


The Digital HumanThe Digital Human



The GoalThe Goal

An accurate simulation of the human An accurate simulation of the human 
body from molecules to cells, tissues, body from molecules to cells, tissues, 
organ systems and the entire body.organ systems and the entire body.





































Bone Integrity in Weightlessness
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• Physiological deconditioning and dysfunction in astronauts returning 
from space

• Changes are highly dynamic and may lead to a new steady-state

• Changes lend themselves to interdisciplinary analysis and multi-system 
models

• A very large number of measurements were planned on Skylab.  How
do we integrate this data?  How do we systematically keep track of all 
the hypotheses (and their implications) that might explain the data?

The Environment for Creating the
Whole-body Algorithm

Can a group of subsystem models and an integrated 
model simulate the human responses to space flight and 
assist in analyzing the Skylab data?



A) To provide a tool for evaluating hypotheses related to  
physiological adaptation to space flight 

Whole-Body Algorithm: Objectives



B) To provide a realistic end-to-end simulation of the major     
physiological events and biomedical tests of the Skylab mission

Exercise Short-Term Response
LBNP
Ambient disturbance (T, C02) Long-Term Adaptation

Typical Space-Flight Event Sequence

Preflight Control

0-g Insertion

0-g Mission

Reentry to 1-g

1-g Postflight 

Whole-Body Algorithm: Objectives



Whole-body Algorithm: Design Requirements

• Should include representations of the cardiovascular, respiratory, 
thermoregulatory, hematological, and fluid-electrolyte systems

• Models should be deterministic, mechanistic

• Dynamic capability to simulate both acute and long-term changes 

• Specifically validated to simulate specific stress experiments used to 
evaluate the space-flight adaptation process 

-- LBNP    --1-g tilt    -- Supine and Erect bicycle ergometry     -- Bed 
Rest

• Capability to simulate the environmental stresses which may influence 
the results of these experiments (temperature, humidity, PP02,,
PPCO2)

• Should include an automated database system of ground-based and 
Skylab measurements for validating and testing the models. 



















Overall Contribution of WBA

• First time a physiological model of this scope was created

• Proven operational capability of end-to-end simulation of 
long-term adaptation of space flight accounting for short-
term experiment and environmental stresses 

• Models for simulating short-term events was a significant 
start on a multi-system (cardio-thermo-pulmonary) exercise 
model

• WBA provided a central repository for collecting hypotheses 
for a diverse group of physiological changes due to the 
microgravity environment 







Earth OrbitEarth Orbit
Mars OrbitMars Orbit
Piloted TrajectoriesPiloted Trajectories
Stay on Mars SurfaceStay on Mars Surface
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2014 Mars Design Reference Mission 
Scenario (typical)

Earth ArrivalEarth Arrival
June 26, 2016June 26, 2016

Mars ArrivalMars Arrival
June 30, 2014June 30, 2014

Mars DepartureMars Departure
Jan. 24, 2016Jan. 24, 2016

Earth DepartureEarth Departure
Jan. 20, 2014Jan. 20, 2014

Mars PerihelionMars Perihelion
January 22, 2013January 22, 2013

December 10, 2014December 10, 2014

Flight Profile
Transit out: 161 days

Mars surface stay: 573 days
Return: 154 days



Human Space Flight Experience
(Includes flights longer than 30 days as of January 1998)(Includes flights longer than 30 days as of January 1998)
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A Mars mission  may A Mars mission  may 
require 30 monthsrequire 30 months

The majority of longThe majority of long--
duration human duration human 

space flight missions space flight missions 
are 4are 4--6 months in 6 months in 

lengthlength



Muscle atrophyMuscle atrophy
resistive exercise under resistive exercise under 
evaluationevaluation

Impacts of Extended WeightlessnessImpacts of Extended Weightlessness

Neurovestibular adaptationsNeurovestibular adaptations
vehicle modifications, including vehicle modifications, including 
centrifugecentrifuge
may require automay require auto--land capabilityland capability

Bone lossBone loss
no documented endno documented end--point or point or 
adapted stateadapted state
countermeasures in work on countermeasures in work on 
ground but not yet flight testedground but not yet flight tested

Cardiovascular alterationsCardiovascular alterations
pharmacological treatments for pharmacological treatments for 
autonomic insufficiencyautonomic insufficiency

Physical tolerance of stresses during aerobraking, landing, and Physical tolerance of stresses during aerobraking, landing, and launch launch 
phases, and strenuous surface activitiesphases, and strenuous surface activities



Reports of illness and injury
during space flight

Data from R. Billica, Jan. 8, 1998

Space Medicine Issues

Incidence CommonIncidence Common
(>50%)(>50%)

skin rash, irritationskin rash, irritation
foreign bodyforeign body
eye irritation, corneal eye irritation, corneal 
abrasionabrasion
headache, backache, headache, backache, 
congestioncongestion
gastrointestinal disturbancegastrointestinal disturbance
cut, scrape, bruisecut, scrape, bruise
musculoskeletal strain, musculoskeletal strain, 
sprainsprain
fatigue, sleep disturbancefatigue, sleep disturbance
space motion sicknessspace motion sickness
postpost--landing orthostatic landing orthostatic 
intoleranceintolerance
postpost--landing landing 
neurovestibular symptomsneurovestibular symptoms

Conceptualization of crew healthcare & Conceptualization of crew healthcare & 
exercise facilitiesexercise facilities

Incidence UncertainIncidence Uncertain
infectious diseaseinfectious disease
cardiac cardiac dysrhythmiadysrhythmia, , 
trauma, burntrauma, burn
toxic exposuretoxic exposure
psychological stress, psychological stress, 
illnessillness
kidney stoneskidney stones
pneumonitispneumonitis
urinary tract infectionurinary tract infection
spinal disc diseasespinal disc disease
unplanned radiation unplanned radiation 
exposureexposure

artwork from Constance Adams and Kris Kennedy for the 
JSC TransHab Team



In Flight Medical Events STS-1 through STS-89

• 498 of 508 (98%) crew members reported medical 
events (excludes space motion sickness)

• 1867 separate events reported (1613 men, 254 
women)

• 141 (7.6%) events due to injury

Data courtesy of NASA HQ: R Williams MD, NASA JSC: D Williams MD, S Pool 
MD, R Billica MD, T Marshburn MD



Medical Risk

• Estimulated risk of significant event  (= ER visit or 
hospitalization) on ISS  = 1-3 events per annum

Previous Experience
• Two cosmonauts evacuated
• 44 med evacs in 10 yr. of Polaris fleet operations
• Antarctic experience with breast CA
• Increased risks for long space flight duration & 

older crew 
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The Digital HumanThe Digital Human



The GoalThe Goal

An accurate simulation of the human An accurate simulation of the human 
body from molecules to cells, tissues, body from molecules to cells, tissues, 
organ systems and the entire body.organ systems and the entire body.



Applications:Applications:

Aid research by tying together large amounts of Aid research by tying together large amounts of 
information available about biological systemsinformation available about biological systems

---- gene expressiongene expression
---- cell modelscell models
---- organ modelsorgan models
---- identify research needsidentify research needs

Improve Education and Training at All LevelsImprove Education and Training at All Levels
---- Reduce the gap between classroom and practiceReduce the gap between classroom and practice
---- Make learning more efficient, more compellingMake learning more efficient, more compelling
---- Reduce error rates through simulationReduce error rates through simulation--based trainingbased training
---- Improve medical certification and accreditation (test more Improve medical certification and accreditation (test more 

sophisticated skills)sophisticated skills)



Applications (cont.)Applications (cont.)
AssistAssist biomimeticsbiomimetics (computing, assembly)(computing, assembly)

Improve the Practice of MedicineImprove the Practice of Medicine
Design and test medical devices and proceduresDesign and test medical devices and procedures
Tissue engineeringTissue engineering
Artificial organs and prostheses Artificial organs and prostheses 
Help doctors and nurses communicate with patientsHelp doctors and nurses communicate with patients
Provide a “bodyProvide a “body--double” for each patient, to individualize double” for each patient, to individualize 
diagnosis and therapy diagnosis and therapy 
Eventually predict  the response of the human body to new Eventually predict  the response of the human body to new 
therapiestherapies

Simulated human surrogates: vehicle safety, Simulated human surrogates: vehicle safety, 
environmental exposure, effects of extreme environmental exposure, effects of extreme 
environments, ergonomics, …environments, ergonomics, …



StateState--ofof--thethe--art in experimental data art in experimental data 
ready to support increasingly complex ready to support increasingly complex 
simulations.simulations.

StateState--ofof--thethe--art in information science art in information science 
(and hardware advances) ready to (and hardware advances) ready to 
make shared development and make shared development and 
interoperable objects a useful tool.interoperable objects a useful tool.

Many nonMany non--interoperable approaches interoperable approaches 
underway, but flexibility remains.underway, but flexibility remains.

Why Now?



Understanding biological systems Understanding biological systems 
is the most ambitious enterprise is the most ambitious enterprise 
ever undertakenever undertaken
Understanding these systems Understanding these systems 
mean mastering breathtaking mean mastering breathtaking 
complexity at all levels (there will complexity at all levels (there will 
be no unified field theory)be no unified field theory)

We can agree that:



The work must involve The work must involve 
collaboration of a large and diverse collaboration of a large and diverse 
research communityresearch community
Information technology will play Information technology will play 
an essential role in making sense an essential role in making sense 
out of this complexity AND in out of this complexity AND in 
allowing groups to work allowing groups to work 
collaborativelycollaboratively

Therefore:Therefore:



A A technical architecture for sharing  for sharing  
simulation components and allowing simulation components and allowing 
interoperability of biomedical modelsinteroperability of biomedical models

A A collaborative, open source collaborative, open source 
environmentenvironment for model design, for model design, 
communication, development and communication, development and 
validationvalidation

Essential TasksEssential Tasks



ObstaclesObstacles

Biomedical Research community:Biomedical Research community:
Concern that models go beyond empirical Concern that models go beyond empirical 
data data 
Shortage of proven results Shortage of proven results 
Concern that IT researchers will waste Concern that IT researchers will waste 
precious research funds on irrelevant precious research funds on irrelevant 
frolics yielding no short or longfrolics yielding no short or long--term term 
benefitsbenefits
Misunderstanding/underestimation of the Misunderstanding/underestimation of the 
potential of IT researchpotential of IT research



ObstaclesObstacles

IT Research community:IT Research community:
Poor articulation of the power of IT methods Poor articulation of the power of IT methods 
(appear to have solutions looking for problems)(appear to have solutions looking for problems)
Underestimate the problemUnderestimate the problem
Over promising in the pastOver promising in the past

Everyone:Everyone:
Fear and Loathing of burdensome, rapidly Fear and Loathing of burdensome, rapidly 
obsolete standards, endless committee meetings obsolete standards, endless committee meetings 
chaired by the most boring people in the field, chaired by the most boring people in the field, 
commissars of compliance…commissars of compliance…
Protection of intellectual property, protection of Protection of intellectual property, protection of 
investment investment 



Why is this so hard?Why is this so hard?

Several false starts & competing Several false starts & competing 
approachesapproaches
Enormous complexityEnormous complexity
Limited dataLimited data
Many disciplines must work together Many disciplines must work together 
(biomedical, computer science, (biomedical, computer science, 
engineering..)engineering..)
No 800 pound gorillaNo 800 pound gorilla



Next Steps?Next Steps?

Create a wide openCreate a wide open--source community source community 
supported by all federal funding agencies supported by all federal funding agencies 
(carrot not stick) and an acceptable (carrot not stick) and an acceptable 
management systemmanagement system
Develop a framework built around biological Develop a framework built around biological 
fundamentals (structures, messages)fundamentals (structures, messages)

encourage new work built to this encourage new work built to this 
frameworkframework
use the framework to define wrappers that use the framework to define wrappers that 

allow interoperation of existing models and allow interoperation of existing models and 
componentscomponents



Next Steps?Next Steps?

Launch working groups in specific areas Launch working groups in specific areas 
(heart ..).  Pick leaders (champions) to jump (heart ..).  Pick leaders (champions) to jump 
start each areastart each area
Federal agencies encourage cooperation and Federal agencies encourage cooperation and 
invest in essential tasks (coordination, invest in essential tasks (coordination, 
building and testing kernels)building and testing kernels)
Each agency play to its strengths (NIH is the Each agency play to its strengths (NIH is the 
logical leader)logical leader)





In Conclusion…In Conclusion…
Simulations will be supported on a massive Simulations will be supported on a massive 
scale because they are an essential.  An scale because they are an essential.  An 
intentional community would make the intentional community would make the 
process vastly more efficient and more process vastly more efficient and more 
resistant to errorresistant to error

The task won’t be easy, and it won’t be The task won’t be easy, and it won’t be 
done quicklydone quickly

It must be the work of many hands!It must be the work of many hands!




