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ABSTRACT

This paper presents NORAD War Simulator, an open-source cross-platform game built
on the Godot 4.2 engine that models nuclear command, control,  and missile defense
operations with a high degree of physical realism. The simulator features a globe-based
Earth  environment  with  accurate  geography,  three-phase  ballistic  missile  trajectory
modeling  (boost,  midcourse,  and  terminal),  and  a  layered  early  warning  network
comprising DSP, SBIRS, and GPS-III satellite constellations. Players engage with multiple
interceptor  systems—GBI,  THAAD,  and  Patriot—each  modeled  with  distinct  kinematic
properties,  engagement  envelopes,  and  kill  probabilities.  The  game  implements  a
DEFCON escalation system that governs readiness states, force posture, and available
responses.  We  describe  the  simulation  architecture,  physics  models,  game  design
philosophy,  and educational  value of  the system, including its  scenario editor,  eight-
mission  campaign  with  technology  progression,  and  cooperative  and  competitive
multiplayer  modes.  The  project  demonstrates  that  serious  gaming  can  effectively
communicate  the  complexity  and  stakes  of  missile  defense  decision-making  while
maintaining engaging gameplay. 

Keywords: serious  games,  missile  defense,  ballistic  trajectory  simulation,  early  warning satellites,
NORAD, DEFCON, game design, Godot engine
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1. Introduction: Serious Games for Defense

Serious  games—games  designed  for  purposes  beyond  entertainment—have  a  long  and
productive history in military training and education. From the Kriegsspiel war games of
19th-century  Prussia  to  the  modern  simulations  employed  by  staff  colleges  worldwide,
interactive models of conflict have proven their value in developing understanding, testing
doctrine,  and  building  intuition  under  pressure  [1].  The  digital  era  has  dramatically
expanded  the  accessibility  and  fidelity  of  such  simulations,  enabling  distributed
participants to engage with complex systems from desktop environments. 

Missile  defense  presents  a  uniquely  challenging  domain  for  simulation.  The  physics  of
ballistic flight are well-understood—governed by gravitational dynamics, atmospheric drag,
and  propulsion  parameters—yet  the  operational  decision  environment  is  extraordinarily
complex.  Commanders  must  interpret  noisy  sensor  data,  allocate  limited  interceptor
resources  across  multiple  inbound  threats,  manage  escalation  ladders,  and  make
irreversible decisions under severe time pressure. The consequence of error is catastrophic. 

NORAD War Simulator addresses this gap by providing an interactive, physically-grounded
simulation of nuclear command and missile defense operations. Built as an open-source
game on the Godot  4.2  engine,  it  balances  accessibility  with  realism:  trajectories  follow
actual ballistic physics, satellite detection models reflect the layered architecture of the U.S.
early warning network, and interceptor systems exhibit distinct operational envelopes. At
the same time, the game structure—with scenarios, campaigns, and multiplayer modes—
ensures that engagement drives learning. 

This  paper  describes  the  simulation  architecture,  physics  models,  game  design,  and
educational potential of NORAD War Simulator. The project is released under the MIT license
at github.com/wezzels/norad-war-simulator  and is currently at version 0.5.0-alpha. 

2. Game Design

2.1 Globe and Earth Model

The  simulator's  primary  interface  is  a  three-dimensional  globe  representing  Earth  with
accurate continental outlines, national borders, and terrain features. This is not a stylistic



choice alone—it is fundamental to the simulation's physical fidelity. Missile trajectories are
computed in a spherical coordinate system, and the curvature of the Earth directly affects
engagement geometry, sensor horizons, and interceptor reach. 

The globe model supports: 

Accurate geography: Coastlines, major cities, and strategic targets are positioned at
their real-world coordinates, enabling scenarios that reflect actual threat geometries.

Rotation and orbital mechanics: The Earth rotates beneath the simulation, affecting
launch azimuths, satellite ground tracks, and sensor coverage windows.

Zoom and camera control: Players can rotate from strategic (hemisphere-level) to
tactical (theater-level) views, adjusting their perception of the battlespace.

Target infrastructure: Silos, air defense batteries, command centers, and population
centers are rendered at geographically correct positions.

This  globe-centric  design  ensures  that  the  spatial  relationships  that  define  real-world
missile  defense—sensor  horizon  limits,  interceptor  flight  times,  and  the  geometry  of
engagement—are preserved and experienced directly by the player. 

2.2 DEFCON Escalation System

The  Defense  Readiness  Condition  (DEFCON)  system  governs  the  operational  posture
available to the player. Borrowed from real U.S. military doctrine, DEFCON levels range from
5 (lowest  readiness)  to 1  (maximum readiness,  nuclear  war imminent).  In  the simulator,
DEFCON operates as both a strategic mechanic and a narrative device: 

DEFCON Condition Gameplay Effect

5
Normal
readiness

Minimal sensor coverage; interceptors on standby; reduced
situational awareness

4
Increased
readiness

Enhanced satellite monitoring; interceptors brought to alert;
preliminary track data available

3
Heightened
readiness

Full early warning online; interceptors ready for launch;
threat assessment active

• 

• 

• 

• 



DEFCON Condition Gameplay Effect

2 High readiness
Weapons free for designated threats; all sensors tracking;
commander authority for engagement

1
Maximum
readiness

Nuclear war; all interceptors launch-capable; shoot-on-sight
for inbound threats; survival mode

The DEFCON system introduces a strategic dimension beyond pure tactics. Escalating too
early wastes resources and political capital; escalating too late means insufficient warning
time  and  reduced  interceptor  availability.  Players  must  read  the  strategic  situation—
intelligence  reports,  launch  detections,  diplomatic  signals—and  adjust  readiness
accordingly. 

2.3 Game Modes Overview

NORAD War Simulator offers four primary game modes: 

Scenarios (6 built-in): Pre-designed situations with specific objectives, threat profiles,
and victory conditions. These serve as both tutorials and historical "what-if"
explorations.

Campaign (8 missions): A progressive narrative arc with technology unlocks, increasing
difficulty, and persistent consequences between missions.

Scenario Editor: A full-featured tool allowing players to create custom threat
configurations, force dispositions, and victory conditions.

Multiplayer: Both cooperative (joint defense against AI threats) and competitive
(asymmetric attack/defense) modes with networked play.

3. Ballistic Physics and Trajectory Modeling

The core physics engine of NORAD War Simulator models ballistic missile flight across three
distinct  phases,  each  governed  by  different  dominant  forces  and  presenting  different
challenges to the defense. The simulation integrates trajectories numerically, accounting for
gravitational acceleration, atmospheric drag, thrust profiles, and Earth's rotation. 
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2. 
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3.1 Boost Phase

During boost phase, the missile is under powered flight. The simulation models: 

Thrust profile: Engine burn rates and specific impulse that produce realistic
acceleration profiles. Early ICBM boost phases last 4–5 minutes for solid-fuel systems
and up to 6 minutes for liquid-fuel designs.

Atmospheric drag: Below the Karman line (100 km), drag forces are computed as F
d
 =

½ ρ v² C
d
 A, where density ρ is modeled using an exponential atmosphere

approximation.

Infrared signature: The intense heat of the rocket plume makes boost-phase missiles
the most detectable objects in the simulation, visible to DSP/SBIRS sensors within
seconds of launch.

Tracking initiation: Boost-phase detection allows the defense to begin predictive
tracking, estimating the impact point and establishing a fire control solution before the
missile reaches midcourse.

BOOST PHASE

(0-5 min)

• Thrust

• Atmospheric drag

• IR bright

• Trackable

MIDCOURSE PHASE

(5-25 min)

• Exoatmospheric

• Gravitational arc

• Decoys deploy

• Track/identify

TERMINAL PHASE

(30-60 sec)

• Reentry drag

• High Mach

• Maneuvers?

• Final intercept

• Kill assess

• 

• 

• 

• 



3.2 Midcourse Phase

The midcourse phase is the longest and most challenging segment of the trajectory. After
motor burnout, the missile (now a re-entry vehicle or bus) follows a ballistic arc through the
near-vacuum of exoatmospheric space: 

Gravitational dynamics: Trajectory computation follows a two-body Keplerian model
with perturbations for Earth oblateness (J2 term). The resulting elliptical arcs accurately
represent the flight path geometry.

MIRV dispensing: For MIRV-capable systems, the bus maneuvers to release multiple
independently-targeted re-entry vehicles. Each RV follows a separate ballistic arc to its
designated target.

Penetration aids: The simulator models decoy deployment—balloons, chaff, and replica
RVs—that challenge the discrimination capabilities of midcourse sensors. The defense
must distinguish lethal objects from decoys to allocate interceptors effectively.

Midcourse intercept window: This is the primary engagement zone for GBI
interceptors, which must be launched with sufficient lead time to reach the intercept
point. The "shoot-look-shoot" doctrine is modeled, allowing assessment of first-shot
effectiveness before committing remaining interceptors.

3.3 Terminal Phase

The final 30–60 seconds of flight, where the RV re-enters the atmosphere at speeds of 4–7
km/s: 

Atmospheric re-entry: Drag decelerates the RV and filters out lightweight decoys
(which slow and burn up), providing a natural discrimination mechanism. Only heavy,
thermally robust objects survive to impact.

High Mach engagement: The closing velocities in terminal phase are extreme, requiring
interceptor systems with very short decision cycles. THAAD and Patriot systems operate
in this regime.

Final intercept geometry: The simulator computes endgame geometry including
seeker acquisition range, divert capability, and kill vehicle kinematics, producing
probability-of-kill estimates for each engagement.

• 
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• 
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Blast and effects modeling: Successful intercepts and ground impacts produce visual
and mechanical effects proportional to yield, communicating the stakes of failure.

4. Early Warning Network

A cornerstone of the simulation's realism is its modeling of the U.S. satellite-based early
warning architecture. Detection is the first link in the kill chain, and the simulator presents it
as a layered system with distinct capabilities, latencies, and vulnerabilities. 

4.1 DSP Satellite Constellation

The Defense Support Program (DSP) constellation represents the legacy tier of space-based
infrared warning. In the simulator: 

Detection latency: DSP sensors detect boost-phase infrared signatures, but with a
characteristic latency reflecting their scanning architecture (rotating sensors with a ~10-
second scan period).

• 

LAUNCH EVENT

DSP

(Legacy)

SBIRS

(Enhanced)

GPS-III

(Auxiliary)

FUSION CENTER

Track / ID / Threat Assess

WEAPONS ASSIGN

& FIRE CONTROL

• 



Geostationary positioning: DSP satellites maintain fixed coverage of their assigned
Earth sectors. The player sees their field-of-regard as a colored overlay on the globe.

Limitations: DSP cannot track midcourse objects (no infrared signature in the cold of
space) and provides limited trajectory prediction accuracy. This models the real system's
capabilities and motivates the transition to SBIRS.

4.2 SBIRS Enhanced Detection

The Space-Based Infrared System (SBIRS) represents the modern, more capable tier: 

Staring sensors: Unlike scanning DSP, SBIRS includes staring sensors that provide
continuous coverage with lower detection latency (seconds rather than tens of seconds).

Improved track accuracy: SBIRS provides more precise trajectory estimation, reducing
the uncertainty ellipsoid around predicted impact points and improving fire control
solutions.

Midcourse awareness: While IR-based detection of cold objects remains limited, SBIRS
provides enhanced cueing to ground-based radars, improving overall track quality.

Strategic depth: In campaign mode, SBIRS satellites can be targeted by anti-satellite
weapons, creating a degradation dynamic that forces adaptation.

4.3 GPS-III Space-Based Sensors

The simulator also models GPS-III satellites as auxiliary sensor platforms carrying nuclear
detonation (NUDET) detection payloads: 

NUDET sensing: GPS-III payloads detect nuclear detonations in the atmosphere and
space, providing damage assessment and confirming whether an interceptor achieved a
nuclear kill (versus a conventional debris field).

Positioning augmentation: GPS-III supports precision timing and geolocation for the
defense network, improving interceptor guidance solutions.

Constellation coverage: The medium-Earth-orbit constellation provides near-global
coverage, complementing the geostationary and highly-elliptical-orbit SBIRS
architecture.
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5. Interceptor Systems

The  simulator  models  three  tiers  of  interceptor,  each  reflecting  real-world  systems  with
distinct engagement envelopes, kinematic properties, and operational roles. This layered
defense architecture mirrors the actual U.S. missile defense strategy of engaging threats at
different altitudes and ranges. 

System Role Altitude Range Range Speed

GBI Midcourse intercept Exoatmospheric >2000 km ~7 km/s

THAAD Upper-tier terminal Endo/Exo transition ~200 km ~2.8 km/s

Patriot PAC-3 Point defense Endoatmospheric ~20 km ~1.6 km/s

5.1 Ground-Based Interceptors (GBI)

GBIs are the long-range, exoatmospheric interceptors designed for midcourse engagement.
In the simulator: 

Deployment: Based at fixed silo sites (modeled after Fort Greely, Alaska, and
Vandenberg SFB, California), with limited inventory that the player must manage
carefully.

Engagement geometry: GBIs require significant lead time—they must be launched
minutes before the intercept point is reached. This creates a decision window that
depends on threat trajectory, available track data, and DEFCON status.

Kill vehicle: The Exoatmospheric Kill Vehicle (EKV) is modeled with a finite divert
capability, meaning it can adjust its trajectory only within a limited envelope. If track
uncertainty exceeds the EKV's divert budget, probability-of-kill drops sharply.

Shoot-look-shoot: The simulator supports layered engagement doctrines. A player can
fire a first wave of GBIs, observe the results via sensor data, and then commit remaining
interceptors to surviving targets.

Inventory constraints: Limited GBI inventory (reflecting real-world constraints) forces
players to make difficult allocation decisions when facing raid scenarios with many
inbound threats.

• 

• 
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5.2 THAAD

The  Terminal  High  Altitude  Area  Defense  system  provides  upper-tier  terminal  intercept
capability: 

Engagement envelope: THAAD operates at the boundary of the atmosphere, engaging
targets at altitudes from ~40 km to ~150 km. This gives it a unique role: it can intercept
targets that are too low for GBI but too high for Patriot.

Mobile deployment: THAAD batteries are modeled as deployable assets that the player
can position to cover specific approach corridors or high-value targets.

Hit-to-kill: Like GBI, THAAD uses kinetic hit-to-kill technology. The simulator models the
narrow engagement window and the requirement for precise track data.

Radar dependency: THAAD's AN/TPY-2 radar provides fire control-quality track data,
but has a finite field of regard. Battery placement directly affects coverage.

5.3 Patriot PAC-3

Patriot is the point-defense layer, the last line of defense: 

Short-range, endoatmospheric: PAC-3 MSE interceptors engage targets within the
atmosphere at ranges of ~20 km and altitudes below ~15 km.

Reaction time: The extremely short engagement window means Patriot operators (the
player) must have the system in the correct readiness state well before impact. Late
DEFCON escalation can render Patriot useless.

High pk per round: Each PAC-3 MSE has a high single-shot probability of kill, but the
magazine is limited and reload time is significant. The player must manage fire doctrine
(shoot-shoot-look vs. shoot-look-shoot).

Area defense: Each Patriot battery covers a limited footprint, requiring careful
positioning to protect distributed high-value targets.
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6. Campaign and Progression

The  campaign  mode  provides  a  structured  8-mission  arc  that  teaches  missile  defense
concepts progressively while building a narrative of escalating crisis. Each mission unlocks
new capabilities and introduces additional complexity: 

Mission Focus New Systems Unlocked

1 Basic detection and single-threat engagement DSP, GBI

2 Multi-threat raid and shoot-look-shoot THAAD

3 Decoy discrimination SBIRS

4 Escalation management and DEFCON DEFCON rapid escalation

5 MIRV engagement and resource allocation Patriot PAC-3

6 Anti-satellite threat and sensor degradation GPS-III NUDET

7 Large-scale raid with layered defense All systems

8 Full-scale nuclear exchange Strategic reserve management

The  technology  tree  ensures  that  players  are  not  overwhelmed  by  the  system's  full
complexity at the outset. Each mission builds on the skills and knowledge from previous
ones, creating a natural pedagogical arc that mirrors actual training progression in missile
defense operations. 

Persistent  consequences  between  missions  mean  that  interceptor  inventory,  satellite
health, and infrastructure damage carry forward. A player who expends too many GBIs in an
early mission may face a critical shortage later, incentivizing efficient engagement doctrine
from the start. 



7. Scenario Design and Editor

Six built-in scenarios provide curated experiences that explore specific aspects of missile
defense: 

Solitary Threat: A single inbound missile—learn the detection-to-engagement pipeline.

Raid on the Pacific: Multiple inbound tracks from a maritime axis—practice allocation
under pressure.

Arctic Corridor: Polar approach tracks with compressed engagement timelines.

Decoy Storm: A raid heavy on penetration aids—test discrimination skills.

Blind Spot: Early warning satellites degraded—operate with reduced situational
awareness.

Full Spectrum: All threat types, all defense layers—the ultimate test.

The Scenario Editor allows players to create custom scenarios by specifying: 

Launch locations, azimuths, and target points

Missile types and MIRV configurations

Penetration aid loadouts

Available interceptor inventory and battery placements

Satellite constellation health and coverage

DEFCON starting state and escalation rules

Victory conditions and scoring parameters

Scenarios can be shared via Steam Workshop, enabling community-created content and
collaborative learning. 

8. Multiplayer Architecture

NORAD War Simulator supports two multiplayer paradigms: 

1. 

2. 

3. 
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8.1 Cooperative Mode

Multiple  players  share  the  defense  role,  jointly  managing  the  early  warning  network,
interceptor allocation, and engagement decisions. This mode emphasizes communication,
coordination,  and  distributed  decision-making—skills  directly  transferable  to  real-world
command post  operations.  Players  must  agree on DEFCON levels,  interceptor  allocation
priorities, and shoot doctrines. 

8.2 Competitive (Versus) Mode

Asymmetric  gameplay  where  one  player  (or  team)  controls  the  offense  and  the  other
controls the defense. The offensive player selects launch points, missile types, penetration
aids, and attack timing. The defensive player operates the full early warning and interceptor
chain. This mode creates a rich strategic interaction: the attacker must find gaps in sensor
coverage  and  saturate  interceptor  inventories,  while  the  defender  must  predict  attack
vectors and optimize resource allocation. 

The  multiplayer  architecture  uses  a  deterministic  simulation  core  with  input
synchronization, ensuring that all clients observe identical physics regardless of platform.
Latency  compensation  algorithms  handle  network  jitter  while  preserving  the  real-time
character of engagement decisions. 

9. Game Engine: Godot 4.2

NORAD War Simulator is built on Godot 4.2, an open-source game engine that offers several
advantages for this domain: 

Cross-platform deployment: Godot compiles to Windows, macOS, Linux, and web
targets, maximizing accessibility for educational use.

Scene-based architecture: The engine's node and scene system maps naturally to the
simulation's component hierarchy—satellites, missiles, interceptors, and radars are each
self-contained scenes with encapsulated behavior.

GDScript performance: While GDScript is slower than C++, Godot 4.2's typed arrays and
optimized physics server provide sufficient performance for the moderate entity counts
in missile defense scenarios (tens to hundreds of simultaneous objects, not thousands).

• 
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Custom physics integration: The simulation's ballistic trajectory computations run in a
dedicated physics layer that overrides Godot's built-in dynamics for missile objects,
while leveraging the engine's spatial queries and collision detection for intercept
geometry.

Shader and visual effects: Godot's shader language supports the atmosphere
rendering, missile trail effects, detonation visuals, and sensor overlay presentations that
make the simulation visually compelling.

Networking: Godot's high-level multiplayer API provides the synchronization layer for
cooperative and competitive modes, with built-in networked physics interpolation.

Steam integration: Through Godot's GDExtension system, the simulator integrates
Steam SDK functionality including achievements (18 defined), cloud saves, Workshop
content sharing, and leaderboards.

The total project size of approximately 4.4 MB reflects the efficiency of Godot's scene-based
asset  management  and  the  use  of  procedural  generation  for  the  globe  geometry  and
atmospheric effects, rather than relying on pre-rendered heavy assets. 

10. Educational and Training Value

NORAD War Simulator occupies a valuable niche between abstract strategic simulations and
classified operational trainers. Its educational contributions include: 

10.1 Systems Thinking

Missile  defense  is  a  classic  systems  problem:  sensor  performance  affects  track  quality,
which affects interceptor allocation, which affects defense coverage, which feeds back into
sensor tasking.  The simulator makes these interdependencies visible and experiential.  A
player  who  neglects  satellite  coverage  quickly  discovers  why  it  matters  when  incoming
threats go undetected. 

10.2 Decision-Making Under Pressure

The time-compressed environment of missile defense—minutes from detection to impact—
creates genuine decision pressure. Players learn to prioritize, to accept uncertainty, and to
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commit resources without perfect information. These are precisely the cognitive skills that
real operators must develop. 

10.3 Understanding the "Kill Chain"

The military kill chain—find, fix, track, target, engage, assess (F2T2EA)—is the process model
underlying  all  missile  defense.  By  requiring  players  to  execute  each  step  explicitly,  the
simulator  teaches  the chain's  dependencies  and failure  modes.  A  broken link  anywhere
(sensor outage, track loss, interceptor shortage) cascades into mission failure. 

10.4 Escalation Dynamics

The  DEFCON  system  teaches  that  readiness  is  not  free.  Escalating  posture  consumes
resources, creates political costs, and constrains options. The game's penalty for premature
escalation (and catastrophe for delayed escalation) models the real-world dilemma of crisis
decision-making. 

10.5 Public Engagement

Perhaps the simulator's most important educational function is making the complexity of
missile defense accessible to a general  audience.  Most citizens have no intuition for the
difficulty of hitting a bullet with a bullet at 7 km/s, the irreversibility of nuclear decisions, or
the  fragility  of  the  early  warning  chain.  By  experiencing  these  challenges  interactively,
players develop a more informed perspective on defense policy and the stakes of nuclear
deterrence. 

11. Conclusion

NORAD War Simulator demonstrates that physically accurate modeling of missile defense
systems is compatible with engaging gameplay. By grounding its mechanics in real ballistic
physics,  authentic  sensor  architectures,  and  operationally  representative  interceptor
systems, the simulator achieves a level of fidelity that supports genuine learning—not just
about what missile defense does, but why it is hard. 

The game's layered design—from the three-phase trajectory model to the multi-tier early
warning network to the graduated interceptor systems—mirrors the actual complexity of



the missile defense problem. Players who master the simulator have, in effect, internalized
the key constraints and trade-offs that real operators face. 

As an open-source project under the MIT license, NORAD War Simulator invites community
contribution, educational adaptation, and critical scrutiny. The scenario editor and Steam
Workshop integration enable collaborative content creation, while the multiplayer modes
support both cooperative training and adversarial exploration. 

Future development directions include expanded threat types (hypersonic glide vehicles,
fractional  orbital  bombardment  systems),  enhanced  sensor  modeling  (radar-specific
parameters,  electronic  warfare  effects),  and  integration  with  external  simulation
frameworks for use in formal training environments. 

The stakes of missile defense are existential. Understanding those stakes—through direct,
interactive  experience—is  a  contribution  that  serious  games  are  uniquely  positioned  to
make. 
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