
2.4   TRANSFORMATION INVARIANTS: 

 

Transformation invariants are properties or characteristics of objects that remain unchanged under 

specific transformations. In computer graphics, understanding transformation invariants is crucial 

for preserving certain aspects of objects despite changes in position, orientation, or scale. Common 

transformation invariants include: 

 

1. TRANSLATION INVARIANCE: 

- Certain properties of objects, such as their center of mass or geometric features, remain 

invariant (unchanged) under translation (movement) operations. 

 

2. ROTATION INVARIANCE: 

- Rotation invariance implies that certain properties of an object, such as its orientation or angular 

relationships between components, remain constant under rotational transformations. 

 

3. SCALE INVARIANCE: 

- Scale invariance indicates that certain properties of an object are preserved regardless of 

changes in size or scale. For example, the aspect ratio of an object may remain constant. 

 

4. AFFINE INVARIANCE: 

- Affine transformations include combinations of translations, rotations, scalings, and shears. 

Affine invariance implies that certain geometric relationships and ratios are maintained under such 

transformations. 

 

5. INVARIANT DESCRIPTORS: 

- Invariant descriptors are specific features or characteristics of an object that are designed to 

remain constant or exhibit predictable behavior under various transformations. 

 

OBJECT HIERARCHIES: 

 

 

Object hierarchies refer to the organization of objects in a structured manner, often in a tree-like 

or parent-child relationship. In computer graphics and 3D modeling, object hierarchies play a 

significant role in managing complex scenes, animations, and simulations. Key concepts related to 

object hierarchies include: 

 

1. PARENT-CHILD RELATIONSHIPS: 

- Objects in a hierarchy can be designated as parents or children. A child object inherits 

transformations from its parent, allowing for hierarchical transformations. 

 

2. TRANSFORMATION CASCADING: 

- Hierarchical transformations involve cascading transformations down the hierarchy. A 

transformation applied to a parent affects its children, creating a coherent and structured 

transformation flow. 



 

3. BONE HIERARCHIES IN SKELETAL ANIMATION: 

- In skeletal animation, a skeleton is often organized as a hierarchy of bones. Each bone 

influences the deformation of the connected mesh, facilitating realistic character 

animations. 

 

4. GROUPING AND ORGANIZATION: 

- Object hierarchies are used for grouping related objects together, allowing for efficient 

organization and manipulation of components in a scene. 

 

5. SCENE GRAPHS: 

- A scene graph is a graphical representation of the hierarchical structure of a scene. It 

includes nodes for objects, transformations, cameras, lights, and other elements. 

 

6. TRANSFORMATION INHERITANCE: 

- Objects lower in the hierarchy inherit transformations from their parent objects. This 

simplifies animation and manipulation by allowing for a more intuitive control structure. 

 

7. EFFICIENT ANIMATION: 

- Object hierarchies streamline the animation process. For example, moving a parent 

node can animate an entire subtree of objects, making it easier to create complex 

animations. 

 

8. ORGANIZING COMPLEX SCENES: 

- In large and complex scenes, object hierarchies aid in managing and organizing objects, 

facilitating efficient rendering and interaction. 

 
 


