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ABSTRACT: Goal of this case study is to calibrate your own camera, like your own digital single lens reflect (SLR) 

camera, or the one in your mobile phone. Calibration have been done using a chessboard pattern to estimate its interior 

parameters. The interior orientation is preferably estimated before you use your camera on location. This case study 

involves the fundamental principle of photogrammetry: the collinear equations. In this case study, OpenCV in 

MATLAB is utilized to apply the camera calibration. 
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I. INTRODUCTION 

 

Interior parameters of a camera1: 

 
The list of internal parameters is as per the seriatim, - 

 

 Focal length: The focal length in pixels is stored in the 2x1 vector fc. 

 Principal point: The principal point coordinates are stored in the 2x1 vector cc.(x0, y0): image coordinates of 

the principal point (i.e., image centre), where x and y denotethe column and row direction, respectively. 

 Skew coefficient: The skew coefficient defining the angle between the x and y pixel axes is stored in thescalar 

alpha_c. 

 Distortions: The image distortion coefficients (radial and tangential distortions) are stored in the 5x1 vector 

kc. 

 fx and fy: focal length of a camera along x and y directions. 

 

The intrinsic parameters include the focal length, the optical center, also known as the principal point, and the skew 

coefficient. The camera intrinsic matrix, K, is defined as: 
 

 

e collinearity  
 

 
 

Camera’s distortion parameters1,2: 

 

The first, and most common type of camera lens distortion is called radial distortion. 
 

There are two types of this distortion, the positive or barrel radial distortion, and the negative or pincushion radial 
distortion. 
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Radial distortion can be represented as follows: 

xdistorted =x(1+k1r
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ydistorted=y(1+k1r
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) 

 

 
Similarly, tangential distortion occurs because the image-taking lens is not aligned perfectly parallel to the imaging 

plane. So, some areas in the image may look nearer than expected. 

 

 
The amount of tangential distortion can be 

represented as below: 

xdistorted =    x+[2p1xy+p2(r
2
+2x

2
)] 

ydistorted=    y+[p1(r
2
+2y

2
)+2p2xy] 

 

 

 
 

In short, we need to find five parameters, known as distortion coefficients, given by: 

 

Distortion coefficients= ( k1       k2      p1      p2      k3)  

II. RELATED WORK 

 

Chessboards are widely used for camera calibration
3
: 

Chessboards are often used during camera calibration because they are simple to construct, and their planar grid 

structure defines many natural interest points in an image.  

 
They provide features that can be computed as intersection of lines which are: 

 
 robust: if a part of the calibration pattern is occluded, you can still get the coordinates of the intersection 

points thanks to the line equation. 

 accurate: line equations can be interpolated from sample points, and this is the case for their intersection too. 

Thus, you naturally get subpixel precision. This also holds for the old-fashioned pipelines where the corners 

were clicked by somebody. 
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III. METHODOLOGY 

 

Description of my own camera including its lens including two captured images of a chessboard4,5: 

 
The camera used in this study is the camera from iPhone 12, which has a 12-megapixel rear-facing iSight camera with 

a 1.4 µm pixel size. The focal length of such iSight camera is 26 mmand the sensor area is 23.9 mm2.  

 

The lens of the camera should be fixed, while taking pictures of the chessboard. At that point two images of a 

chessboard(downloaded chessboard image from 

https://upload.wikimedia.org/wikipedia/commons/2/2c/AAA_SVG_Chessboard_and_chess_pieces_02.svg and from 

this took photos with the iPhone 12) from different viewing angles can be obtained, as shown in Figure (i). 

 

(A) Left image    (B) Right image 

 
Figure (i): Images of a chessboard from different angles 

 
Chessboard designs are distinct and simple to distinguish in an image. Not only that, the corners of squares on the 

chessboard are perfect for localizing them since they have sharp angles in two directions and these corners are too 

related by the truth that they are at the intersection of chessboard lines. That's why chessboard should cover the full 

extent of the images for calibrating precisely. The essential idea is that the distortion is always extraordinary at the 

edges of a picture. In case there's no chessboard representation at the edges, the distortion arrangement based on the 

central portion of the picture isn't accurate enough to correct the edges. 

 

Application of the corner detection algorithm on both images and displaying of the found corners6,7, 8, 9: 

 

Image coordinates of corners on the chessboard can be obtained by a bunch of corner detection algorithms. In 

MATLAB, the function detectHarrisFeatures can help to detect these corners, which can be implemented as per the 

following MATLAB algorithm: 
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For Left image:  For Right image:  
 

clc 

clear all 

close all 

warning off 

a=imread('leftimage.png'); 

imshow(a); 

b=rgb2gray(a); 

figure; 

imshow(b); 

points=detectHarrisFeatures(b); 

hold on; 

plot(points); 

clc 

clear all 

close all 

warning off 

a=imread('rightimage.png'); 

imshow(a); 

b=rgb2gray(a); 

figure; 

imshow(b); 

points=detectHarrisFeatures(b); 

hold on; 

plot(points); 

 
 

Figure (ii)shows the corner detection results in both images taken for the calibration. 

(A) Left image       (B) Right image 

Figure (ii): Results of corner detection 

 

Creation of an array or vector to store the 3D coordinates in a world coordinate system2: 

 
To find the projection of a 3D point onto the image plane, we first need to transform the point from world coordinate 

system to the camera coordinate system using the extrinsic parameters (Rotation  and Translation ). 

 
Next, using the intrinsic parameters of the camera, we project the point onto the image plane. 

 

The equations that relate 3D point  in world coordinates to its projection  in the image 

coordinates are shown below, - 
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Where,  is a 3×4 Projection matrix consisting of two parts — the intrinsic matrix ( ) that contains 

the intrinsic parameters and the extrinsic matrix (  ) that is combination of 3×3 rotation matrix  and a 

3×1 translation  vector. 

 

      

      

      

    

Here, the intrinsic matrix  is upper triangular 

 

        

        

        

     
where, 

 

 are the x and y focal lengths (yes, they are usually the same). 

 

 are the x and y coordinates of the optical centre in the image plane. Using the centre of the image is usually 

a good enough approximation. 

 

 is the skew between the axes. It is usually 0. 

 

IV. EXPERIMENTAL RESULTS 

 

Application of the camera calibration algorithm and explanation of the outputs 6, 7, 8, 9: 

 

In MATLAB, camera calibration can be applied through the MATLAB app function Camera Calibrator, and the 

same is implemented as per the seriatim, - 
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MATLAB SCRIPT: 

 
% Auto-generated by cameraCalibrator app on 15-Apr-2022 

%------------------------------------------------------- 

 

% Define images to process 

imageFileNames = {'C:\Users\DEBABRATA PAUL\OneDrive\Desktop\(Erasmus) application at TU Delft from 

UNIBO\Final\Revised\CIE4614, 3D Surveying\Small Assignment 2\Pic\LI.png',... 

'C:\Users\DEBABRATA PAUL\OneDrive\Desktop\(Erasmus) application at TU Delft from 

UNIBO\Final\Revised\CIE4614, 3D Surveying\Small Assignment 2\Pic\RI.png',... 

    }; 

% Detect calibration pattern in images 

detector = vision.calibration.monocular.CheckerboardDetector(); 

[imagePoints, imagesUsed] = detectPatternPoints(detector, imageFileNames); 

imageFileNames = imageFileNames(imagesUsed); 

 

% Read the first image to obtain image size 

originalImage = imread(imageFileNames{1}); 

[mrows, ncols, ~] = size(originalImage); 

% Generate world coordinates for the planar pattern keypoints 

squareSize = 25;  % in units of 'millimeters' 

worldPoints = generateWorldPoints(detector, 'SquareSize', squareSize); 

 

% Calibrate the camera 

[cameraParams, imagesUsed, estimationErrors] = estimateCameraParameters(imagePoints, worldPoints, ... 

'EstimateSkew', false, 'EstimateTangentialDistortion', false, ... 

'NumRadialDistortionCoefficients', 2, 'WorldUnits', 'millimeters', ... 

'InitialIntrinsicMatrix', [], 'InitialRadialDistortion', [], ... 

'ImageSize', [mrows, ncols]); 

 

% View reprojection errors 

h1=figure; showReprojectionErrors(cameraParams); 

 

% Visualize pattern locations 

h2=figure; showExtrinsics(cameraParams, 'CameraCentric'); 

 

% Display parameter estimation errors 

displayErrors(estimationErrors, cameraParams); 

 

% For example, you can use the calibration data to remove effects of lens distortion. 

undistortedImage = undistortImage(originalImage, cameraParams); 

 

% See additional examples of how to use the calibration data.  At the prompt type: 

% showdemo('MeasuringPlanarObjectsExample') 

% showdemo('StructureFromMotionExample') 

 

Using of distortion parameters for rectifying the images and displaying of the results 6, 7, 8, 9: 

 
The MATLABfisheyeParameter is used to rectify the images using the calibration results and the rectified images are 

shown in Figure (iii). 
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(A) Left image     (B) Right image 

Figure (iii): Images after rectification 

  (A) Left image     (B) Right image 
Figure (iv): Images after rectification (cropped) 

MATLAB SCRIPT: 

 
% Auto-generated by cameraCalibrator app on 15-Apr-2022 

%------------------------------------------------------- 

 

% Define images to process 

imageFileNames = {'C:\Users\DEBABRATA PAUL\OneDrive\Desktop\(Erasmus) application at TU Delft from 

UNIBO\Final\Revised\CIE4614, 3D Surveying\Small Assignment 2\Pic\LI.png',... 

'C:\Users\DEBABRATA PAUL\OneDrive\Desktop\(Erasmus) application at TU Delft from 

UNIBO\Final\Revised\CIE4614, 3D Surveying\Small Assignment 2\Pic\RI.png',... 

    }; 

% Detect calibration pattern in images 

detector = vision.calibration.monocular.CheckerboardDetector(); 

[imagePoints, imagesUsed] = detectPatternPoints(detector, imageFileNames); 

imageFileNames = imageFileNames(imagesUsed); 

 

% Read the first image to obtain image size 

originalImage = imread(imageFileNames{1}); 

[mrows, ncols, ~] = size(originalImage); 

 

% Generate world coordinates for the planar pattern keypoints 

squareSize = 25;  % in units of 'millimeters' 

worldPoints = generateWorldPoints(detector, 'SquareSize', squareSize); 

 

% Calibrate the camera using fisheye parameters 

[cameraParams, imagesUsed, estimationErrors] = estimateFisheyeParameters(imagePoints, worldPoints, ... 

    [mrows, ncols], ... 
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'EstimateAlignment', true, ... 

'WorldUnits', 'millimeters'); 

 

% View reprojection errors 

h1=figure; showReprojectionErrors(cameraParams); 

% Visualize pattern locations 

h2=figure; showExtrinsics(cameraParams, 'CameraCentric'); 

% Display parameter estimation errors 

displayErrors(estimationErrors, cameraParams); 

% For example, you can use the calibration data to remove effects of lens distortion. 

undistortedImage = undistortFisheyeImage(originalImage, cameraParams.Intrinsics); 

% See additional examples of how to use the calibration data.  At the prompt type: 

% showdemo('MeasuringPlanarObjectsExample') 

% showdemo('StructureFromMotionExample') 

 

V. RECOMMENDATION AND CONCLUSION 

 

Using of the output parameters to obtain for one 3D point its corresponding image position by using the 
collinearity equations or an equivalent matrix multiplication in a suitable projection 5, 6, 7, 8, 9: 

 

It is vital to discover a projection relationship utilizing insides and outside parameters for anticipating a 3D point on 

the picture, as well as distortion coefficients of the camera. In photogrammetry, such relationship is depicted as the 

collinearity equations. We will utilize the increase of homogeneous matrices to represent the collinearity equations in a 

briefer way.             

 

we got to apply the distortion parameters to realize the exact image coordinates and in MATLAB, the 

fisheyeParameter can help to achieve the projection, with the 3D object coordinates, rotation vector, translation 

vector, camera matrix and distortion parameters of an image as inputs and are explained as below, - 
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