of functional
Dr. Szu Wang Prof. Materials Univ. California, Irvine nanostructures; development of novel

polymers

Materials science - polymers and
nanotechnology

Prof. Chemical Engeineering and
Material Science

» Preliminary Publication/Patent Research:

Dr. Albert Yee Univ. California, Irvine

»  Search term: ((nanite* OR nanorobot* or nano*) AND medic*)

» 16162 publications, 36 patents
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Nanite TSA Data Visuals ;

Patents Over Time

Top Research Countries By # of

Publications
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Nanite TSA Data Visuals

Top 5 Funding Agencies by # of Top 5 Assignees by # of
Publications Patents
NSFC (China) Medtronic Navigation
il Osterhout Group
NATIONAL INSTITUTES OF HEALTH
i Valiant Rock
NATIONAL SCIENCE FOUNDATION Donald Danforth Plant Science. .
EU/EUROPEAN COMMISSION Microsoft Technology Licensing | . | | |
NATIONAL BASIC RESEARCH | 0 2 e & 10 2
PROGRAM OF CHINA

(0] 1000 1200

Top 5 Research Organizations by # of Top 5 Inventors by # of

Publicat; Patents
ublications Ralph Osterhout
O O | Mok Frr
SYSTEM
T Laurent Verard
CHINESE ACADEMY OF SCIENCES B @200
| John Border
HERCHY: SCIENTIFIQUE Ci | Bradley Jascob
RECHERCHE SCIENTIFIQUE CNRS ey Jasco
| 0 5 10 15
HARVARD UNIVERSITY 00
UNIVERSITY OF LONDON H
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Crowdsourcing/ldeation Platform ¥

Purpose: Provide an intuitive platform for engagement of “non-
traditional” technical, tactical, and creative communities not normally

involved in the Army S&T planning process

2014 - MMOWGLI

DESIGN « DEVELOP « DELIVER « DOMINATE
SOLONERS AS THE DECISIVE EDGE

2015v1.0 — Blog Style

Browse the magineruis collection of
sparks ot a0 your s repratiret veteos
arcies ] =

o

IMAGINARIUM

ma

i images and more

LATEST IDEAS

'WORKSHOP
- E

'
2015v2.0 — Ideo Style
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Link to Background Video

https://vimeo.com/126458402

Link to site

http://futures.armyscitech.com
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