
Introduction to Computer Vision 
CMPEN/EE 454 Fall 2024  Instructor: R.Collins 
Final Exam Study Guide (topics covered) 
     
Lecture 2 Intensity Sufaces and Gradients 
Image visualized as surface. Terrain concepts. 
Gradient of functions in 1D and 2D 
Numerical derivatives. Taylor series. Finite differences. 
Image gradients. 
Functions of gradients. Magnitude. Orientation. 
 
Lecture 3 Linear Filters and Convolution 
Convolution vs Cross Correlation 
How to perform convolution. Border handling issues. 
Properties of convolution (commutative, associative, linear) 
Linear filters. 
Finite difference filters 
 
Lecture 4  Smoothing 
Gaussian image noise model 
How smoothing reduces noise 
When is smoothing good? When is it bad? 
Box filter (Averaging filter) 
Gaussian smoothing filter 
Application: making thumbnail images for web pages 
   subsampling leads to high-frequency artifacts (aliasing) 
   smoothing before subsampling prevents aliasing 
Separability. Cascading. 
Formula for sigma of cascaded Gaussians. 
 
Lecture 5 Edges and Smoothed Derivatives 
Edges are intensity discontinuities. 
Finding edges by thresholding on gradient magnitude 
Relationship between step/ramp edge and first derivative 
Smoothing and differentiation (combine filters) 
Prewitt filter. Sobel Filter.  (not covered) 
Derivative of Gaussian filter. 
 
Lecture 6 Second Derivative Filters and LoG 
Relationship between step/ramp edge and second derivative 
Numerical second derivatives (Taylor series) 
Finding edges as zero crossings 
Finite difference Laplacian filter 
Second derivative of Gaussian 
Laplacian of Gaussian (LoG) filter 
Approx LoG by difference of Gaussian (DoG) 
LoG and blob finding 



Lecture 7 Patch/Template Matching 
The Correspondence Problem. 
Cross Correlation-based patch matching 
Patch matching scores: 
  SSD (sum of squared differences) 
  Relation between SSD and correlation 
  NCC (Normalized Cross Correlation) 
     NCC response range is –1 to 1 
 
Lecture 8 Harris Corner Detector 
Corners. Good localization in all directions 
Visualization of small window shifting over uniform region, edge, and corner 
Harris mathetmatics: sum of squared differences of shifted region 
First order approx (Taylor series for 2D functions) 
Harris detector second moment matrix M 
Classification via eigenvalues 
Corner response measure 
 
Lecture 9 Multi-Scale Processing: Pyramids and Scale Space 
The scale problem: object size in image depends on (unknown) distance 
Image Pyramid Representation  
Multiresolution blob finding by LoG filters of different sigma/scale 
Gaussian pyramid combines smoothing plus downsampling 
Difference of Gaussian (DoG) pyramid approximates multiscale LoG filterig  
Scale space: a 3D volumetric representation (x,y,sigma)  
      Contains LoG filter responses for each x,y location and scale sigma1…sigmaN 
Automatic scale selection – find scale that maximizes magnitude of LoG filter response   
     across both spatial x,y position and scale sigma1…sigmaN 
 
Lecture 10 Handcrafted Local Features  
Want features that are insensitive to small viewpoint and lighting changes   
      Interest Point detection: e.g. Harris corners; LoG extrema 
      Feature descriptor vector: e.g. histograms of gradients   
Interest Point detection based on partial derivatives 
      First derivatives – Harris corner detector 
      Second derivatives – Hessian; Laplacian 
Some well-known feature extractors 
      SIFT,  HOG,  SURF, MSER 
     
Lecture 11 Convolutional Neural Nets 
Building a complex function from a cascade of simple, modular functions 
Typical CNN modular functions: 
  Convolution 
 ReLU 
 MaxPool/MeanPool 
 Fully Connected Layer 
 Softmax 
Know what each function does and how to apply it in simple 2D cases 



Lecture 12  Simple Stereo 
The geometry of side-by-side stereo cameras 
Meaning of epipolar constraint and epipolar line. 
Why are matches constrained to lie along an epipolar line? 
Red-cyan anaglyphs 
Julesz random dot experiment and implications 
Depth inversely proportional to disparity 
Patch matching along epipolar lines 
 
Lecture 13  Stereo Matching 
Patch matching across epipolar lines 
Disparity space image (just understand the general idea) 
Ordering constraint along epipolar line, and when does it fail 
 
Lecture 14  Pinhole Camera Model Matching 
Relation between World Coords ; camera cords; image (film) coords; pixel coords 
Homogeneous coordinates 
Projection of 3D world points into 2D film plane points / 2D pixel coords 
Matrix equations relating world to camera coordinate systems  
Extrinsic Parameters 
    Camera Offset 
    Camera Rotation matrix and how to determine it 
    Perspective projection with focal length f 
Intrinsic Parameters 
    Affine mapping from film coordinates to pixel coordinates 
    Skew; aspect ratio; offset of film (0,0) to pixel coordinate (0,0) 
Putting it all together 
    Mapping from world to pixels as a big chain of matrix multiplications 
Nonlinear lens distortion  
    We are not modeling this – it can’t be represented as a matrix multiplication 
 
Lecture 15 Triangulation 
Stereo disparity for simple stereo 
     dense estimation of depth Z value from disparity  
Computing 3D point by intersecting two viewing rays 
How to compute a viewing ray from a 2D image point 
How to compute the “pseudointersection” point closest to two viewing rays 
 
Lecture 16  Generalized Stereo: Epipolar Geometry 
Epipolar Geometry Concepts 
   Epipoles 
   Epipolar Lines 
   Conjugate Epipolar lines 
Basic math behind the Essential matrix E 
   Plane formed by camera centers and 3D scene point 
   That plane intersects image planes in conjugate epipolar lines 
   E = R * S 
Longuet-Higgins equation 



Lecture 17 The Essential/Fundamental Matrix 
Background math 
   Rank of matrix; Null space(s) of matrix;  
   Homogeneous coordinates of points and lines 
Fundamental Matrix F vs Essential matrix E 
   Essential matrix – works in film plane coords; cameras are calibrated  
   Fundamental matrix – works in pixel coords; cameras are uncalibrated  
How to use F (or E) to map points in one image to lines in another 
   How to map points from im1 into lines in im2 
   How to map points from im2 into lines in im1 
How to compute left and right epipoles from E or F  
   Solve for right and left null-space vectors 
 
Lecture 18 The Eight-point Algorithm 
How to compute F from point correspondences 
   The “eight-point” algorithm 
   Set up least squares equations 
   Homogeneous linear system of equations (solve using SVD) 
   Needs at least 8 points (hence the name eight-point algorithm) 
Practical issues 
   8 points chosen should be well distributed in 3D (e.g. not coplanar) 
   Also they should be well distributed in the image (e.g. not all in one little patch) 
 
Lecture 19 Image Mappings 
Geometric Image mappings. 
Linear mappings can be written as matrices 
2D planar transformations 
   Translation, scale, rotation 
   Euclidean, similarity, affine, and projective mappings 
   Effects of each type of mapping 
   Degrees of freedom of each type of mapping 
   What properties do they preserve (e.g. orientation, length, angles, parallelism, …)  
 
Lecture 20 Least Squares and RANSAC estimation 
Fitting a surface (e.g. line or plane) to a set of points 
Estimating a transformation from point matches 
     Least-squares  
 Minimize sum of squared error between predicted and observed point locations 
      Each point correspondence yields 2 equations 
     RANSAC (RANdom SAmple Consensus) 
        More robust to outliers (grossly incorrect point matches) 
        Repeatedly select minimal set of points / point matches needed 
 Measure consensus to all other points 
 Remember maximum consensus set of points (inliers) 
 
Lecture 21 Planar Homographies 
Projection equations for points on a planar surface 
     Plane to image transformation is a homography 



     Invertible!  We can unwarp image to frontal view of plane 
Estimating a homography 
     Need at least four point correspondences 
     Can do it using least squares  
Image Warping 
     forward warping (can leave gaps) vs backward warping (preferable) 
 
Lecture 22 Panoramas 
Points taken by a rotating camera have no parallax 
     Therefore, cannot compute 3D from rotating camera 
Affect of camera rotation on images is a 2D homography! 
     3x3 matrix in homogeneous coords 
     Linear transformation if you use homogeneous coords   
     Nonlinear transformation in 2D coords 
Warp images, then do intensity/color blending: averaging; feathering 
 
Lecture 23 Planar Stabilization 
Two-frame Stabilization Example 
     Corner point matching 
     RANSAC using affine transformation to compute inliers/outliers 
     Estimate planar homography using inliers 
     Warp into same coordinate system to produce a flicker display 
Ghosting: points off plane offset by parallax 
 
Lecture 24 Video Change Detection 
We looked at four algorithms 
   Background subtraction 
   Frame Differencing 
   Adaptive background subtraction 
   Persistent frame differencing 
Know how they work and the pros and cons of each 
 
Lecture 25 Tracking and Data Association 
Understanding background subtraction 
      Estimating Gaussian color value at each pixel 
Understanding frame differencing 
      Computing temporal gradient (derivative) at each pixel  
Grouping foreground pixels into blobs 
Linear assignment problem  
      Pairwise affinity matrix representing similarity of blob i and blob j 
      Fast approximate solution using Greedy algorithm 
      Optimal solution using Hungarian algorithm 
 
Lecture 26 Camera Motion 
Motion Field: projection of 3D relative velocity onto 2D image plane 
Optical Flow: observed motion of brightness patterns in image 
Motion field and optical flow are not equivalent. 
     No motion, but brightness changes due to illumination 



     Motion, but not observable in image (no texture) 
     Aperture problem (see lecture 27)  
Motion field equations  
     Translation vs rotation components 
     Rotation component does not depend on depth 
 Pure translational motion 
     Focus of expansion/contraction (FOE) 
     Vector length inversely proportional to scene depth 
 
Lecture 27 Optical Flow Estimation 
Brightness constancy equation 
The aperture problem 
     Only the component of flow perpendicular to gradient is observable 
Computing optical flow: Lucas-Kanade (LK) algorithm 
     Assume flow is constant over patch 
     Form least squares system with more equations than unknowns 
     When is the LK system ill-conditioned vs well-conditioned? 
 
Lecture 28 Structure from Motion      
Match Move – display artificial character on top of real image/video 
Basic two-view 3D reconstruction pipeline 
     Find matching features across images 
     Fit E or F matrix using matched features 
     Solve for camera poses by decomposing E or F 
     Triangulate 3D feature points from 2D matched points 
 
Lecture 29 Color and Light 
Light Transport:  Illumination + material + sensor  
Spectral power distribution of light source 
Surface reflectance / Spectral albedo / Irradiance becomes Radiance 
Sensor Response function 
     Human Vision: Rods and Cones 
How SPD + albedo + sensor response combine to determine color value 
Metamers: different colors that look the same  
    under certain illumination conditions 
    for certain observers 
 
Lecture 30 Rendering Color and Light  
Continuous visible spectrum boiled down to discrete R,G,B 
Types of Light Sources 
   Ambient; point source; directional light 
Phong Illumination Model 
   Ambient term – constant from all directions 
   Diffuse term  - Lambert’s cosine law 
   Specular term  - Phong exponent 
Blinn-Phong alternative to Phong 
 


