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Foreword
From the Vice Chief of Staff of the Army

Winning wars today and in the future will depend on adapéadersskilled Soldiers, and
well-trained teams empoweredth advanced technologieBhe Army Robotic and Autonomous
Systems (RAS) Strategy descridesw the Armywill integrate new technologiesto future
organizations to help ensureermatchagainsincreasingly capable enemi€onsistent withhe
2015 National Military Strateg the RAS Strategydescribes how the Army will useuman
machine coll aboration to meet operdtienalopticoriSsforCh ai r me
Joint Forccommandess. The integration of RS will help future Army forceoperatingas part
of Joint teamgo defeat enemy organizations, control terrain, secure populatiotsonsolidate
gains RAS capabilities will also allow future Army forces to conduct operations consistent with
the concept of mukdomain battle, projecting power outward fréandinto maritime, spaceand
cyberspace domains to preserve Joint Fin@edom of movement ancti#on. Executing this
strategy will require Army leaders to think clearly abbatv tointegrateRAS into operations
learn through rigorous experimentatiamalyze what we learn focus andrioritize efforts and
implement RASenabled concepts acrassctrine,organizationtraining materiel, leadership and
education, personnel, facilitiesd policy

Because enemies wilttempt toavoid our strengths, disruptivanced capabilitieemulate
technologicaladvantagesand expand efforts beyond physical battlegrounds, the Army must
continuously asse$8AS efforts and adaptThe Army will prioritize nvestmentdasedon how
RAS capabilities contribute to interim solutions the Army Warfighting Challenges.
(http://www.arcic.army.mil/initiatives/armywarfightingchallenyePursuing RAS allows Army
Soldiers and teams to defempableenemies and maintain overmatch acrfigs capability
objectives:increases i t uat i onal awareness,; | i gchgnitve t he
workloads; sustain the force with increased distribution, throughput, and efficiency; facilitate
movement and maneuver; aindreasdorce protectio.

Succesdepend on Army leaderssharing a common vision amwllaboratingto determine
how best to integratRAS into joint operations Delivering RAS capabilitiewill not be easy.
And because RA% a relatively new range of capabilitiexecutionwill require Army leaders
to be open to new ideas and eamage bottorup learning fromSoldiers andunits in
experimentation and tier my’ s war fi ghting assessments.

éaniel B. AIIynﬁg

General, United States Army
Vice Chief of Staff
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Sectionl
Why the Army PursuesRobotic and Autonomous SystemsRAS)

The Army RAS Strategydirectsactionsnecessary to achiewmity of effort in the integration
of ground andaerial RAS capabilitiegnto Army organizations Effective integration oRAS
improves U.S. forces ability to maintain overmatcland rendes an enemy unable to respond
effectively. The Army must pursue RAS capabilitiegth urgencybecause adversaries are
developingand employing a broad range of advanRédb technologieas well aemployingnew
tacticsto disrupt U.S. military strengthrend exploit perceived weaknessB#S are increasingly
important to ensuring freedom of maneuver amdsion accomplishmentith the least possible
risk to Soldiers.

PursuingRAS allows the Armyto improve the combat effectiveness of the future force.
Development oRAS solutions withilArmy formationsemphasizeBumanmachine collaboratian
Integratedhumanmachine teamwiill allow forces tdearn,adapt fight and winunderuncertain
situations RASenabled teams give leadéirse andspaceo make decisionthat achieveactical
and operationajains

Today’' s investment i n RAS wil/l hel p ensure
challenges: 1) increased speed of adversary actiodluding greater standoff distances; 2)
increased use of RAS by adversaries; and 3) increased congestion in dense urban environments
where communications will be stretched to the breaking point.

To advance RAS development aaddress thesehallengesfive capabilty objectives guide
technology development and employment of Unmanned Ground Systems (UGS) and Unmanned
Aircraft Systems (UAS):

a. Increase situational awareness. Complex terrainand enemy countermeassarlimit
S o | d abditrestd see and figtdt the battalion level and below. Advancements in RAS allow
for persistensurveillance and reconnaissamser wide areg®ften going where manned systems
camot, therebyincreasing standoff distangesurvivability and reaction time for commanders

b. Lighten the So | d iphysialband cognitive workloads. Excessive equipment
requirementgseduce stamina and endurance. Autononsyssems lighten equipment loads and
increase Soldier speanpbility, stamina and effectiveness. Vast amounts of informati@rload
|l eaders’ abil ity fatiltate msskoe comneaad by doltectisg, orgéhixiBg, and
prioritizing data to facilitatedecisionmakingas well as improving tactical mobility while reducing
cyber, electronic, and physical signatures

c. Sustain the force with increased distribution, throughput and efficiency. Logistics
distribution is resource intensiv8oldiersand teams becomaillnerableat the end okextended
supply lines.Air and ground amanned systenasd autononypasecdcapabiltiesenhance logistics
at every stage of supply movement to the most forward tactical resupply points. RAS move materiel
to the most urgent points of need amebvide optionsfor Army logistics distribution to the
warfighter.

d. Facilitate movement andmaneuver. Joint Combined Arms Maneuver in the 21st Century
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requires ready ground combat forces capable of outmaneuvering adversaries physically and
cognitively in all domains. Through credible forward presence and resilient battle formations,
future graind forces integrate and synchronize joint, interorganizational, and multinational
capabilities to create temporary windows of superiority across multiple domains; seize, retain, and
exploit the initiative; and achieve military objectives. Investmentariti-Access/Area Denial

(A2AD) capabilities allows future enemies to engage Army forces earlier and at greater distances.
In addition, adversaries will look to emplace obstacles to threaten movantgnaneuver across
extended avenues of advance. As anter, Army forces employ RAS to extend the depth of the

area of operations and to provide responses to enemy action. RAS expand the time and space at
which Army forces can operate and improve the ability to overcome obstacles.

e. Protect the force. The congestednd contested future operational environm@iE)
increases Soldiers’ exposure to hazardous sit
survivability by providing greater standoffstiatnce from enemy formationsckets, artilleryand
mortars as well as placing less Soldiers at risk during convoy operations.

Of the five capability objectives, the priority in the
nearterm is to increase situational awareness and
lighten the Soldier's physical load, which will improve| 1. Reducing the number of
combat effectiveness of dismounted units. In the-mid| warfighters in harris way
term, the priority is to improve sustanent and soldier
protection with automated convoy operations. The
autonomous technology within automated convoy
operations will transfer to many other future initiatives 3. performing missions impossible
such as unmanned combat vehicles. In théefan, the | for humans
priority is to facilitate maauver with unmanned comba
vehicles, which will increase capabilities withirigade
combat teams

RAS contributions to DoD:

2. Increasing decision speed in tim
critical operations

Defense Science Board
Summer Study on Autonomy
August 2016

Achieving the five capability objectives an
integrating RAS into existing formatiomgll take timeandcalls for arevolutionaryapproach. The
Army investsnow to seize technological opportunities, suckadierborne sensorand tethered
or teleoperatedsystemsconnected to combat vehicles and air¢r@ftprovide these capabilities
while also learnindgrom the integration odRAS and refiningoncepts ath requirements to improve
combat effectiveness.

Sectionll
RAS Priorities in the Near-, Mid -, and Far-Term Horizons

The Armyexpressegs vision for RAS byoutlining realistic djectives in the neaerm
(20172020), feasible objectives in the rterm (20212030), and visionary objectives for the
far-term (20312040). Neaterm objectivesre partially fundedh current budgets. Miterm
priorities have resear@nd procurement funding lines submitted far Hudget under
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consideration.Visionary objectives have limited research and development funding programmed
in the budget.

Over the nextwenty fiveyears, three technology advancements are essémadbw the
fastest, an@osteffective achievement of the RAS capability objectives: autonomy, artificial
intelligence, and common control.

Autonomy isthelevel of independencthat humangrantasystemto execute giventaskin a
statedenvironment. It is based on a combination of sensansl advanced computirtg navigate
this environmentand the software sophistication necessary for machaexisionmaking.
Enhanced autonomy capabilities will mef@wer Soldiers are requitefor robot control aRAS
perform dull, dirty and dangerous tasks on their oWigher levels of autonomy will permRAS
to perform higher risk missions for longer duration, expand operational depth and standoff distance
andallow Soldiersto focus orthose missions humads best

The process tonproveRAS autonomytakes a progressive approach thegins with tethered
systemsfollowed bywirelessremote contrglteleoperationsemiautonomougunctions,andthen
fully autonomous systemgn 2016, most UGS and UAS op¢e between teleoperation and semi
autonomy. Becausesome autonomous capabilities advance and others lag behind due to
technological constraints,@éhArmy must consider optionatypanned systems that can use human
operators for specific, complemissioncritical tasks until autonomy mature$he Army seeks to
maintainhumancontrol over all autonomous systems. It will achieve this goal by keeping humans
“in-the-loop or ontheloop’ of current and future RAS. Humanstheloop will allow final
decisions to be determindy a human operat@n whether to proceed furthigr an activity; one
example is lethal system3dumans orthe-loop will allow humans to intervene in RAS systems
such as automated vehicles.n b ot h cases, havebumarjudgement makingh i s
critical decisios when employing autonomous systems.

Artificial intelligence (Al) is the capability of computer systems to perform tasks that digrma
require human intelligence suchmesceptionconversation, andecisionmaking Advances in Al
are making it possible to cede to machines many tasks long regarded as impossible for machines to
perform. Al will play a key role in RAS developmeas reasoning and learning in computers
evolves. Alwill improve the ablity for RAS to operate independently in tasks such asazftl
driving and analyzingnd managingnass amounts of data for simplified human decisnatking.
Increasingly, Al will accountfor operationalfactors such as mission parameters, rules of
engagement, and detailed terrain analysés humanmachine collaboration matures, Aill
contribute tofaster and improwkdecisioamaking in five areas: identifyingtrategic indications
and warnings advancing narratives and countering vadarial popaganda suppoting
operational/campaiglevel decisionmaking enabing | eader s to xedpl oy
manned/unmanned formatioraidenhanag the conducof specific defensive missioms which
functions of speed, amount of information, and synchronizatight overwhelm human decisien
making.

Commoncontrolis the ability for one common software package to control an array of
ground and air systemandis critical for maximizing management ohultiple and varied
RAS. Common controWill allow one Soldier to control multiple robots with one contrgller
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redudng physicalandcognitive burdes on Soldiersoperating the systen€Common controblso
overcomesoperational Imitations (data sharing encryption / range fransferring control of
platforms and payloads) while realizing cost savingsand simplifyng sustainmentthrough
compatible display units, batteries, and radios.

T h e A rpnoyitizasion of the Common Operating Environment (COE) will facilitate
common controlhroughcommon standards and technologiestfacilitate mission command and
simplify the network The COE is not a system or anquisition program of record. Rather, i
operatesas aplaybook for how Army IT products are built and deployed. The COE provides
standards to unite existing programs and new technologies on a common software foundation,
simplifying development, integration, trainirgnd sustainmentlo support flexible em@lyment
of RAS, and gain maximum benefit from the information they prowue Army will emphasize
compdibility in the mobile, mounted, command post, and sensor components of COE

In addition to advancements autonomy, Al and common contrdhe Army requires
governmentowned architecture, interoperability, common platforms, and modular payloads
as necessargdditionalsoftware and hardware realizethe following benefits:

-Costsavings with common RAS platforms means more funds to purchase rhotg ro
-Faster upgrades to support innovation aocklerated¢apability development

-Component/payloadhodularity to facilitate RAS integration in different mission sefor
example, in one mission a medium UGS can be used to carry extra supplies, and in the next mission
employ achemical, biological, radiological and nucle@BRN) sensor paylogdwhile in a third
mission, it may emplacesrveillanceasset

Finally, cyber protectiormndmission assuranaecritical for effective RAS developmeahd
employment Mission assurangehe actions taken to achieve mission resiliency and ensure the
continuation of mission essential functions and asgteedunder all conditions and across the
spectrum of threats and hazaral&ws units taconnecto a defended network, resulting in a much
higher probability of mission succes$he Army must improve cyber protection amdssion
assurancefuture RAS will rely on cybe capabilities and data linkacross cyberspace and the
electormagnetic spectrum

To accomplish the capability objectives in this strategy and theatuinderlying technologies,
the Army mustinvest now and adjust transformation priorittesachieve specific goals over the
next 25 years. The following sections identify the priorities in three broad time horizons.

Near-term (20172020)

Through 2020, the Armynatures concepts anditiates or continuesprograms toincrease
situational awareness, lighten the Soldier loadmprove sustainment, facilitate movement
and protect the force

To increasesituational awarenesdor dismounted forcem the near ternthe Army procures
moreman portable RAS at lower echelons, capitalizing on increasddrance, senseopstacle
avoidance, autonomy and miniaturizatimm small UGS and UAShat enable tactical forces to

4
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make contact with threats on their own termMe.increasesituationalawareness for mounted forces,
the Army invests in tethered and untethered UAS that feed autonomous navigational systems and
send video streams to leaders. While stationary, these UAS support local security operations.

To reduce the amount of equipment carriecby

dismounted formations, the Army pursues ground R Near-Term Priorities
platforrs of varied scalable sizes and missi| « Increasssituational awareness for
configurations Soldiers operatindismountedor long dismounted forces at lower echelo

periods will shift physical burdens ®AS platforms
that provide a mobile power source and cal
equipment weapons, ammunition, watefiood, and _ _
other supplies. RAS will increasesmall dismounted| ® IMprovesustainment with

unit endurance and reaclio continue to lighten the automated ground resupply
Soldier load in the future, the Army invesin | e Facilitate movement with improved

e Lighten thephysicalload for
dismounted forces

exoskeleton technologyResearch inautonomy, Al, route clearance
and common control wilmprovefuture increments off o protect the Force with EOD RAS
medium UGS to lighten th&oldier load. platform and paylad improvements

To lighten the cognitive load the Armycontinues
advancerantsin computing/Al, clearing fires and intelligenemalysis RAS will enable the
Mi ssion Command Networ Kk i n terms of ‘“bmaneuv e
providing connectivity in dangerous situations, improving the agility and tactical mobility of
command posts, and reducing the signature of command post nodes by dispersing the emitters
normally associated with them. At the same time, the increasingf B&S will require changes
to the Mission Command System, particularly in terms of knowledge management and the Mission
Command Network

To sustain high tempo operationsat the end of extended and contested lines of
communicationthe Army invests in aamated ground resupply convoys for increased throughput
and selguided resupply parachutes for improved resupyipss wide areasVehicle £nsors,
computersand decisionsupporttools will managevehicle attributesincluding speed,interval,
obstacleavoidance,limited visibility operations, thus increasingthreat mitigation Tactical
wheeled vehiclesequipped with active safety and seanitonomous leaddollower technology
conductsemiautonomous convoy operatiotigat provide logistics formations the ability to rest
drivers for critical tasks only humans can perfo®eience and technology investments in the-near
term improve autonomy to make automated ground resupplyABdesupply feasible in the mid
term.

To ensurefreedom of maneuveron the battlefield, the Arminvests incapabilitiesfor route
clearance, breaching, andlED. Science and technology investments in the Hbe@n improve
off-road ground vehicle autonomyhe greatest technological challenge for eyplent of
unmanned combat vehiclesResearch emphasizesgnitiveai ds t o “opt irmygl Isy p!
Future Vertical Lift and similar technology investments in airframe and propulsion to ensure UAS
possess the reach, protection and lethality reqtoradanned/unmanned combined arms maneuver.

To protect the force the Army continues investment in RAS for Explosive Ordnance Disposal
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(EOD) operationsincluding advanced EOD technologies (e.g., route clearance payloads and
increased autonomy for smadlbots to akar routes and obstacles fagtéther RAS efforts protect

the force particularly byincreasingsituational awrenesshroughsuchsystemdike soldier borne
Sensacs.

Ultimately, the primary nearterm investments are in pursuit aiutonomous technology
developmentwhichwill begin to change hothe Army operates by steadiitegratingautonomous
systems into combined arms maneuvaquiringthesecapabilities will allowthe Armytoincrease
force protection, lighten the physical load of dismounted forcesnanehsesituational awareness.

Vignette: Urban Operations (2025

Squads and platoons equipped wsthhall RASIn urban terrain make contact on their ov
terms, thus reducing the need for formations to maintain the traditional 6:1 attacK
defender ratio commonly associated with conventional urban combat operations.
Multipurpose Equipment Transportsarty supplies and small unit enablers, such
additional weapons, power generatiand other ground robots. These capabilities eng
Soldiersand tactical unitso avoid threats, maneuver and clear objectives efficiently,
initiate contactunder favorhle conditions. Platoons and squads will use these system
aid in reconnaissance missions acraBeee dimensions (surface, sup@rface and
subsurface) and to protect Soldiers. UAS sensors loitering overhead work with
platforms on the ground farovide enhanced situational awareness to human teammal
order to create better tactical options for small unit leaders.
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Mid -term (2021-2030)

From 20212030, theprimary focus is improvements situational awareness, Soldier load
reduction, sustainment and maneuver The Army improves the ability to develop and sustain
understandinghrough humammachine collaboratigradvanced RAS, and swarming capabilities.

The Army invests in new programs t ologdandanue e x
unmanned combat vehicle to deliver advanced capabilities to maneuver units. Improvements to
automated convoy operations achieve full autonomy removing Soldiers from the lead vehicle under
the LeadetFollower program.

RAS capalities supportArmy formations by

Mid -Term Priorities providing advanced situational awarenesgools

e Increasssituational awareness with| and improvemaneuver andethality of air-ground
advanced, smaller RAS and teams configured with manned and unmanned
swarming combat systems. RAS technologies executing

« Lighten the load with exoskeleton “per si s'tmessidnswal tfreerSeldiersfrom

capabilities the cognitive and physicalburdens ofurveillance

and reconnaissance missionsin addition, he

increasing occurrence of manned/unmanned

formations will further impact information flows,

e Improve maneuver with unmanned requiring new knowledge managemetactics,
combat vehicles and advanced techniques and procedures (TTP) and further
payloads revisions to the Mission Commaridetwork. The

Army builds upon existing capabilities for situational

awareness withswarming capabilitiesto increase the coverage, persistence, and duration of

intelligence, swreillance and reconnaissance (ISR) missions at all echelare iMcrements of
small UAS and UGSimprove size, weidt, power,and cooling Small UGS with increased
autonomy serve as static and mobile sensors on the battlefield, capable of prmddingant

communications and navigation asaigte in degraded environmenSwarming robotgrovide a

collaborativemulti-robot system consistirgf large numbers of mostly simple physical robots that

interact with each other and the environment. Uantifjcial intelligence, these networked robots
provide a desired collective behavimy coveing larger areas whilsharing information.

e Improvesustainment with fully
automated convoy operations

To continuetransferring the Soldier load onto RASplatforms the Army increases autonomy
in mediumsized and largerUGS for increased resupply throughput and movement of squad
enablers between dismounted echeldviediumsizedand largetJGS platformswill make one of
the biggest leaps in capability when the Army adds Modular Mission Payloads (MMPs), such as
CBRN and ISR sensorgthalcapabilities, communications packages and medium UAS platforms.
The Army ntroduces exoskeleton technolodiest lighten the Soldier load and allow for increased
Soldier protection (armor) during close comtaatd enable Sdiers to carry more innovative and
capable firepower solutions at the individual Soldier level

The Armyimproves automated sustainmenby adding advancegppliquérobotic systems to
new vehicle fleetsWhere n the neaterm, automated resupply onfgllowed manned lead
vehicles in the md-term, vehicles will move autonomously among security elementsmgove
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sustainmenthroughput capabilitiegshe Army begins programs for medium and large cargo UAS
to reduce reliance omannedrotarywing suppat. Similarly, casualtyevacuatiofCASEVAC)
requires greater efficiency as units operatedispersed. Future unmannedsystemsassistin
enabling CASEVAC, asautonomoussystemsoperatein all conditionsand stageforward with
supportunits, shorteningthe transition time from initial injury to casualty collection points or
treatment facilitiesenters

To facilitate movement and maneuverthe Armywill introduceunmanned combat vehicles
designed to function and maneuver across variable and rough temden combat conditions.
Capitalizing on earlier successes achieved in wheeled logistics autonomy prototgpésst th
incremens of RAS enabled combat platformdl have optionallymanned, teleoperated or semi
autonomous technologyAs autonomous offoad technology fully maturgthe Army will not wait
for perfection in offroad navigation and tactigainferential decisionmaking software before
fielding autonomous prototypes for testing. Instead the Army will seek to provide opportunities to
field what technologies exist today in an expectation of rapid innevatid evolution over the next
tenyears.In addition, b support érmations in moving and maneuvering against the enéimiys
will be developed for tactical deception operationsastly, to improve maneuver, the Army
modernizests UAS fleet with a futureadmily of UAS, starting with scalableontrol interfaces and
a rnwayindependent expeditionary tactical UAS Reduced signatures and smaijuided
munitions capabilityvill improveUAS survivability and lethality

From 20231203Q the Army continuesesearchn autonomy,machine learning, Al, power
managementnd commortontrol to achievenore capable UGS and UASVhile full autcmomy
is not achieved in the migtrm,the Armywill be in position for success in the fegrm.
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Vignette: Setting the Theater in Future Crises

"Thereis nothing moreommorthan to findconsideration®f supplyaffectingthestrategiclines
of acampaignand a war." - Carl vonClausewitz

In April 2025, an enemy invades an all
resourcerich national territory. In suppbof its ally, the U.S. deploys an ABCT that links U
with armored assets from prepositioned stocks.

Based on the immediacy of the need and limited logistical support, the Army uses-L
Follower unmanned ground transport convoys to-fiaal fuel, ammumion, and repair parts
fomst orehouses to support the ABCT in th

The LeadefFollower capability successfully supports the forward depldyB&T, utilizing a
mix of manned and unmanned vehicles to conduct convoy operations. Cammpicy
dedicated shomtange radios and computerized, behavioral algorithms to allow mul
unmanned trucks to follow the leading manned truck.

In this scenariohe automated Lead&iollower capability allowminimal logistics personnel tg
oversee wheled convoys om 700mile trek in support of &.S. ally in its preparation fof
possible combat operations. Using theéomatedechnologyfrees upmore slots for combat
arms Soldiers to flow earlier into theatedRAS capabilities also enalilee swiftand or@nized
movement of tonsf supplies on short notice without the need for large numbers of logistig
to be present on the ground ahead of operational combat units.

Far-term (2031-2040)

From 20312040, the Army displacesdts antiquatel autonomoussystems and fieldsiew
autonomous UGS and UA&veloped through commercial research sgidnce and technology
investments made in the neand midterms. Studies ardssons learnefdlom near and midterm
initiatives inform new organizational desigrisat fully incorporate autonomous systems. The
Army uses these technologies to maintain advardbgjeuational understanding from home station
to initial entry, enabling rapid transition to ottmgrerationaphases.

Autonomous systems, fully integratexdo the force, allow Soldiers and leaders to focus on the
execution of the missiomather than the manipulation and direct task control of robbtext
generation unmanned combat vehicles and aircraft enablg #rcesto creae multiple options
for commandersand to rapidly task organize and fight differenthasedon shifting mission
variables.
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Humarnmachine teamadapt continuously andg
conduct persistent reconnaissance and secu
missions for extended durations. The Army aq e Increasesituational awareness with

Far-Term Priorities

computerized technology todoldierexoskeleton persistent reconnaissance from
to createwar rcioonp |lirgegrated’ swarming systems

displays that aggregate a common operating « |mprovesustainment with
picturg provides intelligence updates and autonomouserial cargalelivery

integrate indirect and direct fire weapons system Facilitaternaneuver with

To increasesituational awareness the Army advancements to unmanned comba
deliversswarmns of multiple small robots to an are vehicles
of operations iradvance bclose combat maneuve
forces. Delivery gotions range from using a simg@kipping container to a specialirposeplatform
from which smaller craft or robotgystems are launched or maintain8avarm pbots will be fully
poweredselfunpacking and ready formmediate service.

Autonomous systems and swarm robots enable a maneuverable network, greatly improving the
tactical mobility and signature managemeot command posts As before, the existence of
manned/unmanned formatiomequiresnew knavledge managemerdnd adjustments to the
Mission Command NetworkEntire logistics effod areautomated, allowing Soldiers to focus on
combat activities and direatissions where human decisions and actions are required.

The Armyimproves sustainmentcapabilitywith autonomous cargo deliver¥on the ground,
the focusis on fully automating tactical wheeled vehicleAutonomous aerial systems provide
increasedresupply capabilitieso move containerized and packaged loads between distribution
nodes and forward areas with reduced reliance on manned rotary wing support.

Tofacilitate maneuver, formations benefit frormrmedground and aircraftoboticplatforms
with smallersignaturesand longer enduranceworking aloneor in pairs, to destroyhigh-value
targetsdeep in enemterritory. Unmanned combat vehicles will have the capability to move and
maneuver autonomouslgxtendng the effects of the mannachmanned team. Technologies
enable manned and unmanned teaming in both air and ground maneuver through investments in
scalable sensors, teamjg, and Soldierobot communication.

In the farterm,RAS allow commanders totan the initiative during highempao, decentralized
operations.Rapidly deployable RAS capable of connecting mission command systems will allow
for mission command ethe-move and the rapid transition to offensive operations after initial entry.
RAS alsoincrease situational understanding in urban environments through reconnaissance and
mapping of subterraneaystems.Expendable RAS platforms will provide commanders the ability
to take operational risks previously unimaginable with solely manned fomaatidachines will
take the place of humans maneuvering through the most dangerous avenues of approach and will
make contact with likely threats without costing commanders valuable Soldiers. With less human
exposure to hazards, the risks inherent withegBon operations, penetrations behind enemy
defenses, and exploitation and pursuit operations become less costly, giving commanders greater
options and more reliable freedom of maneuver

10
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Vignette: Reconnaissanceand Security Operations
Mounted combain the farterm includes small UGS working alongside Soldiers w|

robotic integration across all formations and mission templates. For reconnaissan(t

security missions, mounted scouts, augmented with velaigfeched semautonomous
UAS, detect threa along the axis of advance before main body forces are surpris
engagedvith enemylong-range systems.

Dismounted scouts, augmented with small ground robots, use reconnaissang
security platformdo relay data to higher echelons. RAS will swamermy sectors to
feed realtime data to mounted and dismounted scoAtsny intelligence will allow for

bal or

the effective and efficient operational employment of RAS sensors, providing higher

degrees of situational awarenesRAS increase capabilitiest all echelonsfrom the
squad to the BCTp create opportunities for BCT commanders to fight nedfectively

with greater understanding of the ene

With increased RAS on the battlefietde enemy will employ countermeasures to affq
RAS, andcommunicatiordata links.To ensure mission assurance, future RAEhave
redundant communications and #iality to operate in GR8enied environments.
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combined arms operations against capable enemies.
Ways

The Army accomplisbsthe capability objectives in this strategy through gitiation of RAS
capabilities and innovation through continuousnésy improvisation and adaption.

Prioritization

To achievethe five capability objectives in this strategy, the Army prioritizes autonomy, Al,
andcommon control as key effort3.hese technology advancements are pervasive thoatighs
strategy. Foremost sutonomyfor ground vehicle®ecauseas a land forgghe Army relies on
ground combat vehicles and etiad mobility It is the most challenging, militargpecific
requiement Automated capability for tactical wheeled vehicles on primary and secondary roads
will also be a priority Autonomy is a gateway technology that, once obtawdbpe integrated
into all ground vehicles, combat or otherwise. Its impact will influence all warfighting functions.

Ground vehicle autonomyncreases force protectiony having RAS conduct dirty and
dangerous taskdmmediate investment of serautonomous capability, such ag@nated convoy
resupplywill reduce the number of Soldiers required to operate vehicles during convoy operations,
thereby reducing the number exposed to riglansferring autonomous technology to current Army
systems will reduce the costs of new ghaoigramsand avoid carryingntegration costs and training
costs.

In the mid to farterm time horizons, autonomoBRAS with advanceg@ayloadswill deploy in
depth at the squad through brigade level to expand terrain coyveragée tactical optionand
increase force protection.

Innovaton

The Army Operating Concept defines innovation as the result of critical and creative thinking
and the conversion of new ideas into valued outcomes. The RAS steatsmyrages innovation
vianew or significantlymproved products, pcesses, organizational methaasrketing methods
and internal practices. Innovation does not come from technology alone, it emerges from
evolutionary problensolving directed at specific operational and tactical issues. It require
coherent frameworks of doctrine aomhcepts.The innovation process geneatew ideas for the
Army to advance RAS design, developmemid employment.

The Army’ s | aboratories w,andkngineeringeConfansie ar c |
(RDECOM) develps newtechnologes and the Centers of Excellence innovate and experiment to
develop ideas, insightaind requiremenfausing Science and Technology objectivies decide
whether to invest iaconcept, discard it, or experiment further

Means

The means of the RAS Strategy are the resouses tcaccomplish the objectived.o achieve
overmatch, the Army must analyze and apply emerging technologies and new organizational
conceptsiow, identify and take advantage of existing material solutions, and support new Research
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and Development initiativeéddditional resources must follow new or adjusted prioritiE#se RAS
strategyoutlinesthis through time, funding and organizations.

Time: The Army acquisition processquiresmanytime-consumingasks and processeshich is
why the RAS progressions are tifpbased. By working together, the four primary Army
organizatims in the robotic community (Army Materiel Commantraining and Doctne
Command Army Staff, andthe Assistant Secretary of the Arrfr Acquistion, Logistics and
Technology can expedite how quickly warfighters receive RASrganizations like the Rapid
Capability Office will also streamline innovation opportunities aretnpt RAS to exploit
technology breakthroughs.

Funding Fundingis critical for thedevelopment and procurement of RAS and the technology
required to make RAS effectiv&lhe current Strategic Portfolio Analydgeview (SPAR) is well
postured talign priorities and resources to achieve the objectives within the RAS Strategy

Organizations Organizations within the RAS community offer the capabilities, resouares
expertise to pursue and achieve RAS capabilitiBsose critical to accomplishing the RAS end
state areRDECOM, TRADOC, Army and DoD labs, academia, and commercial robotic vendors
in the U.S. industrial basélhe Armyleveragesommercial research whenever possible to reduce
costs and increase capalid#t. Collaborative innovation venues and processes will continue to
evolve providing routine and frequent opportunitiestf@ Army andmdustry to work togetr to
develop RAS capabilitiesThe Army facilitates adjustments in the Army Science and Technology
community to keep pace with rapid evolution of RAS, computer processing power, and software
Lastly, the Army collaborates with the other military Services with the Joint Concept for Robotic
and AutonomousThe Army benefits when working with the other Services on common programs
and capabilities. Two examples with the Marine Corps are the universal robotic coatrdltbe

Joint Automated Aerial Resupply (JAAR, a medium UAS with initial objectives ty @&@ 300
pounds 175 miles). One example of collaboration with the Navy is the common architecture and
software created for the universal robotic controller.

13
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The SIDRA Development Process

To link thestratey’ svays and means, the Army usefive-step development proceas a
bridgeto modenize the technologiesThis process includes the followisteps

Sustaincurrent systems.
* Maintain current fleet ofele-operated UGSs and remotely piloted UAS
* Recapitalize older robots
Improve existing systems.
* Field a universal controller for legacy and new programs
* Field autonomous technologies within UGS and UAS where possible
* Refine automated ground resupplyp er at i ons as tabatgmomdusmy
vehicle
Developnew capabilities.
» Develop offroad autonomy for unmanned combat vehicles
» Develop swarming for advanced reconnaissance
* Develop artificially intelligent augmented networks and systems
Replaceobslete systems.
* Replace nosstandard equipment systems with new programs of record
* Replace manned systems with unmanned systems to allow Soldiers to perform o
tasks
Assessiew technologies and systems.
« Continue assessments on the state of UGS and Ut&Samy to ensure systems
progress with available technology
» Determine where technologies can serve edassain solutions, especially with new
payloads

Section IV
RAS and Interim Solutions to the Army Warfighting Challenges

Given the currentlevel of developmentand future technology,RAS capabilitiesassistieaders
andSoldiersto addressnanyof the Army Warfighting Challenges(AWfCs) that describe enduring
operational problem#isted in the Army Operating Concept.The AWfCs represent firabrder
guestions to frame learning and collaborattmat improvesombat effectiveness of the current and
future force. AWICs focus on concept and capability development, and because they are enduring,
they allow the Army to integrate nearm, midterm and longerm efforts to deliver the future

force.

The AWfCs listed beloware directlyympacted byRAS capabilitiessought in thenear andmid-
terms.

AWIC 1 - Develop Situational Understanding: How to develop and sustain a high degree of
situational understanding while operating in complex environments against determined, adaptive
enemy organizations.
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RAS improve reconnaissance and security operations by focusing on terrain and enemy forces, by
developing the situation, and Ipyotecting the force through early and accurate warniRAS

also increassituational awareness in complex environments through reconnaissance and mapping
of sub and supersurface environments. Réd@lects andorocessesaw data(e.g, full motion

video) to produce intelligence such as visualization of a potential adversary with a location
identifier. Such informatiorhelps shapeand identify hazards,providing leaderswith better
situational awarenesandimprovedunderstanding.

AWfC 7 - Conduct Space and Cyber Electromagnetic Operations and Maintain
Communications: How to assure uninterrupted access to critical communications and
information links (satellite communications, positioning, navigation,tanchg, and intelligence,
surveillance, and reconnaissance) across a nudthain architecture when operating in a
contested, congested, and competitive operating environment.

RAS will provide unmanned air and ground communications relays and suppoerpted
access to criticatlatalinks. Potential enemies are developing cyblectromagnetic and space
capabilities (such as disruptive and destructive malveangelectronic warfare systenamd anti
satellite weapondp disrupt, jam, spoofand hack eommunications and precision navigation and
timing systems.

AWTfC 11 - Conduct Air -Ground Reconnaissance and Security OperationsHow to conduct
effective airground combined arms reconnaissance and security operations to develop the
situation rapidly inclose contact with the enemy and civilian populations.

RAS providepersistensurveillanceandreconnaissanogith unmannedystems allowg units
to conductsecurityoperationsacrossa wider areafor longerdurationswhile enablingSoldiersto
focuson other missions.Future systememployadvancedechnologies to extenehduranceand
standoff.

AWTfC 12 - Conduct Joint Expeditionary Maneuver and Entry Operations: How to project
forces, conduct forcible and early entry, and transition rapidlpffensive operations to ensure
access and seize the initiative.

UGS and UAS equipped with mission payloadad armamentwill conduct reconnaissance
based on tasks given by the operator. High definition sensors will integrate threat detection
gueuing and imagery over an integrated network in degraded visual environments for extended
duration in areas inaccessible by Soldiers.

Useof unmannedsystemsan mountedand dismountednaneuverformationsleadsto smaller
platforms that are more mobile and transportable enabling greater expeditionarymaneuver
capability.

AWIC 13 - Conduct Wide Area Security: How to establish and maintain security across wide
areas to protect forces, populations, infrastructure, and activities necessary to shape security
environments, consolidate gains, and set conditions for achieving policy goals.

AWIC 15 - Conduct Joint Combined Arms Maneuver: How to conduct combined arms air
ground maneuver to defeat enemy organizations and accomplish missions in complex operational
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environments.

RAS contribute to AWfCs 1&nd15 by conductingpersistensurveillanceof enemy avenues
of approach terrain denial with antarmor robotic platforms, and targeting data collection to
support indirecaind direcffires. RAS provide units and teams with protection and standoff from
IEDs and other explosives through detection, diagnostics, identification, neutralization, and render
safe capabilities.RAS support operations to enhance friendly force freedom afracshape
terrain, and control enemy movement.

AWTC 16 - Set the Theater, Sustain Operations and Maintain Freedom of MovementHow

to set the theater, provide strategic agility to flwent Force and maintain freedom of movement
and ation during sustained and higkempo operations at the end of extended lines of
communication in austere environments

RAS augment sustainment operations with autonomous ground and aircraft systems.
Associated sensors, computers and decision support tools aid imewvigatite selection, vehicle
control, and vehicle management such as speed, intervals, and obstacle avoidacealso
conduct triage and evacuate casualties under Atgonomous aircraft systems provide increased
resupply capabilitiesvhile reducilg manning requirements.

AWTfC 17/18 - Employ CrossDomain Fires. How to employ crosdomain fires to defeat the
enemy and preserve freedom of action across thgerahmilitary operations

RAS contribute to botAWfC 17/18. UAS have demonstrated tipetential to generate
accurate targeting locations for precision fires and the abilitypmrréattle damage assessments.
By employing next generation sensors and shooters, RAS achievieneaitegration and
optimization of targeting data for a rangjefires applications. RAS fuse data from all joint,
national, and multinationalensors from space to subterranean to achieve real time integration and
optimization of targeting dateRAS enable forces to move accurately and quickly track and
defeat targets, match targets with effects, and coordinate capabilities.

AWIC 19 - Execute Mission Command: How to understand, visualize, describe, and direct
operations consistent with the prslaphy of mission command to seize the initiative over the enemy
and accomplish the mission across the range of military operations

RAS will facilitate mission command by collecting, organizing, and gizmg immense
amounts of datéo aid decisions aking. RAS will also improve command post taatimobility
while reducing theyber, electronic, and physical signature.
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Section V
Conclusion

The Army RAS Strategy is a cafl committime, talentand resources now to position the Army
for victory infuture conflics. In pursuingRAS technologiegshe Armyaddresssthreechallenges
in the futureOE: acceleratedpeed of action on the battlefield, increased use of RA8\wrsaries,
and amplified complexty of contestecenvironments. To overcome Hechallenges, the Army
must seize technological opportunities for RAS development.

The RASStrategy will evolve over timbut, as it does, it will continue to remaiocused on
the fundamerat objective of maintaining overmatch and pursuing new technologies to protect
Soldiers. Integrating RAS into the Army will not be eagjapabilities like mediumand large
autonomous ground vehicles will take time to integrate because of the grewildagadal and
environmental challengesvolved This strategyoutlines the essential activities necessary
to foster unity of effort and identifies opportunitiesto accelerateground and aeriaRAS
capabilitiesin a resourceconstrainedenvironment Following publication of this Strategy, the
A r myRAS executionorderto implement the Strategy and its subsequent RAS Concepts of
Operation and Concepts of Employment will provide more detailed guidance for the integration of
RAS capabilities

This evolutionary process wilhchieve the five capability objectivesincreasesituational
awarenessl i ght en the warfighter s’ ; spstaip she toxd witta n d
increased distriltion, throughputand efficiencyfacilitate movemenand maneuveand increase
force protection. RA®ill lead the Army taaccomplish its technology advancemengsitonomy,
artificial intelligence, common control, governmemwned architecture, interoperability,
common platformsandmodular payloads

To win in a complex worldhe Armyuses RAS to provide thdoint Forcavith multiple options
to operde across multiple domains, psesent enemies and adversaries with multiple dilemmas
and to defeat enemieBY directingaclearvision of how the Army intends to exploit breakthroughs
in RAS technology and innovation, the RAS Strategy helps reshape the vision for how the Army
fights in the future.
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Appendix A. Acronyms and Terms

Acronyms

A2AD
ACO
ACE
AEWE
AFRL
Al

AOC
AMRDEC
ARDEC
ARL
ARO
AWA
AWIC
BCT
C4ISR

CASEVAC
CBRN
CERDEC
C-IED
CONOPS
CoP

COP
COTS
DARPA
DoD
DOTMLPFP

ECBC

Anti-access/Area Denial

AutomatedConvoyOperations

Army CapabilityEnablers

Army ExpeditionaryWarrior Experiment

Air Force Researchaboratory

Artificial Intelligence

Army OperatingConcept

Aviation andMissile ResearchDevelopmenandEngineeringCenter
ArmamentResearchDevelopment an&ngineeringCenter
Army Research.aboratory

Army ResearclOffice

Army Warfighting Assessments

Army WarfightingChallenges

BrigadeCombatTeam

CommandControl, CommunicationsComputersjntelligence,
Surveillance, and Reconnaissance

CasualtyEvacuation

Chemical Biological, Radiological, andNuclear

Communicationglectronics Research, Developmant Engineerin@€enter

CounterlimprovisedExplosiveDevice

Concepiof Operations

Communityof Practice

CommonOperatingPicture

CommercialOff the Shelf

Defense AdvanceResearclhiPrrojectsAgency
Departmenof Defense

Doctrine,Organization;Training, Materiel, Leadershipand
Education, PersonnelFacilities,andPolicy

EdgewoodChemicalBiological Center
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ECP EngineeringChangeProposal

EOD ExplosiveOrdnanceDisposal

ERDC EngineeringResearctandDevelopmentCenter
FMV Full Motion Video

GCS GroundControl Station

GPS Global PositioningSystem

IED ImprovisedExplosiveDevice

IEEE Instituteof ElectricalandElectronicsEngineers
IPT IntegratedProductTeam

ISR Intelligence SurveillanceandReconnaissance
JLOTS JointLogisticsOverthe-Shore

LF LeaderFollower

LIRA Long-RangelnvestmentAnalysis

LRRDP Long-Range Resear@mdDevelopmenPlan
MMP Modularmissionpayload

MOCU Multi-RobotOperatorControl Unit

MOSA ModularOpenSystemsApproach

MP Military Police

MRAP Mine ResistanAmbushProtected

MUM-T MannedUnmannedleaming

NIE NetworkIntegrationEvaluations

NSRDEC Natick SoldierResearchDevelopmenandEngineeringCenter
OoCuU OperatorControl Unit

OE OperationaEnvironment

ONR Office of NavalResearch

OosD Office of the Secretarypf Defense

PEO ProgramExecutiveOffice

PM ProgramManager

PNT Positioning,Navigationand Timing

POR Programof Record

RAS RoboticandAutonomousSystems
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RD&E
RDEC
RDECOM
RDT&E
RSTA
S&T
SPAR
STO
STOD
S&T
TARDEC
TEV&V
TRADOC
TTP
UAS
UAV
UGS
uGv
umMv
usv
uuv
WMD
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ResearchDevelopmenandEngineering
ResearchDevelopmenandEngineeringCenter
Army ResearchDevelopmenandEngineeringCommand
ResearchDevelopmentTestandEvaluation
Reconnaissanc&urveillanceand TargetAcquisition
Science andechnology

StrategidPortfolio Analysis Review

Science andechnologyObjectives

Science andechnology- Development

Science andechnology

Tank AutomotiveResearchDevelopmenandEngineeringCenter
Test,Evaluation Validation& Verification

Training andDoctrineCommand
Tactics,TechniquesandProcedures
UnmannedAircraft System

UnmannedAircraft Vehicle
UnmannedsroundSystem
UnmannedsroundVehicle

UnmannedMaritime Vehicle
UnmannedSurfaceVehicle
UnmannedJndersea/ehicle

Weaponof MassDestruction
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Terms

Appliqué kit - Add on kit that enablesmannedplatformsto be operatedwith unmanned
capabilitiesatthec 0 mma ndiseretions

Army Warfighting Challenge - Enduring operational problenisted in the Army Operating
Concept. The AWfCs represent firsbrder questions to frame learning and collaboration to
improve the combat effectiveness of the current and future force.

Artificial intelligence- Capability of computer systems to perform tasks that nitlymequire
human intelligence such agrception conversation, and decisionaking Advances in Al are
making it possible to cede to machines many tasks long regarded as impossible

Automated Convoy. A convoy in which all task vehicles/cargo carrying platforms that make
up the convoy are automated (C2, security vehicles, and maintéRaoceery vehicles are
always manned)

Automation - Thelevel of humarnnterventionrequiredby a systemto executea giventask(s)
in agivenenvironmentThe highestlevel of automation(full) is havingno immediatéhuman
intervention,and can be consideredunmanned. Theemnantof humaninterventionat this
highestautomatedevel is left to command/contrabversight(i.e. planning/taskdentification).

Autonomy - thelevel of independencéhat humangranta systemto execute giventaskin a
given environment. The condition or quality of beingself-governingto achievean assigned
mission basedon thes y s t ewn’sitiational awarenesgintegratedsensing,perceving,

analyzing)planninganddecisionmaking. This independence a point ora spectrunthatcan
be tailored to the specific mission, level of acceptableisk, and degreeof humanmachine
teaming.

Combat information - Unevaluateddata, gatheredby or provided directly to the tactical
commandewhich, dueto its highly perishablenatureor the criticality of the situation,cannotbe
processedhto tacticalintelligencein timeto satisfytheu s etacticalintelligence requirements.

Intelligence - 1. The productresultingfrom the collection, processingjntegration,evaluation,
analysis, and interpretationof available information concerningforeign nations, hostile or
potentiallyhostileforcesor elementspr areasof actualor potentialoperations2. The activities
thatresultin theproduct. 3. Theorganizationgngagedn suchactivities. (JP 20)

Intelligence Analysis - The processy which collectedinformationis evaluatedandintegrated
with existinginformationto facilitate intelligenceproduction.(ADRP 2-0)

Intelligence, surveillance,and reconnaissance An activity thatsynchronizeandintegrateshe
planningandoperatiorof sensorsassetsandprocessingexploitation,anddisseminatiorsystems
in directsupport ofcurrent anduture operationgJP 201)

Interoperability - Ability of a systemto work with or usethe partsor equipmentof another
system.
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Leader-Follower function - An appliquékit that providesa limited roboticlike capabilityto
transportatiorand distribution units. A mannedLeadervehicle leadsthreeto sevenunmanned
Followervehicles.

Machine intelligence, perception, and reasoning - The capability of a RAS to senseand

perceiveits environment,processinputs, renderconclusionsaboutthe datathat providesthe

machinewith the ability to act appropriatelyin an uncertainenvironmentusing sophisticated
inferentialcognitivemechanisms sudislearning andeasoning.

Manned-unmanned Teamingi Mannedunmanned eamingis thesynchronizee&mploymenof
Soldiers, mannedand unmannedair and ground vehicles, robotics, and sensorsto achieve
enhancedituationalunderstandinggreaterethality, andimprovedsurvivability. The conceptof
MUMT is to combinethe inherentstrengthsof mannedand unmannedplatformsto produce
synergyandovermatchwith asymmetriadvantages.

Optionally -Manned Platform - A RAS systenthatis capableof offeringoperationaemployment
eitherasaroboticplatformor atraditionalmannedvehicleor system.

Processingand Exploitation 1 In intelligenceusagejs the conversionof collectedinformation
into formssuitableto theproductionof intelligence.(JP 201)

RemotelyPiloted/Controlled - A modeof operationwhereinthehumanoperatodirectly controls
theactuator®f aUMS onacontinuousdasis, from off thevehicleandvia atetheredr radiolinked
controldeviceusingvisualline of sightcues. In this mode,the UMS takesnoinitiative andrelies
oncontinuousor nearlycontinuousnputfrom theuser.

Robot - a poweredmachinecapableof executinga set of actionsby direct humancontrol,
computercontrol,or acombination oboth. It is comprised o platform system software,and
apowersource.

Robotics- Thescienceor studyof thetechnologythatis usedto design build, andoperateobots.

Robotic and Autonomous Systems(RAS) - is an acceptetermwithin academiandthescience
and technology (S&T) community and highlights the physical (robotic) and cognitive
(autonomousaspectof thesesystemsFor the purpose®f this concept RAS is a frameworkto

describesystemghathavea robotic element.an autonomouglement,or morecommonly,both.

As technologydvancestherearemore roboticsystemswith autonomousapabilities.

Robotized- Transitionedrom a nonroboticto aroboticstate.

Robotic Wingman - A tactical RAS platform that augmentsmanned tactical, groundcombat
platforms. A robotic wingmanmay acquireand transmitdataand combatinformation, lead
columnsof mannedvehicles,augmentmannedplatform movementand maneuveror operate
independently out of closeproximity to mannedsystemsA robotic wingmarwill usevariable
degreesf directhuman control, robotic/A.l. commandandcontroltechnology.TheseRAS will

createoptions forhnuman commander$y creatingstandoffbetweerhumansandthreatcontact.
Commandersvill be ableto communicatedesiredroutes,objectivesandto usevariableamounts
of directcontrolor autonomy for these RASlependingn risk, complexityof task,andthe need
for humancontrol of weapons engagement.Robotic Wingmen will operateat a level of
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performancewhenemployedwhich will be comparabléo a mannedvehicle.

Sensor- A deviseintendedto detectand provide perceivablemeasurabl@lata. For the purpose
of this strategy sensodefinitionsfor unmanneaystemsarewrappednto the RAS discussioras
reconnaissance remaitisd to oneof the primaryroboticmission.Sensorarecritical enablergo
this capability. Sensorsnayrefer to therobotsthemselves atheir specificmissionpayloads.

Swarm - Swarmingis a methodof operationswhere large numbersof autonomoussystems
actively coordinatetheir actionsto achieveoperationalbutcomes Swarmingoverwhelmsargets
by usingmassandattrition in combinationwith decentralizeagnaneuver®r combinedfires from
multiple directions.

Tele-Operated - A modeof operationwhereinthe humanoperatorusingvideo feedbackand/or
other sensoryfeedback,either directly controls the actuatorsor assignsincrementalgoals,
waypointsin mobility situations,on a continuousbasis,from off the vehicleandvia a tetheredor
radio linked control device. In this mode,the RAS may take limited initiative in reachingthe
assignedncremental goals.

Unmanned Ground Vehicle (UGV) - An electremechanicaunmannedyroundplatform. Can
be operatedvia remote control, tele-operation,or may be equippedwith some degree of
autonomousehavior.Sucha platform may also retainthe ability to optionallymannedwhere
robotic capabilityis not necessamyr desired.

Unmanned system- An air, land, surface,subsurfaceor spaceplatform that doesnot havethe
humanoperatomphysicallyonboard thelatform.
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