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7. Change and Motion 

Estimation 



Outline 

 Morphing 

 Change detection 

 Motion estimation 

 Cross-correlation 

 Optical flow 

 Object tracking 

 Hybrid methods 



Cross-dissolve 

 Cross-dissolve 

 Pixel-by-pixel 

 Interpolate between two grids 

 Alpha varies from 0 to 1 in increments of 0.1 if you want 10 

intermediate images 

 

 

 

 

 Works for slowly changing images 

 But moving entities or changing shapes are problematic 

y(i,j) = \alpha * x1(i,j) + (1 - \alpha) * x2(i,j) 

http://www.trfic.msu.edu/products/morphs/toba2.mov  

http://www.trfic.msu.edu/products/morphs/toba2.mov
http://www.trfic.msu.edu/products/morphs/toba2.mov


Example Morphing 

 Basic idea; 

 

 

 

 Example 15-min morph of 4 satellites each of which samples the storm 

only once every 4-5 hours: 



Morphing 

 Morphing = warping + cross-dissolving 

 Warping: try to align two images by shape and/or movement 

 

 How? 



Object Motion 

 One approach: 

 Estimate motion 

 Use the motion field to create intermediate warp 

 Then, cross-dissolve 

 

 Problem: 

 Does not handle rotation, scaling, etc. very well 



Beier-Neeley 

 Beier and Neeley, Feature-based image metamorphosis, Siggraph 

1992 

 http://www.cs.princeton.edu/courses/archive/fall00/cs426/papers/bei

er92.pdf 

 Find corresponding lines in the two images 

 For multiple lines, weight by dist 

 Handles rotation, scaling and motion 

 Version 2 uses line pairs for angles 

 

 

http://www.cs.princeton.edu/courses/archive/fall00/cs426/papers/beier92.pdf
http://www.cs.princeton.edu/courses/archive/fall00/cs426/papers/beier92.pdf
http://www.cs.princeton.edu/courses/archive/fall00/cs426/papers/beier92.pdf


How do you detect change in images? 

 Given a pair of images, how can you determine what’s changed? 

 

 

 



Subtracting 

 What does this assume? 

 

 

 

 

 

 

 

 

 

 



Common Modifications 

 Ratio instead of difference 

 Especially useful when values span a large range 

 Prefiltering 

 To limit impact of noise 

 Transformation 

 Compute principal component of the pixel data (such as if you have 

multiple channels) 

 Then, detect changes on PC 

 Background field 

 Find difference between field and average of field over time (for e.g.) 

 Or difference between field and no-cloud image 



Rate of Change 

 

 

 

 

 

 

 What will happen to moving objects? 

 How can you deal with parts of image moving relative to other parts? 

 



Spatial gradients … 

 What would the gradient along the x and y directions look like? 

 

 

 What does it mean if the x gradient and t gradient are aligned? 



Partial derivatives 

 

 

 

 

 

 dI/dx is the spatial derivative (e.g: LoG or Sobel) 

 dI/dt is the temporal derivative at a point (time differencing) 

 Want to find out dx/dt and dy/dt 



Image 1 

 



Image 2 

 



Image2 – Image1: Gradient of intensity in time 

 



Gradient of intensity in time 

 



Gradient of intensity in n/s 

 



Gradient of intensity in e/w 

 



Motion Estimation 

 Ways to estimate relative motion (“optical flow”): 

 Spatiotemporal derivatives 

 Cross-correlation 

 Energy-based 

 Contour-based 

 

 

 

Barron, Fleet and Beauchemin, 1994: Performance of Optical Flow Techniques, 
Int’l J. Computer Vision, 12:1, 43-77 



Spatiotemporal derivatives 

 Horn & Shunck 1981 take the partial derivative formula: 

 

 

 Two unknowns, but only one variable 

 So also add a smoothness constraint to minimize: 

 

 

 

Horn, B.K.R, and Schunck, B.G. 1981. Determining optical flow, 
Artificial Intelligence 17: 185-204. 



Horn-Schunk method 

 



Motion east to west iter 0 

 



Motion east to west iter 1 

 



Motion east to west iter 10 (red=~15 pixels) 

 



Motion north to south iter 10 (red=~15 pixels) 

 



After 50 iterations, motion east to west 

 



After 50 iterations, motion north to south 

 



How good is a motion estimate? 

 Apply it to a morph algorithm and compute the end image & difference 

 

 

 

 

 

 

 

 

 

 

 

 Edges continue to have a large impact 

 

 

 

 



Cross-correlation 

 Can treat a rectangular sub-window of one image as a matched filter in 

other image 

 Better to operate on smoothed images first 

 Can do smoothing with a filter-bank to catch orientation 

 Move window around and find where the correlation is maximum 



N-S motion (red = 20 pixels) 

 



E-W motion (red=20 pixels) 

 



How good is it? 

 



What are the problems with cross-correlation? 

 Noisy! 

 Why? (hint: using max) 

 How could you address this? 

 What does smoothing the motion estimates mean? 

 

 Performance 

 Cross-correlation is very, very expensive 

 Assume that search neighborhood is 20 pixels 

 And that we want to estimate movement of 11x11 boxes 

 How many computations do we have to perform? 

 

 How can we address these two issues? 



Pyramidal tree 

 Do xcorr pyramidally (match coarser details first, then delve in) 

 Start at a scale where pixel movement is 1 pixel or less 

 Then, use that to refine movement at next scale 

 Can use curvature of LSE surface to estimate confidence bounds of 

minima 

 But this is not very reliable 

Anandan, P. 1989. A computational framework and an algorithm for 
the measurement of visual motion, Int’l J. Comput. I/is. 2: 283-310. 



Pyramid … 

 



The motion estimates successively refined … (N-S) 

 



How good? 

 



Problems … 

 Errors at coarse scales difficult to recover from 

 Aperture problem 

 Lots of errors at low scales 



Edge-based 

 Instead of tracking the original image itself 

 Find edges on image 

 Then, do cross-correlation or spatiotemporal differentiation on edges 

 Cross-correlation still subject to aperture issues 

 How about Horn-Schunk? 



Edge 0 

 



Edge 1 

 



Problem … 

 The edges are too far apart 

 Motion estimates should be done only at edges, but Horn Schunk 

assumes interiors are not moving and this corrupts motion estimates 

at the edges 

 



N/S motion 

 



Phase Correlation 

 If you don’t want pixel-to-pixel motion 

 Instead want average motion over entire grid 

 Cross-correlation would be too expensive, since the window is the 

size of the entire grid 

 But convolution == multiplication with FT 

 Cross-correlation == multiplication with conjugate of FT 



Correction … 

 



Object tracking 

 Why not track the objects themselves? 

 Use segmentation technique to find objects 

 Then associate objects across time 

 How can you associate objects? 



Associating objects 

 Can associate objects: 

 Greedily: 

 Find closest centroid in previous frame to current centroid 

 Find object in previous frame that overlaps the most 

 What happens if there is a tie? 

 The first one wins or can assign both objects to same 

 Consider objects in order of priority such as intensity or size 



Objects 0 

 



Objects 1 

 



Motion of centroids (E to W) 

 



Problems? 

 Object identification is tricky 

 I used hysteresis in previous example 

 Can see that objects are sometimes separate, sometimes joined 



Associating objects 

 Can associate objects: 

 Objectively 

 Minimizing some cost over the entire domain 

 Compute cost of associating two objects 

 Could be simply distance between centroids 

 Or could take into account changes in size, intensity, etc. 



Hungarian Method 

 A periodically rediscovered technique of associating objects 

 Carl Gustav Jacobi, Denes Konig, Jeno Egervary, Harold Kuhn 

 Munkres, 1957 described it for rectangular matrices 

 Method for solving linear programming solutions by hand 

 Easily adapted to computers 

 

J. Munkres, 1957: "Algorithms for the Assignment and Transportation 
Problems", Journal of the Society for Industrial and Applied Mathematics, 
5(1):32–38 



Hungarian Method: Algorithm 

 Transpose matrix so that you have more columns than rows 

 Subtract from every number in a row the minimum value of that row. 

 Subtract from every number in a column the minimum value in that column. 

 Iterate over these steps: 

 “Cover” all columns and rows containing zeros 

 If the number of lines covered is less than the number of rows 

 Subtract the smallest uncovered number from every uncovered number in the 
table. 

 Add the smallest uncovered number to the numbers at intersections of 
covering lines. 

 Numbers crossed out but not at intersections of cross-out lines carry over 
unchanged to the next step. 

 Repeat this step until number of lines covered is equal to number of rows. 

 Perform optimal match by repeatedly doing this until all rows are assigned: 

 If a row or column has only one zero, assign it and cover the row and column 



Kalman Filter 

 When computing distance costs, can be advantageous to compute 

distance from projected location of centroid in previous frame 

 Can do this easily by just using the previous motion estimate: 

 X = X + ut 

 Or can track velocities over time 

 Updating the velocity with each observation 

 “Kalman Filter” 



Kalman filter algorithm 

 

 

 

 

 

 For example, for constant acceleration: 

 

 

 

 

 We measure the z_k which are the centroids of the objects 

 Then we can get the “true” position x_k and the speed dx_k 

 Need E(w_k^2) and E(v_k^2) which are estimated over time … 



Iterative Kalman filter 

 



Kalman example 

 



Hybrid Method 

 Object tracking tends to be more accurate for small objects 

 And small time steps 

 Where assignment is easy 

 Optical flow methods tend to be more accurate for large objects 

 Handles image evolution better 

 Where assignment is hard 

 Optical flow methods tend to be less accurate over small time steps 

 For small objects, motion fields are “noisy” 

 

 Hybrid method that works across scales and time periods: 

 Do cross-correlation, but instead of rectangular sub-window, use 

shape of object and try to match it across time 

 



Objects at frame 1 

 



N/S movement at frame 1 (red=15 pixels) 

 



E/W movement at frame 1 (red=15 pixels) 

 



Problems? 

 What about in between objects 

 We could interpolate spatially 

 Treating the regions’ centroids as point estimates (objective analysis) 

 

 

 V. Lakshmanan, R. Rabin, and V. DeBrunner, ``Multiscale storm 

identification and forecast,'' J. Atm. Res., vol. 67, pp. 367-380, July 

2003.  



Interpolating from centroids: N/S (red=15) 

 



E/W motion (red=15) 

 



Advantage of Hybrid 

 More tolerant of clustering instability 



Computing temporal attributes 

 Several ways to compute temporal attributes: 

 Pixel-by-pixel: 

 

 

 

 Aligned: align based on motion and the compute difference 

 

 Object change 

 

 

 

 Need to be able to identify object at both time instants 



Hybrid change 

 Once you identify an object in one frame, shift its pixels by the motion 

estimate to find corresponding pixels in the previous frame: 

 

 Pixel-by-pixel change 

 

 

 Object property change 



Term Project 

 Choose a spatial dataset and the goal 

 i.e. what you want to extract automatically from that data 

 Submit abstract (1 paragraph) describing dataset + goal by March 28 

 Talk to me to ensure that scope is right 

 I’m looking for something that should take 9-12 hours 

 Do not have to know the process beforehand, but should be able to 

articulate the goal of the automated processing 

 Submit report 3 weeks before end of semester 

 Due date: before beginning of class on April 18 

 The project report should explain your goal and what you did 

 Last 3 classes (Apr. 18/25, May 3) are term project presentations 

 Prepare for a 40 min presentation and submit with report 

 


