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2. Introduction 

The assignment of this work is to analyze the roots of a topic to find the main idea origin and the 

related works which inspired the main idea as far in time as possible. The first part of this study describes 

the search method adopted trying to outline a structure in order to facilitate the analysis, instead in the 

second part I described the result found. 

3. Structure of search 

To achieve this goal I started with the analysis of the most recent work, which I called “Start Point”, in 

order to understand the related fields and works. Using the bibliography to track a dependency tree of the 

related paper is an obvious starting point but one of the most important information is present in the 

keywords related with the argument. This information is useful in order to find all the works not directly 

related with the starting point. Usually the most important keywords are in the title or in the abstract.  

After performing a first web search I had collected all the related works, which I called “Recent Level”, I 

identified the oldest and most cited works in order to find the work with the main idea, called “Original 

Work”. After had detected it (or they, it depends by how many important works could be identified) as the 

main idea, I have started to find the previous works to it and I called them as “Ancient Level”. The deep in 

time of the Ancient Level is in according with the dependency level of the cited works with the topic of 

discussion. The difference between the two levels is that in the recent level all the works are related with 

the Main Work instead in the Ancient Level are present all the works which had inspired the Main Work. 

In the latter the key words could change and other important aspects must be taken in consideration. 

Identify the data of the Original Work is important to detect how old is the main idea which is a good 

sign to understand the evolution of the research in this field. Another good sign is how many and how old 

are the related works between the Start Point and the Original Work and from the Original Work to the 

past.  

3.1 Main Work Temporal Window 



An important point to keep in mind is that there could be more Original Works and to identify that I 

used a time window of one year in the past and one year in the future from the “Main Original Work” 

detected. I searched in this window all the works published with the same concept of the Main Original 

Work. I adopted this strategy in order to not penalize all the works published after the first published 

work because from the developing of a work and the relative publication could pass a lot of time, generally 

one year or more.  

If the Original Idea is 20 – 30 years old I’m expect to have a Recent Level composed by all the 

documents which can be finding as a result of a web search because are indexed in the major search 

engines. Instead the Ancient Level composed by all the documents which can be finding in some analogical 

way. If the Original Idea is fresher the situation could be different, and it’s possible to have all the ancient 

level indexed in a digital library. 

 

Figure 1 - Scheme of the documents analysis 

3.2 Exhaustive Complementary Search 



One of the main goals of this study is to find as many documents as possible related with the topic of 

the research which they are not indexed in the traditional web search engines. To achieve this goal I have 

crawled all the indexed documents and I used this dataset, in a second step, to find all the documents that 

usually do not appear in a web search engine.   

3.3 The deep search 

One of the topic goal, and the most interesting challenge, is to find the oldest related work with the 

Starting Point. It’s obvious that the oldest work must be searched in an analogical library and this task 

requires a lot of time and a physical movement between different libraries.  

3.4 The wide search   

Instead of the “deep search” this kind of search is performed analyzing not only the work directly 

related but it’s possible to find two or more works which discuss about the same topic in an unlinked way.  

3.5 Conclusion  

To improve the search in the past a typical phenomenon could be occurred. If the time span between 

the root of a work and the most recent one is wide the keywords used to refer to a concept could change. 

Consequently one of the best solutions is to find a way to identify these changes in order to change also 

the keyword to improve the search results. 

In the first side of this study a search method was been discussed next the results found. 

 

 

  



OPTICAL FLOW 

1. Secrets of Optical Flow Estimation and Their Principles 

The first argument analyzed is the “Secrets of Optical Flow Estimation and Their Principles”. The key 

words identified in this work are: Optical Flow, Estimation, Middlebury Optical Flow Benchmark. 

In this case the Original Work is explicit reported in the Paper because the goal of this work is to 

define a baseline algorithm using the original idea of Horn and Schunk and modifying the model 

developed and analyze the benchmark showing that only the modern optimization and implementation 

techniques have improved the results of the Optical Flow algorithm. The scheme proposed for this topic is 

as follow: 

 

Figura 1 - The proposed root 



2. Main Work:  

Secrets of Optical Flow Estimation and Their Principles, D Sun, S Roth, TU Darmstadt, MJ Black – 2010 

3. Original Idea: 

BKP Horn, BG Schunck, “Determining optical flow” Artificial intelligence, 1981 

4. Ancient Level: 

Gibson, J. J. (1950) The Perception of the Visual World, Riverside Press, Cambridge, England . 

Gibson, J . J. (1966) The Senses Considered as Perceptual Systems, Houghton-Mifflin, Boston . 

Gibson, J. J. (1977) "On the Analysis of Change in the Optic Array," Scandinavian Journal of Psychology 

18, pp . 161-163 . 

4.1 Segmenting using optical flow 

Nakayama, K . & Loomis, J . M .   (1974) "Optical Velocity Patterns, Velocity-Sensitive Neurons and 

Space Perception," Perception, 3,  pp.  63-80. 

Jain, R., Martin, W . N., & Aggarwal, J . K. (1979) "Segmentation Through the Detection of Changes Due 

to Motion," Computer Graphics and Image Processing 11,1 (September 1979), pp . 13-34. 

Jain, R ., Militzer, D. & Nagel, H .-H. (1977) "Separating Non-stationary from Stationary Scene 

Components in a Sequence of Real World TV-images,"  Proceedings of the 5th International Joint 

Conference on Artificial Intelligence,  22-25 August 1977, pp . 612-618 . 

Jain, R . & Nagel, FL-H . (1979) "On a Motion Analysis Process for Image Sequences from Real World 

Scenes," IEEE Transactions on Pattern Analysis and Machine Intelligence 2, (April 1979),  pp .  206-214 . 

 

4.2 Recovering Velocity from optical flow 



Hadani, I., Ishai, G. & Gut, M. (1980) "Visual Stability and Space Perception in Monocular Vision : 

Mathematical Model," Journal of the Optical Society of America 70,1  (January 1980), pp. 60-65. 

Koenderink, J. J. & van Doom, A . J. (1975) "Invariant Properties of the Motion Parallax Field Due to the 

Movement of Rigid Bodies Relative to an Observer," Optica Acta 22,9, pp. 773-791 . 

Koenderink, J. J. & van Doom, A. J. (1976) "Visual Perception of Rigidity of Solid Shape,"  Journal of 

Mathematical Biology 3,79, pp . 79-85 . 

Longuet-Higgins, H . C. & Prazdny, K. (1980) "The Interpretation of Moving Retinal Image,"  

Proceedings of the Royal Society B, (in press) . 

Prazdny, K. (1979) "Egomotion and Relative Depth Map from Optical Flow," Computer Science 

Department, University of Essex, Colchester, England, (unpublished) . 

Prazdny, K.  (1980) "The Information in Optical Flows," Computer Science Department, University of 

Essex, Colchester, England (unpublished) . 

4.3 Shape from Optical Flow 

Clocksin, W. (1978) "Determining the Orientation of Surfaces from Optical Flow,"  Proceedings Third 

AISB Conference, Hamburg, pp. 93-102 . 

Koenderink, J. J. & van Doom, A . J.   (1975) "Invariant Properties of the Motion Parallax Field Due to 

the Movement of Rigid Bodies Relative to an Observer," Optica Acta 22,9, pp. 773-791 . 

Koenderink, J. J. & van Doom, A. J.  (1976) "Visual Perception of Rigidity of Solid Shape,"  Journal of 

Mathematical Biology 3,79, pp . 79-85 . 

5. Analogical work related found 

- Gibson, J. J. (1950) The Perception of the Visual World, Riverside Press, Cambridge, England . 



- Purdy, Donald McLean (1935) The structure of the visual world. I. Space-perception and the 

perception of wholes  (Lancaster, PA : Lancaster Press). - P. 399-424 ; 25 cm.  Estratto da: The 

psychological review, v. 42, n. 5 (set. 1935). -  Include bibliografia (p. 424) 

- A. S. EDDINGTON The Nature of the Physical World (1928) 

 

Copie:  Bicocca Sede Centrale - Fondo: Fondi ASPI - Coll.: MUS R 0385 - [Consultazione (magazzino)] 

  

6. Crawlered Works 

 
Title: Determining optical flow  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:Optical flow cannot be computed locally, since only one independent measurement is available  from the 

image sequence at a point, while the flow velocity has two components. A second constraint  is needed. A method for 
finding the optical flow pattern is presented which assumes that  ... Cited by 5000 - Related articles   - ACNP Holdings 
- All 50 versions 

 
Title: Performance of optical flow techniques  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:JL Barron, DJ Fleet, SS Beauchemin - International journal of computer  &hellip;, 1994 - Springer... 

Netherlands. Systems and Experiment Performance of Optical Flow Techniques JL ... Abstract While different optical 
flow techniques continue to appear, there has been a lack of quantitative evaluation of exist- ing methods. For a ...  
Cited by 3107 - Related articles - BL Direct - All 71 versions 

 
Title: Determining three-dimensional motion and structure from optical flow generated by several moving 

objects  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:G Adiv - IEEE Transactions on Pattern Analysis and Machine  &hellip;, 1985 - csa.comDetermining three-

dimensional motion and structure from optical flow generated by several moving objects. G ADIV IEEE Transactions 
on Pattern Analysis and Machine Intelligence 7, 384-401, 7/1985. A new approach for the interpretation of optical 
flow fields is presented. ...  Cited by 831 - Related articles - All 6 versions 

 
Title: The computation of optical flow  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:SS Beauchemin, JL Barron - ACM Computing Surveys (CSUR), 1995 - portal.acm.orgPage 1. The 

Computation of Optical Flow SS BEAUCHEMIN AND JL BARRON Unwerslty of Western Ontario ... called the opt~cal 
fZow field or the Lmage veloctty fzeld. Provided that optical flow is a reliable approximation to two-dimensional 
image motion, it may then be used to ...  Cited by 601 - Related articles   - ACNP Holdings - All 39 versions 

 



Title: [PDF] Probability distributions of optical flow  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:EP Simoncelli, EH Adelson, DJ  &hellip; - &hellip; Vision and Pattern &hellip;, 1991 - ldv.e-technik.tu-

muenchen.de1 Introduction The recovery of motion information from visual input is an important task for both  
natural and artificial vision sys- tems. Most models for the analysis of visual motion begin by extracting  two-
dimensional motion information. In par- ticular, computer vision techniques typically  ... Cited by 362 - Related 
articles - View as HTML - All 5 versions 

 
Title: Optical flow estimation: An error analysis of gradient-based methods with local optimization.  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:JK Kearney, WB Thompson, DL Boley - IEEE TRANS. PATTERN ANAL.  &hellip;, 1987 - csa.com ... Many of 

the methods that recover this information require the determination of optical flow--the velocity, on the image, of 
visible points on object surfaces. ...  Cited by 264 - Related articles - All 3 versions 

 
Title: On the estimation of optical flow: Relations between different approaches and some new results  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:HH Nagel - Artificial Intelligence, 1987 - ElsevierA common basis is suggested for the optical flow 

estimation approaches of Nagel (1983), Haralick  and Lee (1983) and Tretiak and Pastor (1984). Based on a 
discussion of these approaches,  an exact solution for the system of partial differential equations proposed by Horn 
and  ... Cited by 471 - Related articles   - ACNP Holdings - All 3 versions 

 
Title: Optical flow using spatiotemporal filters  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:DJ Heeger - International Journal of Computer Vision, 1988 - SpringerThe world we live in is constantly 

in motion-an observer (either a biological organism or a  com- puter being) who depends on visual perception to 
gain an understanding of his environment  must be able to interpret visual motion. Some of the important functions 
of motion  ... Cited by 560 - Related articles - All 7 versions 

 
Title: High accuracy optical flow estimation based on a theory for warping  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:T Brox, A Bruhn, N Papenberg, J Weickert - Computer Vision-ECCV 2004, 2004 - SpringerAbstract. We 

study an energy functional for computing optical flow that com- bines three  assumptions: a brightness constancy 
assumption, a gradient con- stancy assumption, and a  discontinuity-preserving spatio-temporal smoothness 
constraint. In order to allow for large  ... Cited by 357 - Related articles - BL Direct - All 31 versions 

 
Title: Recognizing human facial expressions from long image sequences using optical flow  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:Y Yacoob, LS Davis - IEEE Transactions on Pattern Analysis and  &hellip;, 1996 - portal.acm.orgAn 

approach to the analysis and representation of facial dynamics for recognition of facial expressions  from image 
sequences is presented. The algorithms utilize optical flow computation to identify  the direction of rigid and 
nonrigid motions that are caused by human facial expressions. A  ... Cited by 289 - Related articles - BL Direct - All 8 
versions 

 
Title: Direction of self-motion is perceived from optical flow  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:WH Warren, DJ Hannon - 1988 - nature.comCan moving observers distinguish the direction in which 

they are moving from the direction in  which they are looking? Radial patterns of optical flow could be used to 
perceive the translational  direction of self-motion and to guide locomotion. However, these patterns are 
confounded  ... Cited by 275 - Related articles - All 6 versions 



 
Title: [PDF] A framework for the robust estimation of optical flow  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:MJ Black, P Anandan - Proc. Int. Conf. on Computer Vision, ICCV, 1993 - CiteseerWe consider the 

problem of robustly estimating op- tical ow from a pair of images using a new  frame- work based on robust 
estimation which addresses violations of the brightness constancy  and spatial smoothness assumptions. We also 
show the rela- tionship between the robust  ... Cited by 301 - Related articles - View as HTML - All 11 versions 

 
Title: Motion field and optical flow: Qualitative properties  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:A Verri, T Poggio - IEEE Transactions on pattern analysis and  &hellip;, 1989 - computer.orgAbsrract-

This paper shows that the motionjeld, the 2-D vector field which is the perspective projection  on the image plane of 
the 3-D ve- locity field of a moving scene, and the opticuljlow, defined  as the esti- mate of the motion field which can 
be derived from first order variation of the  ... Cited by 295 - Related articles - All 33 versions 

 
Title: Multidimensional orientation estimation with applications to texture analysis and optical flow  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:J Bigun, GH Granlund, J Wiklund - IEEE Transactions on Pattern Analysis &hellip;, 1991 - ep.liu.seThe 

problem of detection of orientation in finite dimensional Euclidean spaces is solved in the  least squares sense. In 
particular, the theory is developed for the case when such orientation  computations are necessary at all local 
neighborhoods of the n-dimensional Euclidean  ... Cited by 208 - Related articles - Cached - All 5 versions 

 
Title: Eye movements and optical flow  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:WH Warren, Jr, DJ Hannon - Journal of the Optical Society of  &hellip;, 1990 - opticsinfobase.orgReceived 

January 17, 1989; accepted August 15, 1989 Translation of an observer through a  static environment generates a 
pattern of optical flow that specifies the direction of  self-motion, but the retinal flow pattern is confounded by 
pursuit eye movements. How  ... Cited by 247 - Related articles   - ACNP Holdings - All 12 versions 

 
Title: On benchmarking optical flow  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:B McCane, K Novins, D Crannitch, B Galvin - Computer Vision and Image  &hellip;, 2001 - 

ElsevierEvaluating the performance of optical flow algorithms has been difficult because of the lack of  ground truth 
data sets for complex scenes. We present a new method for generating motion fields  from real sequences containing 
polyhedral objects and present a test suite for  ... Cited by 131 - Related articles   - ACNP Holdings - BL Direct - All 11 
versions 

 
Title: Mixture models for optical flow computation  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:A Jepson, M Black - &hellip;  data sets: DIMACS workshop, April 19-21,  &hellip;, 1995 - 

books.google.comDIMACS Series in Discrete Mathematics and Theoretical Computer Science Volume 19, 1995  
MIXTURE MODELS FOR OPTICAL FLOW COMPUTATION ALLAN JEPSON AND MICHAEL  J. BLACK ABSTRACT. The 
computation of optical flow relies on merging information  ... Cited by 261 - Related articles - BL Direct - All 27 
versions 

 
Title: Investigations of multigrid algorithms for the estimation of optical flow fields in image sequences  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:W Enkelmann - Computer Vision, Graphics, and Image Processing, 1988 - ElsevierOptical flow fields are 

useful to describe the motion of objects relative to the observer of a  scene. Smoothness requirements facilitate the 



estimation of optical flow fields even for areas  with constant or only linearly sloping gray value distributions. Horn 
and Schunck (Artif.  ... Cited by 246 - Related articles   - ACNP Holdings - All 7 versions 

 
Title: Robust computation of optical flow in a multi-scale differential framework  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:J Weber, J Malik - International Journal of Computer Vision, 1995 - SpringerAbstract. We have developed 

a new algorithm for computing optical flow in a differential  framework. The image sequence is first convolved with a 
set of linear, separable spatiotemporal  filter kernels similar to those that have been used in other early vision 
problems such as  ... Cited by 249 - Related articles - BL Direct - All 16 versions 

 
Title: On the advantages of polar and log-polar mapping for direct estimation of time-to-impact from optical flow  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:M Tistarelli, G Sandini - IEEE Transactions on Pattern Analysis and  &hellip;, 1993 - 

computer.orgAbstract-The estimation of time to impact is of vital importance for animals as well as for autonomous  
robots. The optical flow, which is the 2-D projection on the retinal plane of the relative, 3-D motion  between the 
observer and the objects in the scene, can be used to estimate the time to  ... Cited by 213 - Related articles - BL Direct 
- All 12 versions 

 
Title: Egomotion and relative depth map from optical flow  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:K Prazdny - Biological Cybernetics, 1980 - SpringerAbstract. When an observer moves in a 3D world, 

optical flow fields are generated on his  retina. We argue that such an observer can in principle compute the 
parameters of his  egomotion, and following this, the relative depth map of the stationary environment solely  ... 
Cited by 242 - Related articles   - ACNP Holdings - All 2 versions 

 
Title: Multidimensional Orientation Estimation with Applications to Texture Analysis and Optical Flow (PDF)  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:J Bigün, GH Granlund, J Wiklund - IEEE Transactions on Pattern Analysis  &hellip; - 

computer.orgAbshact-The problem of detection of orientation in finite dimensional Euclidean spaces is solved  in the 
least squares sense. In particular, the theory is developed for the case when such orientation  computations arc 
necessary at all local neighborhoods of the n-dimensional Euclidean  ... Cited by 247 - Related articles - All 6 versions 

 
Title: Reliable estimation of dense optical flow fields with large displacements  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:L Alvarez, J Weickert, J Sánchez - International Journal of Computer  &hellip;, 2000 - 

SpringerInternational Journal of Computer Vision 39(1), 41–56, 2000 c 2000 Kluwer Academic  Publishers. 
Manufactured in The Netherlands.   ... Reliable Estimation of Dense Optical Flow  Fields with Large Displacements   ... 
LUIS ALVAREZ Departamento de Informática y  ... Cited by 206 - Related articles - BL Direct - All 14 versions 

 
Title: The integration of optical flow and deformable models with applications to human face shape and motion 

estimation  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:D DeCarlo, D Metaxas - cvpr, 1996 - computer.orgAbstract We present a formal methodology for the 

integration of optical flow and deformable  models. The optical $0 constraint equation provides a non-holonomic 
constraint on the motion  of the deformable model. In this augmented system, forces computed from edges and  ... 
Cited by 198 - Related articles - BL Direct - All 19 versions 

 
Title: [PDF] View-based interpretation of real-time optical flow for gesture recognition  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  



Content:R Cutler, M Turk - IEEE Automatic Face and Gesture Recognition, 1998 - CiteseerWe have developed a 
real-time, view-based gesture recognition system. Optical flow is estimated  and seg- mented into motion blobs. 
Gestures are recognized using a rule-based technique based  on characteristics of the mo- tion blobs such as relative 
motion and size. Parameters of  ... Cited by 163 - Related articles - View as HTML - All 18 versions 

 
Title: First-order analysis of optical flow in monkey brain  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:GA Orban, L Lagae, A Verri, S  &hellip; - Proceedings of the  &hellip;, 1992 - National Acad SciencesProc. 

Nati. Acad. Sci. USA Vol. 89, pp. 2595-2599, April 1992 Neurobiology   ... First-order analysis  of optical flow in 
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Laboratorium voor Neuro- en  ... Cited by 163 - Related articles   - ACNP Holdings - All 12 versions 

 
Title: Determining the instantaneous direction of motion from optical flow generated by a curvilinearly moving 

observer  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:K Prazdny - Computer Graphics and Image Processing, 1981 - ElsevierA method is described capable of 

decomposing the optical flow into its rotational and translational  components. The translational component is 
extracted implicitly by locating the focus of expansion  associated with the translational component of the relative 
motion. The method is simple,  ... Cited by 148 - Related articles - All 8 versions 

 
Title: Determination of optical flow and its discontinuities using non-linear diffusion  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
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equations is presented. This approach integrates the classical differential approach  with the correlation type of 
motion detectors. A measure of inconsistency within the optical  ... Cited by 122 - Related articles - All 7 versions 
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Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
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time-varying brightness in image sequences  to estimate optical flow and physical parameters of the scene. Previous 
approacheshan- dled  violations of brightness constancy with the use of ro- bust statistics or with generalized  ... 
Cited by 140 - Related articles - BL Direct - All 25 versions 

 
Title: A database and evaluation methodology for optical flow  
Author: BKP Horn, BG Schunck - Artificial intelligence, 1981 - Elsevier  
Year:1981  
Content:S Baker, S Roth, D Scharstein, MJ Black, JP Lewis, R  &hellip; - 2007 - computer.orgThe quantitative 
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