PlayStation Physics Engineering
Collision Detection, Rigid-Body Simulation, Character Motion, and Deterministic Gameplay
Imad Muratspahic
Copyright
Copyright © 2026 Imad Muratspahic.
All rights reserved.
This book is an independent educational work. Platform-specific implementation details should be verified against the licensed developer documentation for the target platform.
Front Matter
PlayStation Physics Engineering

Collision Detection, Rigid-Body Simulation, Character Motion, and Deterministic Gameplay
Collision Detection, Rigid-Body Simulation, Character Motion, and Deterministic Gameplay

Author: Imad Muratspahic

Edition: Practical cross-generation engineering guide

Scope and Technical Conventions
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This book describes portable physics-engine design for games developed across PlayStation generations, from tightly constrained early-console projects to modern multicore systems. It is not a substitute for a licensed platform SDK, and it does not assume that one API or hardware feature is available on every console. Code is presented as standard C/C++-style pseudocode unless explicitly stated otherwise. Validate platform-specific threading, memory, timing, graphics, and input behavior against the documentation for the target development kit.

The book uses SI-like world units by convention: one world unit is treated as one metre unless a game deliberately chooses a different scale. Angles are shown in radians in code unless a function name says otherwise. Time is measured in seconds. These conventions are not requirements imposed by PlayStation hardware; they are choices that make the engine easier to reason about.
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Introduction
Introduction

Physics in a game is not an isolated simulation that produces a universally correct answer. It is a real-time service that must deliver plausible, responsive, stable results within a budget. It competes with animation, AI, audio, streaming, rendering preparation, networking, and gameplay code for CPU time and memory. A physics design can be mathematically elegant and still fail as a game system if it introduces unpredictable input latency, unstable stacks, irreproducible network behavior, or expensive spikes in crowded scenes.

The useful engineering objective is therefore controlled approximation. Decide which phenomena affect player perception and game rules, represent those phenomena with the simplest model that remains robust, then measure the cost and failure modes. A racing game may need stable suspension and tire forces but can simplify loose debris. A platformer may need a carefully tuned character controller and reliable ground detection but gain little from fully simulated furniture. A cinematic action game may use rigid bodies for impacts and switch to authored animation for important poses.

Across console generations, the broad principles remain consistent even as memory capacity, CPU parallelism, graphics capability, storage throughput, and developer tooling change. Fixed-step simulation, robust collision filtering, clear ownership, repeatable tests, and measured budgets are still valuable. Newer hardware can execute more work, but it can also encourage systems to become larger and less predictable. The book focuses on the engineering decisions that scale across those changes.

1. Physics as a Game-System Contract
1. Physics as a Game-System Contract

A physics subsystem should publish a contract to the rest of the engine. That contract specifies when the world advances, which state is authoritative, how collisions are reported, what coordinate and unit conventions are used, and when results become safe for gameplay, animation, and rendering to read. Without these rules, individual features silently adopt different assumptions. One system teleports a body by editing its transform, another expects velocity-based movement, and a third caches a contact that is now invalid.

A practical world step has explicit phases: apply queued commands, update kinematic targets, synchronize broad-phase proxies, generate candidate pairs, perform narrow-phase tests, update contact constraints, solve constraints, integrate state, perform position correction, publish events, and commit a read-only snapshot for consumers. The exact order varies by engine, but the order must be documented. Events should not mutate the world halfway through a solver iteration. Instead, callbacks enqueue commands that are applied at a known boundary.

Separate authoritative simulation state from presentation state. Physics owns position, orientation, linear velocity, angular velocity, inverse mass, collision shape, and solver caches. Animation may own a visual pose. Rendering interpolates between physics snapshots. Gameplay stores semantic state such as whether a door is unlocked or whether a character can be climbed. A rigid body should not become a general-purpose storage location for unrelated gameplay flags.

Define body types deliberately. A static body has no simulated motion and may be optimized in the broad phase. A dynamic body responds to forces and constraints. A kinematic body follows an externally controlled trajectory and can affect dynamic bodies without itself being accelerated by them. A sensor participates in overlap detection but does not produce solid contact response. Some engines combine these distinctions, but the behavior must remain clear to callers.

Commands should describe intent: set a kinematic target, apply an impulse, wake a body, change a filter, or request a teleport. Teleportation is not ordinary movement. It should invalidate or rebuild contact caches, update spatial proxies, and decide whether velocity is preserved. A clean command boundary prevents half-applied state changes from corrupting a step.

Engineering rule: if a physics behavior cannot be described in terms of ownership, timing, units, and state transitions, its implementation is not ready to be shared across systems.

Contract details: ownership, query timing, and event semantics

A useful contract also states when queries observe the world. A raycast executed after command application but before integration answers a different question from one executed after the solver. Name the phases and either restrict queries to a phase or expose explicit snapshots. Gameplay should never depend on a query silently observing half-updated broad-phase proxies. For common patterns, provide functions such as queryWorldBeforeStep or queryCommittedSnapshot rather than a generic query whose timing is undocumented.

Events need stable semantics too. Decide whether contact-begin is emitted when a pair first overlaps, when it first generates a solver contact, or when the solver applies a non-zero impulse. These definitions differ for sensors, speculative contacts, and resting pairs. Include the body and shape handles, a monotonically increasing event sequence, and a reason when practical. Consumers must tolerate begin and end events arriving in the same simulation step when an object briefly enters and leaves an overlap during fast motion.

A reliable boundary can be expressed as a command buffer:

struct PhysicsCommand {
    uint32_t targetHandle;
    uint32_t targetGeneration;
    CommandType type;
    CommandPayload payload;
};


Generation checks prevent a queued command from acting on a recycled object slot. Apply commands in a documented order, sort commands where order must be deterministic, and record rejected commands in development builds. This small discipline prevents bugs that otherwise appear to be random collision failures.
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2. Coordinate Systems, Units, and Scale Discipline
2. Coordinate Systems, Units, and Scale Discipline

Choose a world coordinate system and make it explicit. Specify the up axis, handedness, angle convention, transform composition order, and whether matrices use row-vector or column-vector conventions. A matrix expression that is correct under one convention can be wrong under another while still producing visually plausible results in a simple scene. Record the convention in engine documentation and encode it in function names where ambiguity is likely.

Units are equally important. If one game treats one unit as one metre while another treats one unit as one centimetre, gravity, velocity thresholds, collision tolerances, and camera near planes cannot be copied unchanged. Scale affects numerical conditioning. A large world coordinate combined with a tiny collider can lose precision when both are represented with finite precision. World-origin shifting, sector-local coordinates, or double-precision bookkeeping may be useful for large worlds, but physics calculations still need a controlled local scale.

Normalize quaternions when integration drift makes their length diverge from one. Reject invalid transforms at subsystem boundaries rather than allowing NaNs to travel into collision tests. Transform collision shapes carefully: non-uniform scale can turn a sphere into an ellipsoid, but many simple engines only support rigid transforms plus uniform scale. If an unsupported transform reaches the physics system, either bake the scale into the collision geometry or report a validation error.

Tolerances should be based on the chosen scale. A single global epsilon is rarely appropriate for every operation. Use separate tolerances for near-zero vector length, contact separation, angular comparison, matrix inversion, and penetration
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