
 

 

Thesis: 

Bio-Inspired Vision Model Implementation 

In Compressed Surveillance Videos  

by  

Saman Poursoltan 

Thesis submitted for the degree of 

Doctor of Philosophy 

in 

Electrical and Electronic Engineering 

University of Adelaide 

 

November 2014 

 

© 2014 

Saman Poursoltan  

All Rights Reserved  

 

  



 

 

 



 

I 
 

Contents 

Chapter I Introduction .............................................................................................................. 1 

I.1 Thesis Motivation............................................................................................................ 1 

I.2 Outline ............................................................................................................................. 4 

I.3 Contributions Summary ................................................................................................ 6 

I.3.1 Contrast enhancement (photoreceptor) .................................................................................................. 6 

I.3.2 Spatial-temporal pre-compression video enhancement (LMC) ............................................................. 6 

I.3.3 Region of Interest Coding and EMD ..................................................................................................... 7 

I.3.4 Face Recognition Enhancement ............................................................................................................ 7 

Chapter II Conventional Surveillance Video Technology ...................................................... 8 

II.1.1 Interdisciplinary research ..................................................................................................................... 8 

II.1.2 Research Approach .............................................................................................................................. 8 

II.2 General challenges in Surveillance Video ................................................................. 10 

II.2.1 Surveillance Video Quality ................................................................................................................ 11 

II.2.2 Complex lighting conditions .............................................................................................................. 12 

II.2.3 Surveillance Cameras Dynamic Range .............................................................................................. 13 

II.2.4 Position of surveillance cameras ........................................................................................................ 14 

II.3 Motion in Surveillance Video ..................................................................................... 15 

II.3.1 Conventional Motion Detection ......................................................................................................... 16 

II.3.2 Conventional Motion Segmentation ................................................................................................... 17 

II.3.3 Psycho-visual Motion Detection techniques ...................................................................................... 18 

II.4 Video Compression ..................................................................................................... 18 

II.4.1 Introduction ........................................................................................................................................ 18 

II.4.2 Quality of decompressed Video ......................................................................................................... 19 

II.5 General Challenges in Forensic video analysis ......................................................... 22 

II.5.1 Surveillance Video quality in forensic analysis ................................................................................. 22 

II.5.2 Video compression and forensic analysis ........................................................................................... 24 

II.5.3 Conventional techniques in forensic analysis ..................................................................................... 24 

II.6 Summary ...................................................................................................................... 25 

Chapter III Biological Vision system ..................................................................................... 27 

III.1 Human Vision ............................................................................................................ 28 



 

II 
 

III.2 Insect Vision systems ................................................................................................. 32 

III.2.1 Photoreceptor (phototransduction) Features ..................................................................................... 35 

III.2.2 Laminar Monopolar Cells (LMCs) Features ..................................................................................... 36 

III.2.3 Elementary Motion Detectors (EMDs) features ................................................................................ 37 

III.3 Research Workflow: .................................................................................................. 38 

Chapter IV Photoreceptor and Complex Lighting................................................................. 40 

IV.1 Problem statement ..................................................................................................... 40 

IV.2 Lighting conditions and Conventional video enhancement ................................... 40 

IV.2.1 Histogram equalization ..................................................................................................................... 41 

IV.2.2 Tone mapping ................................................................................................................................... 41 

IV.3 Biologically Inspired contrast enhancement ........................................................... 42 

IV.4 Brief discussion of time complexity .......................................................................... 44 

IV.5 Photoreceptor Model Description ............................................................................ 46 

IV.5.1 Gain Control (Stage 1) ...................................................................................................................... 49 

IV.5.2 Divisive feedback temporal filtering (Stage 2 and Stage 3) .............................................................. 49 

IV.5.3 Naka-Rushton transformation (Stage 4) ........................................................................................... 51 

IV.6 Temporal Filtering (Step Response) ......................................................................... 52 

IV.7 Photoreceptor Implementation ................................................................................. 53 

IV.8 Card Recognition Experiment .................................................................................. 54 

IV.8.1 Automatic object recognition ............................................................................................................ 54 

IV.8.2 Shape classification algorithm .......................................................................................................... 56 

IV.8.3 Polar system implementation ............................................................................................................ 59 

IV.8.4 Card segmentation process in real world .......................................................................................... 61 

IV.8.5 Spatial frequency Analysis ............................................................................................................... 62 

IV.8.6 Statistical Analysis ............................................................................................................................ 65 

Chapter V LMC and Non-Linear Spatio-temporal Enhancement ....................................... 70 

V.1 Problem statement ....................................................................................................... 70 

V.1.1 Challenges for surveillance applications ............................................................................................ 72 

V.1.2 Conventional techniques .................................................................................................................... 73 

V.2 LMC Model Introduction ........................................................................................... 75 

V.2.2 Post-Compression or Pre-Compression? ............................................................................................ 77 

V.3 Experiment Description .............................................................................................. 79 



 

III 
 

V.3.1 Fourier Descriptor: ............................................................................................................................. 82 

V.3.2 Video Compression Implementation .................................................................................................. 84 

V.4 Statistical analysis........................................................................................................ 85 

V.4.1 Comparison with Conventional Methods ........................................................................................... 89 

Chapter VI EMD and Region of Interest Coding .................................................................. 91 

VI.1 Problem statement ..................................................................................................... 91 

VI.1.1 Challenges for surveillance systems ................................................................................................. 91 

VI.1.2 Region of Interest Coding ................................................................................................................. 92 

VI.1.3 Conventional enhancement techniques ............................................................................................. 93 

VI.2 Elementary Motion Detection (EMD) Model Description ..................................... 95 

VI.3 EMD Implementation ................................................................................................ 96 

VI.3.1 Experiment Description .................................................................................................................... 96 

Chapter VII Integration – Early study on facial recognition.............................................. 107 

VII.1 Introduction ............................................................................................................ 107 

VII.2 Face Recognition and Compressed Video ............................................................ 110 

VII.3 Methodology ........................................................................................................... 112 

VII.3.1 Introduction to PCA Algorithm ..................................................................................................... 115 

VII.4 Results ..................................................................................................................... 118 

Chapter VIII Conclusion and Future Work ........................................................................ 121 

VIII.1 Discussion of Challenges ...................................................................................... 121 

VIII.1.1 Surveillance video compression ................................................................................................... 121 

VIII.1.2 Biological vision system .............................................................................................................. 121 

VIII.1.3 Insect vision system and its components ...................................................................................... 121 

VIII.2 Future Direction.................................................................................................... 122 

Appendix A ............................................................................................................................ 124 

A.1 Filtering in Spatial Domain ...................................................................................... 124 

A.1.1 Canny Edge detector ........................................................................................................................ 124 

A.1.2 Symmetric Gaussian low pass filter ................................................................................................. 125 

A.2 Template Matching ................................................................................................... 126 

A.3 Thresholding Techniques ......................................................................................... 127 

A.4 Affine Transformation .............................................................................................. 129 



 

IV 
 

A.4.1 Translation: ...................................................................................................................................... 130 

A.4.2 Rotation: ........................................................................................................................................... 130 

A.4.3 Scaling: ............................................................................................................................................ 130 

A.4.4 Reflection: ........................................................................................................................................ 130 

Appendix B Matlab Codes .................................................................................................... 132 

B.1 Bio-Inspired Pre-Processing Algorithm .................................................................. 132 

B.1.1 Main code ......................................................................................................................................... 132 

B.1.2 Photoreceptor ................................................................................................................................... 134 

B.1.3 LMC ................................................................................................................................................. 135 

B.1.4 EMD ................................................................................................................................................. 136 

 

  



 

V 
 

Abstract 
In this thesis, the application of biomimetic vision models is proposed and evaluated in the field of 

surveillance video enhancement. It is argued that conventional video compression and representation, 

even that which is used in surveillance applications, is optimised for entertainment purposes and is 

demonstrably compromised when it comes to retention of details of relevance to recognition of 

surveillance-relevant objects such as faces and car licence plates. 

Four sets of investigations with experimental results are presented. These are the application of three 

stages of biomimetic modelling of the blowfly eye and psychovisual system: 

1. The Photoreceptor Model as a non-linear temporal enhancement method. It is demonstrated 

that the contrast enhancement introduced by this process improves object recognition under 

real-world lighting conditions, with specific application to the recognition of shapes (i.e. 

playing card suits in our experiments).  

2. The Laminar Monopolar Cell (LMC) model as a non-linear spatio-temporal information 

compression stage. This stage retains, in particular, the details of moving objects in the field 

of view. The application of this stage to car licence plate alpha-numeral characters is 

demonstrated as a pre-processing stage before conventional MPEG-like video compression is 

applied. It is shown that under low to moderate levels of video compression and under 

realistic lighting conditions, that distinguishing features between similar characters are 

retained, hence improving the performance of subsequent character recognition.  

3. Elementary Motion Detection (EMD) as a subsequent biomimetic stage which measures 

velocity in the field of view. The EMD is applied as a detector of moving objects in the field 

of view, which are subsequently investigated as a Region of Interest in surveillance 

applications. It is demonstrated under complex lighting conditions that car licence plate 

details can be retained at high compression rates using this approach, especially when 

combined with LMC enhancement, compared with conventional approaches with the same 

data bandwidth constraints. 

4. The LMC and EMD models are also considered in a preliminary study of facial feature 

enhancement and recognition. It is demonstrated that facial features are retained at lower data 

rates than conventional signal processing approaches would support. 

Results are compared with conventional signal-processing based enhancement approaches, and 

computational complexity is also considered. It is argued and demonstrated that the biomimetic 

approach is not only effective in improving recognition rates through the retention of structural details 

in enhanced video sequences, but that the enhancement is of relatively low computational complexity, 

and is highly suited to contemporary parallel graphics processing. 
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