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Image transformations



What’ve we learnt so far?

























Example 1 – resize and rotate

• Open warp_affine_template.cpp

• Perform simple resize transformation

• Perform image rotation for a predefined angle





Example 2 – perspective transform

• Open perspective_warp_template.cpp

• Define two sets of corner points srcQuad and dstQuad
• Points are cv::Point2f type

• Use .cols nad .rows to define the original image corners

• Define arbitrary corners for the new image

• Use cv::getPerspetiveTransform with generated pairs of 
points to acquire the transformation matrix.

• Apply the matrix and warp the image 
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Image formation

• What 3D world information is stored in each pixel?

• Image formation is a process that produces a particular image given:
• A set of lighting conditions

• Scene geometry

• Surface properties

• Camera optics

• Are parallel lines in the real world parallel in the image?

• Are straight lines in the real world straight in the image?









Pinhole camera model



Pinhole camera model



Pinhole vs. real camera model



3D coordinates to pixel coordinates?



Camera matrix







Distortion



Distortion example











Camera calibration



Camera Calibration, Why?

• Camera calibration is a necessary step in 3D computer vision.

• A calibrated camera can be used as a quantitative sensor

• It is essential in many applications to recover 3D quantitative 
measures about the observed scene from 2D images. Such as 3D 
Euclidean structure.

• From a calibrated camera we can measure how far an object is from 
the camera, or the height of the object, etc. e.g., object avoidance in 
robot navigation.







Camera calibration

• Find the intrinsic and extrinsic parameters of a camera
• Extrinsic parameters: the camera’s location and orientation in the world.
• Intrinsic parameters: the relationships between pixel coordinates and camera 

coordinates.

• Find the distortion coefficients of the camera
• Radial
• Tangential

• VERY large literature on the subject

• Good calibration is important when we need to:
• Reconstruct a world model.
• Interact with the world: Robot, hand-eye coordination



Basic idea

1. Given a set of world points Pi and their image coordinates (ui,vi)

2. Find the projection matrix M

3. and then find intrinsic and extrinsic parameters.

• To estimate the camera parameters, we need to have 3-D world 
points and their corresponding 2-D image points. 

• These correspondences are acquired using multiple images of a 
calibration pattern, such as a checkerboard. 

• Using the correspondences, we can solve for the camera parameters.



How many parameters are we looking for?



Calibration Techniques

• Calibration using 3D calibration object

• Calibration using 2D planer pattern

• Calibration using 1D object (line-based calibration)

• Self Calibration: no calibration objects

• Vanishing points from for orthogonal direction

• Many other smart ideas



Calibration Techniques

Calibration using 3D calibration object:

• Calibration is performed by observing a calibration object whose geometry in 3D space is 
known with very good precision.

• Calibration object usually consists of two or three planes orthogonal to each other, e.g. 
calibration cube

• Calibration can also be done with a plane undergoing a precisely known translation (Tsai 
approach)

• (+) most accurate calibration, simple theory

• (-) more expensive, more elaborate setup



Calibration Techniques

2D plane-based calibration

• Requires observation of a planar pattern shown at few different 
orientations

• No need to know the plane motion

• Set up is easy, the most popular approach.



Calibration Techniques

Self-calibration:

• Techniques in this category do not use any calibration object

• Only image point correspondences are required

• Just move the camera in a static scene and obtain multiple images

• Correspondences between three images are sufficient to recover both 
the internal and external parameters



Calibration Techniques

Which calibration technique to use ?

• Calibration with apparatus versus self-calibration:

• Whenever possible, if you can pre-calibrate the camera, you should 
do it with a calibration object

• Self-calibration cannot usually achieve the same accuracy as 
calibration with an object.

• Sometimes pre-calibration is impossible (e.g., a scene reconstruction 
from an old movie), self-calibration is the only choice.



Calibration Techniques

• Calibration using 3D calibration object

• Calibration using 2D planer pattern

• Calibration using 1D object (line-based calibration)

• Self Calibration: no calibration objects

• 2D planer pattern approaches seems to be a good compromise:  
good accuracy with simple setup

• 1D object is suitable for calibrating multiple cameras at once.



















Example 3 – perform camera calibration
https://docs.opencv.org/3.2.0/d4/d94/tutorial_camera_calibration.html

• Create New Project (New Project -> Win32 console application -> 
Next -> Empty project -> Finish)

• Add OpenCV Property pages

• Add camera_calibration_with_debug.cpp to Source files

• Adjust the path to the config file in_VID5.xml

• Open the config file

https://docs.opencv.org/3.2.0/d4/d94/tutorial_camera_calibration.html
































• Geometric camera calibration, also referred to as camera 
resectioning, estimates the parameters of a lens and image sensor of 
an image or video camera. 

• You can use these parameters to correct for lens distortion, measure 
the size of an object in world units, or determine the location of the 
camera in the scene. 

• These tasks are used in applications such as machine vision to detect 
and measure objects. They are also used in robotics, for navigation 
systems, and 3-D scene reconstruction.

• Examples of what you can do after calibrating your camera:



Pinhole camera model

• A pinhole camera is a simple camera without a lens and with a single small 
aperture. Light rays pass through the aperture and project an inverted 
image on the opposite side of the camera. Think of the virtual image plane 
as being in front of the camera and containing the upright image of the 
scene.

• As a result, the image on this image plane (also called the projective plane) 
is always in focus, and the size ofthe image relative to the distant object is 
given by a single parameter ofthe camera: its focal length. For our idealized 
pinhole camera, the distance from the pinhole aperture to the screen is 
precisely the focal length
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