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Abstract 

Methods for geometric transformations and object modelling in 3D are extended from 2D methods by including the 

considerations for the z coordinate. This research paper discuss about the 3D geometric transformations and how 

scaling, translation and rotation is been occurred. 

 

1. Introduction 

Three-dimensional computer graphics is called three-dimensional for several reasons. The graphics are generated by 

constructing a virtual 3D model which is then imaged, employing a physical simulation of illumination in three-

dimensional space. Much of the research in the field is aimed at creating an illusion of three-dimensionality. Devices 

such as perspective, physically realistic shading, focus, atmospherics, and 3D motion for animation have been 

investigated. A three-dimensional object has a three-dimensional geometry, and therefore, it requires a three-

dimensional coordinate transformation.  

Each model object has a Transform property with which you can move, re-orient, or resize the model. When you 

apply a transform, you effectively offset all the points of the model by whatever vector or value is specified by the 

transform. In other words, you've transformed the coordinate space in which the model is defined , but you haven't 

changed the values that make up the model's geometry in the coordinate system of the entire scene. 

Basic geometric transformations are: Translation, Rotation, and Scaling. 

 

2. Translation 

We translate a 3D point by adding translation distances, tx, ty, and tz, to the original coordinate 

position (x,y,z): 

x' = x + tx, y' = y + ty, z' = z + tz 

To translate an object by a vector v, each homogeneous vector p (written in homogeneous coordinates) can be multiplied by 

this translation matrix: 
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As shown below, the multiplication will give the expected result: 

 

The inverse of a translation matrix can be obtained by reversing the direction of the vector: 

 

 

3. Scaling 

Scaling is a linear transformation that enlarges or shrinks objects by a scale factor that is the same in all directions. 

The result of uniform scaling is similar  to the original. A scale factor of 1 is normally allowed, so that congruent 

shapes are also classed as similar. Uniform scaling happens, for example, when enlarging or reducing a photograph, 

or when creating a scale model of a building, car, airplane, etc. 

ScaleTransform3D changes the model's scale by a specified scale vector with reference to a center point. Specify a 

uniform scale, which scales the model by the same value in the X, Y, and Z axes, to change the model's size 

proportionally 

Scaling refers to enlarging or shrinking the size of vector components along axis directions. For example, a vector 

can be scaled up along all directions or scaled down along the X axis only. To scale, we usually apply the scaling 

matrix below: 

    p  0  0  0 

    0  q  0  0 

    0  0  r  0 

    0  0  0  1 

Where p, q, and r are the scaling factor along the X, Y, and Z direction, respectively. The figure below shows the 

effect of scaling by 2 along the X axis and scaling by 0.5 along the Y axis. 
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4. Rotation 

Rotation refers to rotating vertices about an axis going through the origin. Three such axes are the X, Y, and Z axes 

in the space. An example in 2D would be rotating the vector [1 0] 90 degrees counter-clockwise. The result from the 

rotation is the vector [0 1]. The matrix used for rotating ? degrees clockwise about the Y axis looks like this: 

   cos?  0  -sin?   0 

     0    1     0    0 

    sin?  0   cos?  0 

     0    0     0    1 

 

Figure shows the effect of rotating a cube centered at origin for 45 degrees about the Y axis. 
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