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ABSTRACT

Multi Domain Operations (MDO) compress
time, expand the battlespace and saturate
commanders with information from land, air,
maritime, space, cyber, electromagnetic and the
cognitive domains. Traditional linear and
hierarchical decision cycles cannot match this
tempo or diversity. This article argues for
disciplined integration of artificial intelligence (Al)
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INTRODUCTION

Multi Domain Operations demand the capacity and enduranceto operate across every dimension of
conflict from dense urban terrain to the e ectromagneti ¢ spectrum, space, cyberspace and eventhe cognitive
sphereoften under contested conditions. In such an environment, advantage derivesfrom therapid integration
of collection, processing, dissemination and exploitation of information a scale. Against adaptive adversaries,
commanders require Al enabled systems capable of transforming vast ISR datainto timely, actionable
understanding.

Aim
To analyseAl-Enabled Decision Making and recommend away forward toward possible exploitation
of Al-Enabled Decision Makingin Multi Domain Operations(MDO).

Why Al?

Artificd intdligence augmentshuman judgment by anadysinglargeand fast moving datasets, reveding
patterns and generating courses of action with measurable confidence. Two decision modesarerdevant. Al
assi sted systems provide recommendations and insightswhileleaving final judgment to ahuman decision
maker; Al driven sysemsoperate autonomoudy within predefined limitsfor timecriticd, rulebased tasks. In
modern operationsboth modesareindispensable: theformer for complex, ethically charged decisonsand the
latter for micro decisions such as sensor tasking or fire control correctionswhere milliseconds determine
SUCCESS.

Key Al Technologies used in Decision-M aking

Machinelearning enablespredictive and ysisand anomaly detection by learning from data, whileneura
network and deep | earning architectures extract meaning from imagery, signalsand telemetry to support
sensor fusion. Natura language processing dlowsmachinestointerpret textua or voiceinputs, transforming
unstructured reportsinto structured knowledge. Together these technol ogies makeit possibleto convert
overwhelming dataflowsinto operationally relevant information.

How Al Improves Decisionsin MDO

Al systemsenhance decis on making through advanced support functionsthat provide aternate courses
of action, forecasted outcomes and risk probabilities. They uncover hidden patterns, conduct s mulationsand
learn continuously from feedback. They facilitate coll aborati on across echel ons by presenting common
visualizations of battlefield and by forecasting logistical or operationa needs. Truevalueliesnot in perfect
prediction but in faster, better informed approximations under uncertainty decisionsthat evolvedynamically
withthebattle.

Traditional Military Decision Making and its Limits under MDO

Classical staff procedures such asIntelligence Preparation of the Battlefield, the Military Decision
M aking Processand the Joint Operations Planning Processwere designed for ad ower, sequentia environment.
These methods, though robust, arelinear and limited by human cognitive capacity. They rely on hierarchica
information flow and standard operating procedures, with automation confined to datacollation and mapping.
Inmulti domain context, suchrigidity leadsto ddaysand an over dependenceon partid intdlligence, congraining
creativity. Al based Decision Support Systems (DSS) dlow commandersand staffsto movefrominformation
collectiontoward insght generation, shifting effort from compilation tointerpretation.
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Decision Frictions Unique to MDO

Colonel John Boyd’s OODA concept out cycling the adversary faces new challenges when information
flows simultaneoudy from multiple domains. Commanders experience overload, deception and latency as
datafromland, air, maritime, space, cyber and cognitivefrontsarrivein torrents. EffectiveMDO therefore
requiresconverging I SR capabilitiesfaster than any human team can manualy process. Robust Al and machine
learning becomeindispensabl efor datafusion and for dissemination of actionableintelligencetodecisoncedls
in near real time. U.S. Army’s MDO framework envisages a layered ISR network of autonomous sensors,
human intelligenceand special operationselements, inwhich Al accel eratesanays sand distribution.

What Al Must Enable

To function meaningfully inMDO, Al must achievefour outcomes. First, convergence: therapid and
continuousintegration of diversecapabilitiesacrossdomains, incudingintelligence devel opment and survelllance
tasking, even under € ectromagnetic disruption. Second, optimization: strikingright target & right timethrough
efficient pairing of sensors, shootersand effects. Third, synchronization: merging situationa awareness, fires,
maneuver and sustainment so that brief windows of domain superiority can be created and exploited. Findly,
speed of awarenessand action: identifying decisive conditionsearly, visualizing them and enabling rapid re
tasking to compressthe detect decide deliver cyclewithout eroding integrity of command.

Narrow Al and General Al Designing for Today, Not Tomorrow

Narrow Al, sometimescalled weak Al, isdes gned for specific tasksand aready permeatescivilianlife
through trand ation engines, voi ce ass stants and recommendati on systems. In military settings, such models
must be composable and i nteroperable so that specialized algorithmsimagery recognition, signa anaysis,
route optimization can be sequenced into missionworkflows. Generd Al, or Artificial Generd Intelligence,
capabl e of crossdomain reasoning, remainstheoretical. Operationa design should therefore concentrate on
fielding robugt, testable narrow Al toolsthat are auditable and resistant to adversaria manipulation.

Al inthelndian Army: Momentum and Opportunities

Indian Army has begun integrating Al across multiplefunctional areas: intelligence, surveillance,
reconna ssance, autonomousvehicles, cybersecurity, training s mulation and predictiveandytics. Demondrations
of droneswarmsandAl drivenimagery exploitation, dongwithinstitutiona mechanismssuch asDefenceAl
Council and the DefenceAl Project Agency, show adetermined nationa approach. Partnershipswith public
and privateindustries, including collaborationswith BEL on predictive and generativeAl, are expanding.
Theseinitiativessignal ashift toward dual useinnovation but a so underscore need for standardized data
governance, transparent validation frameworks and commander education to cultivate trust in Al
recommendations.

Two Practical Development Paths

First pathway isAl enabled Dataand Applications Fusion Model designed to link command and
control, firesupport and i ntelligencefunctionsthrough layered integration. At the edge, onboard Al performs
initia exploitation of sensor data; asecond layer fuses outputsacrossISR.

Second pathway istheAl enabled Military Decision Making Process (MDMP), focusinginitially on
mission analysis. Here, staff tasks can beranked according to war fighter benefit and technical feasibility.
Immediate automationispossiblefor activitiessuch asinitid |PB preparation, assessment of asset availability
and shortfdls, identification of constraints, collation of factsand assumptions, optimization of time plansand
generation of draft warning orders. Tasksrequiring further research include automated parsing of higher
headquartersdirectives, extraction of specified andimplied tasks, probabilistic risk assessment and narrative
generationfor information operations. Command intent, ethica review and find approva must remain human
responghilities.
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Recommended Application Areasin MDO

Al should beapplied to I SR fusion by integrating multi sourceintelligencewith confidence measures
and automated derts; to real timetargeting through collateral damage estimation and sensor to shooter pairing;
to network management through adaptive routing under el ectronic attack; to coordination of uncrewed aeria
and ground systemsthrough decentralized task all ocation; and to operationa planning through Al assisted
course of action generation and red teaming.

Design Principles for Human Al Teaming

Effective military Al must function asacognitive assistant rather than asubstitute for command. It
should providetransparent reasoning, confidence level sand traceabl e evidence. Hybrid collaboration where
algorithms supply speed and humans supply context ensures bal anced judgment. Systems should manage
cognitiveload by filtering irrd evant dataand highlighting anomdies. Trust must bebuilt through shadow mode
testing, validationin exercisesand clear interfacesthat display how recommendationsare derived.

Al Enabled Mission Analysis Automate What Matters

Immediate opportunitiesliein automated |ayering of terrain and sensor imagery, red timeinventory of
availableassets, constraint extraction from rules of engagement, dynamic time budgeting and semi automatic
generation of warning orders. Research prioritiesindudenaturd language mode s capabl eof parsing operationa
orders, Bayesianrisk estimati on that quantifiesuncertainty and machine generated narrative frameworksaigned
with commander’s intent. Command judgment, ethics and political considerations must remain human
prerogatives.

Data, Models and the Adversary

MDO dataareoftenincompl ete, deceptive and noisy. Al model s must therefore express uncertainty
explictly through confidenceand provenancetags, remainrobust to adversarid spoofingand perform gracefully
in degraded communi cation environments. They must enforce strong datagovernance and security across
codition networkswhileallowing rapid retraining asnew dataarrive.

Metrics That Matter

Evaluation of Al incommand contexts should track time saved between detection, decison and effect;
the accuracy and reliability of recommendations; the rate at which commanders accept or override Al
suggestions, resilience under jamming or deception; and interoperability with dlied systems.

Recommended Research Lines for a Defence Al Program

Futureresearch should addressswarmintel ligencefor decentraized operations, predictivebattleanays's
that antici patesescal ation, pre emptivelogi stics optimization to forecast supply shortages, cognitivedomain
defence againgt misinformetion, quantumingpired a gorithmsfor |arge sca e optimization and quantum resi stant
cryptography for secureAl mediated command networks.

I mplementation Roadmap

A redlistic near term roadmap involvesidentifying afew priority missionthreadssuch ascounter UAS
defence, brigadelevel 1SR fusion, maritimeinterdiction, or contested | ogi sticsand establishing reliable data
pipelinesfor them. Narrow, composable Al model s should be built for each sub task and linked through
workflow enginesrather than one massive system. Essential inferences must run at the edge with central
retrai ning when bandwidth permits. Human on theloop interfaces shoul d provide explanations and easy
overridefunctions. Field trialsshould progress from simulation to shadow mode and then live exercises,
feeding resultsinto doctrine, training and tactical publications.
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CONCLUSION

Artificid inteligence hasemerged asatempo technol ogy that compressesdecisoncycdes, scaesanayss

acrossdomai ns and enables 9 multaneous employment of joint capabilities. The successof MDO will depend
not merely on acquiringAl toolsbut on integrating them responsibly through modular narrow Al solutions,
explicit uncerta nty management, adversaria robustnessand transparent interfacesthat el evaterather than
obscure human judgment. Beginning with mission analysisand ISR fusion, militariescan achieveimmediate
efficiency gainswhilepreparing for richer crossdomain synchronization. Thegoal isnot totransfer command
authority to algorithmsbut to arm commanders with faster, clearer and moretrustworthy insights so that
decisive action can outpace the adversary’s decision loop while preserving the ethical, legal and strategic
primacy of human control.
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