The Tank Mechanic
Physics & Traction Hierarchy:
· The tank uses a hierarchical physics system. A WheelManager coordinates two Track objects, which in turn communicate with individual Wheel components.
· Traction is calculated realistically: forces are applied only when wheels physically collide with the ground using raycasting. I moved beyond simple LinearVelocity to implement realistic sideways friction using Vector3.Dot to calculate slide speed, and gradual throttle using a RevSpeed parameter.
· Each track calculates its TractionPercent by counting grounded wheels. More grounded wheels = more friction applied via AddForceAtPosition.
Suspension System (Hooke's Law):
· Six of the internal wheels use Hooke's Law for suspension: F = -kx - cv, where k is stiffness, x is displacement, and c is damping.
· Using SpringProfile ScriptableObjects, the tank's feel can be adjusted from a stiff military vehicle to a 'bouncy monster truck' by tweaking spring and damping presets.
· The suspension applies force at each wheel's position using Rigidbody.AddForceAtPosition, and the visual wheel position is updated using localPosition to simulate compression.
Wheel Alignment (Horizontal Spring):
· Each wheel has a horizontal stabilization spring that prevents wobble. Using Vector3.Cross to find the alignment error between the wheel's axle and the suspension arm's axle, I apply a corrective torque: (alignmentError * springStrength) - (wobbleComponent * damping).
Speed & Throttle:
· The tank's speed is realistic, with a MaxSpeed of 15 m/s (approximately 27 mph, based on M4 Sherman specifications). The throttle gradually ramps up using a RevSpeed parameter to simulate engine acceleration.
· Turning uses a composite overdrive model: when turning, one track spins faster (up to an OverdriveLimit of 1.5x-2x) to simulate modern tank pivot logic.
Combat & Camera System:
· The tank features a three-tier camera system using Cinemachine: 
· Third-person follow cam (with zoom via CameraDistance manipulation)
· Aim cam (triggered on right-click, with projected vector aiming)
· First-person cam (toggled via input, switching CinemachineCamera.Priority)
· The camera auto-snaps to the tank's movement direction after a short delay using a coroutine (C_AimEndDelay), but not when stationary.
· Aiming uses projected vectors to calculate where the bullet will land based on the camera's forward direction.
Bullet System & Object Pooling:
· The combat system uses Object Pooling via the AmmoPool class to maintain performance.
· Three bullet types: 
· Basic: Standard bullet
· FMJ: Fires with a longer cooldown (1.5s vs 0.5s), could support penetration logic
· Double: Fires two bullets in a burst with a DoubleBurstDelay between shots
· The pool dynamically expands if bullets run out, and automatically shrinks back to the default size limit when bullets are returned (via ReturnBullet).
· Bullets use VFX on collision (Instantiate explosion prefab) and trigger Cinemachine Impulse for screen shake.

The ECS Wave Spawner
The Full Pipeline:
1. Scripted Importer (TomBenImporter):
· Parses external .tomben files using a custom TomBenBlockParser.
· Creates a TomBenWaveData ScriptableObject containing Units, Clusters, and Waves.
2. Deferred Baking (WaveSpawnerCreateSingletonSystem):
· Reads the SpawnerDataWrapper (managed data) from WaveSpawnerDataAuthoring.
· Converts managed ScriptableObject data to unmanaged ECS components (SpawnerDataSingleton).
· Builds NativeHashMap structures for fast lookup of units, clusters, and waves by ID.
3. Wave Spawner System (WaveSpawnerSystem):
· Processes waves sequentially, checking for trigger conditions (time delay, population cap).
· Sets the EnemySpawnerComponent based on the current WaveRule (either individual unit or cluster).
4. Enemy Spawner System (EnemySpawnerSystem):
· Runs the EnemySpawnerJob in parallel using ScheduleParallel.
· Spawns enemies in an elliptical pattern using sine/cosine: 
C#
float x = spawner.spawnPos.x + math.sin(elapsedTime * 2f) * 5f;
float z = spawner.spawnPos.z + math.cos(elapsedTime * 2f) * 3f;
· Uses EntityCommandBuffer.ParallelWriter for thread-safe entity creation.
5. Prefab Assignment via Inspector:
· The WaveSpawnerDataAuthoring has a List<PrefabEntry> where you assign unit types to prefabs (e.g., Goblin → Square Mesh).
· Prefabs are stored in a DynamicBuffer<UnitPrefabElement> and looked up by ID at runtime.
Enemy Behavior:
· Enemies use the EnemyMoveJob to move toward the player using physics velocity interpolation.
· Collision detection uses tag comparison (EnemyComponent vs PlayerComponent) with a collision radius (m_AttackRange).
· Damage is applied via a DynamicBuffer<DamageBufferElement> processed by the EnemyDamageSystem.

Research & Decision Making
The Technical Pivot (ECS Architecture)
Managed vs. Unmanaged Data:
· A major decision involved the Camera System. While the simulation is unmanaged for performance, Cinemachine requires managed data.
· I implemented a hybrid system: a CameraControllerSystem (managed SystemBase) updates a fake GameObject proxy that tracks the player entity.
· This proxy uses ICleanupComponentData (CameraCleanupComponent) to ensure it's destroyed when the player entity is removed, preventing memory leaks.
· The proxy is created dynamically, assigned HideFlags.DontSaveInEditor, and moved to the Cinemachine camera's scene using SceneManager.MoveGameObjectToScene.
System Grouping & Burst Compilation:
· To maximize performance, I organized systems into specific ComponentSystemGroups: 
· PlayerUpdateSystem runs in FixedStepSimulationSystemGroup and is ordered before PhysicsSystemGroup to ensure physics data is ready.
· CameraControllerSystem runs in PresentationSystemGroup to update after all physics/movement.
· The EnemySpawnerJob and PlayerMoveJob use Burst Compilation and parallel processing via ScheduleParallel.
· Initially, jobs required direct chunk access ([ChunkIndexInQuery]), but I refactored the damage system to use a cleaner DynamicBuffer approach.
Reflection: The Change in Approach
The Struggle with Update Order (Player Jump Issue)
· One of the most difficult hurdles was the Player Jump.
· Because of how data passes through systems, the jump flag would often override itself in the same frame due to the Update Group order.
· I had to implement a 'mini-system' specifically to reset the jump flag on the next frame using a cooldown timer (m_JumpCooldownTimer).
· This taught me that in ECS, timing is everything—understanding the System Update Order is as important as the code itself.

Refining the Hierarchy (SOLID/KISS Principles)
· My approach to the Tank changed from 'one big script' to a strict SOLID/KISS hierarchy: 
· WheelManager → Track → Suspension → Wheel
· Each level has a single responsibility.
· Getting the wheel torque right 'messed with my head,' but by breaking it down so WheelManager only speaks to Tracks, and Tracks speak to Wheels, the complexity became manageable.
· Similarly, refactoring the Spawner from a basic script that 'hardly worked' to a Scripted Importer pipeline has made the system professional and extensible.

UI Grouping & Tweaking
· The UI was a pain to get right—lots of iteration on layout and grouping.
· I used UI Toolkit (formerly UIElements) to ensure scalability, and tweaked the hierarchy extensively to get proper event handling and responsive layout.
· 
Lighting & Polish
· The lighting was challenging—balancing realistic shadows with performance.
· I used baked lighting where possible and dynamic lights for the tank's headlights, ensuring the scene felt immersive without tanking frame rates.

Future Improvements
· While the collision radius system for enemies works well, I would next like to transition the enemies into ECS tanks themselves, giving them 'wander' states and random damage variables to fully utilize the parallel processing power I've unlocked.
· I could also improve the Wave Spawner by adding conditional triggers (e.g., spawn a boss when 50% of enemies are dead) and spawn formation patterns (e.g., V-formation, circular).


Research Source A: Real-World Tank Friction (War Thunder Wiki, 2024)
· Research into War Thunder's driving models showed that arcade 'linear velocity' feels floaty.
· By implementing sideways friction (Vector3.Dot for slide speed) and a composite turn model (overdrive on one track), I moved the tank from a 'straight-line' prototype to a vehicle that auto-stops and turns realistically.

Research Source B: Spawn Logic (Rogers, 2021)
· I initially struggled with the Wave Spawner reading data. The parser worked, but the data wasn't reaching the ECS world.
· Researching 'Asynchronous Initialization' (Rogers, 2021) led me to separate the spawner's logic from its data.
· I looked into IEnableableComponent but decided against it. Instead, I used component data flags (e.g., PlayerComponent.m_IsStopped) to toggle movement jobs via the Space key.
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