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The Fifth Industrial Revolution

Mechanical (1760-1870).  Steam power changes social economics of 

production; industrial revolution defined by Arnold Toynbee

Electrical (1870-1914).  Steel, electricity, petroleum replaced iron, candles, 

steam engines; providing factory automation, mass employment

Digital (1969).  Microprocessors and the home computer revolutionize the 
workplace; internet led to e-commerce and cloud computing

Virtual (2010).  Personal electronics connect 

technology to humans; cyber-physical

Neural/Personalized.  Artificial intelligence 

and robotics change how we work; 
greater productivity and leisure time



Source:  Gizmodo, 14 Nov 2012BLUF:    

If you do not change direction, 
you may end up where you are heading

Lao Tzu (604 BC - 531 BC)



“Convergence Revolution” in Biomedicine

Robert Langer

MIT

2009 MIT White Paper

• Research driven by a 

specific and compelling 

problem 

• Deep integration across 

disciplines    



How do we recognize useful new technology?

7T MRI       High res PET     Fusion image

Early magnetic resonance images were fuzzy 

Michael Weiner
UCSF
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Thomas Balkin
WRAIR



Human-on-a-chip
test metabolic responses with 
personalized cell lines

Bhatia & Ingber, Microfluidic organs-on-chips. 

Nature Biotechnol 2014;32:760

Don Ingber

Wyss Institute



Potter et al. J Therm Biol 2017;64:78-85 

AI Predictive Models:  Heat Strain Decision Aid (HSDA)



Internet of Things



Artificial Intelligence (AI) can draw on massive amounts of data 

to rapidly expand our understanding of important relationships



Disease

Predisposition
markers

Onset of
disease/effect

Early biomarkers
of disease/effect

Late biomarkers
of disease/effect

Prognostic
markers

Diagnostic
markers

Changes in pathway dynamics

to maintain homeostasis

Conceptual model of continuous monitoring and behavioural 

adjustment to optimize individual health and performance

Pharma   

Nutrition
Healthy

Source:  Jan van der Greef



Monitoring behavior by accelerometry:  with life there is motion 

International Society for the 

Measurement of Physical Behavior 

(ISMPB)

Bjoern Eskofier

FAU/Erlangen 



Smart shoe concepts

IEEE Body Sensor Networks 2017



In the first 15 years of the Army 

Weight Control Program average 

male soldier body weight 

increased by 10 lbs; waist 

circumference of young male 

soldiers increased by 2” 

Advances in medicine and nutrition 

have produced a 30 pound gain in FFM

Effects of Technology 



John R. Murlin, AIN Founder

Food wastage 

during a time of 

austerity with 

rations providing 

>5000 kcal/d

Key finding:

TDEE= 4,000 kcal/d 

for healthy young 

men in training



TDEE (MJ/d) TDEE/kg (MJ/kg/d)

Activity Women Men Women Men

Norwegian Ranger 

cadet training

21.9 (2.0) 

n=6

26.6 (2.0)  

n=10

0.34 0.35 

US Marine recruit 

crucible exercise 

19.8 (0.6) 

n=20

25.7 (0.8) 

n=29

0.34 0.35 

Smoke jumpers 14.8 (3.0) 

n=9

20.3 (3.0) 

n=7

0.23 0.28

US Marine recruit 

training

9.9 (1.6) 

n=20

16.9 (4.0) 

n=10

0.17 0.23** 

US Army mass 

casualty training 

12.1 (1.0) 

n=10

16.4 (3.7) 

n=6

0.20 0.19 

U S Navy sailors   

at sea

11.6 (1.8) 

n=16

14.4 (3.6) 

n=9

0.17 0.18 

James Delany, PBRC

Reed Hoyt, USARIEM

Important differences in fat metabolism



Smart eyeglasses for food intake monitoring

Oliver Amft

ACTLab

Univ of Passau

• Chewing cycle recognition

• Distinguish food texture (banana, cucumber, carrot)

• 3D printed glasses personalized to user



Baseline  Near-term Mid-term 

Technology Hidalgo/Zephyr RT-PSM 

Low SWaP

GOTS/mod COTS

Tunable Narrow 

Band (TNB)(low 

data rate)

Ti11xx

ULPW-SoC PSM

Batteryless, power 

harvesting, 

integrated 

sense/process/ 

communicate 

(UWB/TNB)

TRL 

(current/planned)

TRL 7-8 (COTS) TRL 4-6 TRL 3-6

Applications

Real Time Physiological Status Monitor (RT-PSM)

2
.5

 m
m

3.3 mm

0.13 µm CMOS

*TBD

1. Specialized
2. Training
3. Operational

Technology Development

Specialized    Training    Operational

Reed Hoyt

Jeff Palmer

Joel Fink



Source:  Reed Hoyt (USARIEM) and Jeffrey Palmer (MIT Lincoln Labs)



Michael Strano

MIT

Single wall nanotube 

(SWNT) glucose sensors

Barone & Strano

J Diabetes Sci Technol 2009;3:242



Differentiation of complex vapor mixtures 

using carbon nanotube chemical sensors 
(ACS Nano 2013;7:2800-7)

• Single stranded DNA coated nanotubes

• Field effect transistor (FET) arrays



Autonomous virtual characters that can

have meaningful interactions 

with human users

•Reason about environment

•Understand and express emotion

•Communicate through speech & gesture

•Play the role of teachers,  peers,  adversaries 

“Skip” Rizzo



Tiffany Stewart & Don Williamson 

Internet-based weight and fitness intervention and support

Three major database and 

study efforts:  

94th Regional Readiness 

Command

Fort Bragg

Louisiana Army National 

Guard



Heart Rate Monitor

+

VO2max = – 5.075 + 44.98 * (1/Tc * HR)

J Appl Physiol 2001;91:451

Peter Weyand

SMU

“Heartbeats per running step”

(1/Tc * HR)

Elegant biological relationships can provide useful 

physiological information from simple measurements

Aerobic Fitness Index



Military metabolic technologies

Original 3D

Body surface scan

Warp standard

anatomy Into 

surface scan

3D Avatar with complete internal anatomy

Personalized body composition avatars

Gary Zientara

Hand held DXA, Joseph Kehayias

My RQ, portable metabolic monitor

Gary Shaw & Holly McClung

C-13 labelled macronutrient studies

Virtual metabolic coach



Technologically enhanced rations

Gerry Darsch

NSRDEC



“Dr. Ancel Keys had preceded us in the desert.  

He reported favorably on K rations.  But we 

followed the path of a maneuvering unit by the 

trail of discarded K biscuits.  Even small desert 

rodents avoided them.”

William Bean, MD

K ration



Smoked eel, Zuiderzee

Hamachi cheek, Narita

Pastrami, Katz’s Deli

Toro, Akiko’s
San FranciscoBlack cod, Kyo Ya, NYC Pork buns, Hakata Ippudo, NYC 

Peking Duck

Pork belly, Gordon 
Ramsey’s, London





pocket sandwiches, energy bars, 

carbohydrate enhanced 

applesauce, high energy drinks, 

pouches of tuna, chunk chicken 

and caffeine gum 

Science-based ration components for soldier health & performance

Most Americans are NOT 
deficient for Vitamin D

One group tends to be 
deficient – young women 
(18-25 yrs)

2011

TYR



Extra virgin olive oil (oleocanthal)
Fish (omega-3 fatty acids)
Red wine (resveratrol)
Onion (quercetin)
Garlic (allicin)
Legumes and nuts
Whole grains:  bread and macaroni



Cultures that “respect” food and food variety

Healthy food choices:  a varied 
diet including fruits and 
vegetables and low-salt intake, a 
diet generally believed to help 
reduce the incidence of obesity 
and cardiovascular disease

Relative comparison of obesity 



“Metabo Law”  2008

Low Tech Policies



Progress since the “decade of the brain”

 New technological era provides benefits 

and risks - risks of overnutrition and 

underexercise are now major public 

health (and national security) concerns  

 New technologies such as metabolic 

sensing, virtual environments, and AI 

decision support tools may be directed 

to help humans effectively self-regulate

 The head is connected to the body, and 

an integrated view of brain and behavior 

with human metabolic regulation is 

critical to advancing nutrition science   
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