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Praca opisuje zagadnienia związane z generowaniem i wyświetlaniem obrazów trójwymiarowych na 

wy~w!etlaczach stereoskopowycl1 wykorzystujących widzenie dwuoczne. w e wspomnianych 

wysw1etlaczach efekt stereoskopowy, wywoływany poprzez wyświetlanie niezależnych obrazów dla 

prawego i lewego oka, pozwala na prawidłową i realistyczną percepcję głębi. Renderowanie obrazów dla 

tego typu wyświetl aczy jest jednak problemem złożonym pod względem obliczeniowym, dlatego w pracy 

proponowane są rozwiązan ia zmniejszające próbkowanie sceny, a więc przyspieszające syntezę obrazów. 

Wspomniane rozwiązania wykorzystują cechy układu wzrokowego człowieka do pomijania informacji 

nieistotnych z punktu widzenia percepcji obrazów przez człowieka . w szczególności wykorzystywane są 

cechy niejednorodnej rozdzielczości widzenia (ang. visual acuity), zmiennej czułości na kontrast (ang. 

contrast sensitivity) oraz maskowania treści sceny (ang. visual crowding) . 

Treść pracy opisuje pięć głównych rozwiązań , które wykorzystując percepcyjne cechy układu wzrokowego 

człowieka (ang. human visual system, HVS), przyspieszają syntezę i wyświetlanie obrazów w czasie 
rzeczywistym . 

Niejednorodna rozdzielczość oka, a w szczególności zmniejszenie rozdzielczości dla widzenia 

peryferyjnego, wykorzystane zostało w systemie renderingu kierunkowego (ang. foveated rendering). 

Próbkowanie sceny jest zmniejszane dla kierunków oddalających się widzenia centralnego rejestrowanego 

przez eye tracker. Dodatkowo zmiana próbkowania uzależniana jest od treści sceny. Wykorzystując 

ograniczenia czułości na kontrast, pomijane są treści niewidoczne dla człowieka. Do tego celu opracowany 

został model kierunkowej czułości na kontrast. Opracowane rozwiązanie ponad dwukrotnie przyspiesza 

operację cieniowania w stosunku do dotychczasowych systemów renderingu kierunkowego. 

Rozwin ięciem opisywanej metody jest zaproponowana w pracy technika antyaliasingu, ukierunkowana na 

wykrywanie aliasingu czasowego w peryferyjnych obszarach widzenia o znacząco zmniejszonej 

częstotl iwości próbkowania. Technika oparta jest na splotowej sieci neuronowej uczonej za pomocą 

animowanych scen, które zostały wygenerowane metodą renderingu kierunkowego. 

Cecha maskowania treści sceny wykorzystana została do zastąpienia fragmentów obrazów za pomocą 

metamerów (ang. metamers) , które różnią się od wyjściowego obrazu, ale ta różnica nie jest zauważalna 

dla człowieka . Szczególnie w peryferyjnych obszarach widzenia, metamery mogą zasadniczo różn ić się od 

obrazów syntezowanych klasycznymi technikami, co umożliwia ograniczenie liczby próbek służących do ich 

wygenerowania. w pracy badana jest możliwość wykorzystania metamerów do renderingu kierunkowego. 

Metamery tworzone są za pomocą sieci neuronowej typu GAN (ang. generative adversarial network) . 

Nowatorskim rozwiązaniem jest zastosowanie zniekształconych obrazów do trenowania sieci, co pozwala 

na obniżenie częstotliwości próbkowania sceny. 

Cecha czułości na kontrast wykorzystana została do generowania obrazów dla stereoskopowych 

wyświetlaczy wieloogniskowych . We wspomnianych wyświetlaczach konieczna jest złożona dekompozycja 

obrazu na dwie płaszczyzny obrazu. W pracy zaproponowana została hybrydowa metoda dekompozycj i, 

która bazując na modelu percepcyjnym stosuje dokładną metodę dekompozycji tylko dla treści obrazu, 

które, w punktu widzenia odbioru przez człowieka, mogą zostać zniekształcone przez szybką metodę 

i nterpolacyjną. Opracowana metoda zastosowana została w zbudowanym wyświetlaczu wieloogniskowym . 

w pracy opisano również metodę kompresji jasności obrazów o rozszerzonym zakresie jasnośc i (ang. high 

dynamie range) , która dodaje do systemów renderingu kierunkowego efekt adaptacji do zmiany jasności 
otoczenia. Opracowano model obliczania luminancji adaptacji baz uj ący na analizie otoczenia punktu 

patrzenia oraz zmian adaptacji w czasie (ang. maladaptation). Rozwiązanie zostało przetestowane na 

przykładz ie prototypowej gry komputerowej . 
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DISSERTATION ABSTRACT 

Generation of images for stereoscopic displays using selected perceptual 
features of human visual system 

mgr inż . Marek Wernikowski 
supervisor: dr hab. inż. Radosław Mantiuk, prof. ZUT 

The dissertation deals with the generation and visualization of three-dimensional images on 
stereoscopic displays using binocular vision. The stereoscopic effect is created in these displays 
by displaying independent images for the right and left eyes. This technology allows for a correct 
and real istic perception of depth in the 3D scene. On the other hand, rendering two or mare 
images becomes more challenging in computations. The dissertation proposes solutions that 
reduce the sampling of the scene and thus accelerate the synthesis of images. The solution 
above uses the features of the human visual system to ignore information that is irrelevant from 
the point of view of human perception . In particular, the characteristics of non-uniform resolution 
of vision (visual acuity) and variable sensitivity to contrast visual crowding are used. 

The content of the work describes five related methods that, using the perceptual features of the 
human visual system (HVS), accelerate the real-time synthesis and display of images. 

The foveated rendering system is based on visual acuity changes along the visual field, 
particularly its reduction in peripheral vision . Thus, the number of samples can be reduced for 
areas far away from the gaze direction measured by the eye tracker. The sampling can also be 
changed depending on the scene's content because content that is invisible to humans can be 
omitted or rendered with reduced accuracy. For this purpose, a directional contrast sensitivity 
model has been developed. The proposed foveated rendering method improves the shading 
operation speed mare than twice compared the state-of-the-art foveated rendering systems. 

An extension of the above method is the proposed anti-aliasing technique, which detects 
tempora! aliasing in peripheral vision, where the sampling frequency is significantly reduced. The 
method is based on a convolutional neural network trained using animated scenes that have 
been generated using the directional rendering method. 

The phenomenon of visual crowding was used to replace image fragments with metamers, which 
are different from the original image, but not in a way detectable by a human. Especially in the 
peripheral areas of vision, the metamers can be fundamentally different from images synthesized 
by classical techniques, making it possible to limit the number of samples used to generate 
peripheral image areas. The dissertation examines the possibility of using metamers for 
directional rendering . Metamers are created using GAN training (generative adversarial network). 
A novelty of the solution is the use of distorted images to train the network, which finally allows for 
a lower sampling rate of the scene. 

A complex image decomposition into two image planes is necessary for stereoscopic multifocal 
displays. The dissertation proposes a hybrid decomposition method based on a perceptual model 
of contrast sensitivity. lt uses a rigorous decomposition method only for the image's content, 
which may be distorted by a quick interpolation method. The developed method was tested in the 
eustom multifocal display. 

The dissertation also introduced a tone mapping technique that combines the foveated rendering 
width visual adaptation phenomenon. The adaptation luminance is computed based on the 
surrounding brightness of the gaze point. In this way, the effect of maladaptation, i.e., the smooth 
change of adaptation to brightness over time, is simulated. 
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The PhD thesis of Mr Wernikowski covers the topic of effectively generating stereoscopic 
images by exploiting knowledge of the human visual system. In particular, the thesis sets out 
to make the following major contributions to the field: 

1) Reduce the complexity of the computation traditionally required 

2) Maintain the same level of quality  

3) Improve rendering quality or increase performance without the human being able to 
perceive the difference 

A key focus of the thesis is to benefit from knowledge of the acuity of human vision, which is 
only at its highest in a small circular area around the gaze point.  

The thesis consists of 6 chapters. It starts with a short (unnumbered chapter) which briefly 
states the problem definition, proposed solution, the key goals of the thesis, what type of 
methodology was used and a description of what to expect in the rest of the thesis. This chapter 
provides a very helpful overview of the thesis. Personally, I think this should have been labelled 
as “Chapter 1: Introduction”. 

Chapter 1 provides the background to the research by providing details of how human vision 
works and introduces the concept of foveal rendering. The chapter start with a slightly 
redundant description of how each of the different parts of human vision that are described, 
relate to different sections in the thesis. The descriptions are quite succinct but do provide 
enough detail to lay the foundation for the rest of the thesis. One part of the human vision 
system that I was surprised is not discussed is “visual attention”. This plays a key part of where 
the eye attends to in a scene and thus what is actually being looked at. This can typically 
compliment any gaze measurements, for example: 

 S. Hillaire,G. Breton,N. Ouarti,R. Cozot,A. Lécuyer “Using a Visual Attention Model 
to Improve Gaze Tracking Systems in Interactive 3D Applications”, Computer 
Graphics Forum, September 2010. 

Perception-driven rendering is detailed in Chapter 2. The focus in this chapter is how a 
computer graphics rendering pipeline can be modified to exploit certain feature of human 
vision to reduce overall computational effort or improve overall quality of the resultant image. 
The chapter provides significant mathematical detail which describe the various phenomena 
that are being considered. Of special importance to this thesis are the descriptions in Sections 
2.2.4 and 2.3.5 on “Experimental evaluation”. The chapter concludes with a chapter summary 
and a very helpful description as to what the author’s contribution has been.  

Chapter 3 investigates how metamers may be created and evaluated using machine learning 
with the goal of understanding how the value of structural distortions. The importance of high 
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frequency is correctly identified. This chapter provides a lot of detail on the approach taken. A 
new method of including perception criteria directly in the GAN’s discriminator is presented. 
This approach is then shown clearly with objective and subjective results to provide higher 
perceptual quality images than previous approaches. A limitation though is identified as the 
large structure present in artificial bodies. The chapter concludes with a short summary, and 
again the helpful details of the author’s contribution to this body of work. 

Chapter 4 undertakes the improvement of multi-focal rendering. This is achieved with a novel 
hybrid approach of Linear Blending (LB) and Light Field Synthesis (LFS). The chapter starts 
with a background section, which perhaps should have been included in Chapter 1. A number 
of experiments were conducted to investigate the perceptual quality of the results. The hybrid 
method is able to produce better quality compared with each of the individual approaches while 
also decreasing the computational cost. A number of limitations of the new method are listed, 
including the size of the display. It also does not take into account factors such as head 
movement, sensitivity or accommodation. A helpful summary and description of contribution 
is again provided at the end of the chapter. 

Chapter 5 should be entitled Conclusions rather than Summary and then the Section entitled 
“Conclusions” is really just a summary of the conclusions. An interesting result that is 
highlighted is that the experimental results shows that participants preferred a simplified 
adaption model compared to a more realistic one. Another valuable result was to identify the 
value of creating metamers rather than exact copies. Furthermore, the ability to achieve 
perceived high-quality images with the new hybrid method with a three times lower rendering 
cost is a also a significant achievement. The summary of conclusions is very helpful and clearly 
lays out the significant contribution of the thesis to the field. Finally, the Future work section 
specifies some interesting aspects that need to be explored further. 

Limitations 
There are a few minor limitations in the thesis that the candidate should think about: 

1. The images used for the evaluations are all quite static and rather “artificial”. The 
human eye is never stationary and continually focusses on different aspects of the scene. 
How would your approach deal with movement in the scene? 

2. Related to this is the question of saliency. The human eye will foveate on objects that 
are salient in a scene, especially moving ones. How could saliency be incorporated into 
your system? 

Stengths 
The thesis is well written and very well structured. I particularly liked the “Summary” and 
“Author’s contributions” sections. The candidate's contributions are clearly explained and 
evaluated in detail. Five papers, including papers in top journals is an impressive number to 
come out of this research.  

Summary 
In summary, this thesis is a significant body of work. The candidate has clearly shown a very 
good knowledge of the field. The dissertation is classified by the Reviewer in excess meeting 
the requirements 

 I vote for distinction of the dissertation.  
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Taking into account the presented achievements of the PhD student, and in particular his 
original contribution to knowledge, I believe that the reviewed work meets with a clear excess 
the requirements for doctoral dissertations specified in the law on academic degrees and 
academic title. Therefore, I request that its Author be admitted to public defence. 

Yours sincerely 

 
Professor Alan Chalmers 
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