
Nethergate, Dundee, DD14HN, Scotland 
Direct Dial: 01382 384 507       Mobile number: 07964 902 481 

E-mail:  t.cizmar@dundee.ac.uk      web: http://complexphotonics.dundee.ac.uk 
 

University of Dundee 
 

School of Science & Engineering 
 

17 t h  June 2016 
 

Dr Tomas Cizmar 
School of Science and Engineering  

University of Dundee 
Nethergate 

Scotland, DD1 4HN 
Tel: 01382 384507 

t.cizmar@dundee.ac.uk 
 

To:  Professor Radim Chmelík, Ph.D. 
 Members of the PhD assessment committee 
 

Re: Review of Petr Bouchal’s PhD thesis 
 
Dear Professor Chmelík and the members of the assessment committee. Here I review the thesis submitted 
by the above candidate as a basis for his PhD award.  
 
The thesis describes proposition and/or implementation of several prominent imaging techniques related to 
incoherent correlation imaging enhanced by spatial modulation. The results are substantial and given the 
outstanding list of impact publications combined with other outputs, the candidate demonstrated excellent 
understanding and technological capability in this field. The work is written in clear and understandable 
manner and has great graphical aids. Comparing to other dissertation of FSI from previous years, the work 
would rank between the top ones and I have no doubt the PhD title should be awarded.  
This being said I don’t think the candidate fully utilized this opportunity to demonstrate his overview of 
the field and its relevance to applications.  
 
The work would deserve better structure. Each PhD thesis should aspire to provide an efficient overview 
for new scientists joining the field; this thesis is however written more like a justification of the candidate’s 
efforts within the PhD duration.  
Chapters 1,2,3 (~2 pages each) are not fully understandable until the reader progresses to chapter 4.    
 
All the introductory chapters (1-4) are somewhat glossy with several problems detailed below; particularly 
it assumes a lot of reader’s prior knowledge about imaging, microscopy, spatial modulation and other 
important aspects of this field. It also does not discuss the importance of this work well in the scope of 
related disciplines and potential applications.  
  
Further for chapter 4, Fig. 1 categorizes various imaging methods between ‘Advanced imaging’ and 
‘Structured illumination’. I think that several approaches under structured illumination belong to the most 
advanced imaging approaches we have nowadays available. This separation is confusing.  
In contrary to what is stated in chapter 4, Betzig and Moerner have not been awarded the Nobel Prize for 
STED. They are authors of alternative wide-field (as opposed to scanning) super-resolution techniques 
(PALM / STORM). 
Within this overview, aiming to provide balanced introduction into the field of imaging and microscopy, 
much larger emphasis is paid to holographic microscopy and correlation imaging than to other approaches. 
This is of course desirable in light of the results, but I believe these should be clearly split into two separate 
sections not to depreciate the importance of other branches.    
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For chapter 5, principles of light modulation using a SLM are not introduced. The reader may get confused 
how the polarization adjustment creates two mutually coherent waves of signal and reference.  
In the section 5.1.1 a super-resolution performance is demonstrated. Generally there are two categories of 
super-resolution; one in principle allowing for unprecedented resolution (PALM/STORM/STED), the 
other allowing for resolution up to ½ of the diffraction limit (deconvolution, structured illumination, 
speckle-based imaging and many others). The candidate’s efforts belong to the second category, while the 
super-resolution techniques in the introductory chapter 4 belong to the first one. This should be clarified in 
both places.  
The USAF 1951 resolution target images in Figs. 4 and 5 seem stretched vertically.  
The candidate is explicitly critical to work by others in several places: “…where rather artificial 
experimental conditions were used”, “the performed experiments were not supported by an adequate 
theory”, “the configurations optimized for monochromatic light were unjustifiably used” etc. It is perfectly 
valid to have an opinion on prior arts, but is not a good practice being negative here. It is much more 
efficient to relay problems on the side of others to advancements on our side, for example “for the first 
time we show these principles in biologically relevant conditions”, “for the first time we provide robust 
theoretical model”, “our work extends the validity of these findings across a broad spectrum of 
frequencies” etc.  
Figure 14 shows a trajectory of a particle within a data-cube having side of ~10 microns. The text below 
states: “with the accuracy in units of micrometers in all three dimensions (Fig. 14c).”   How was the 
accuracy estimated? I am surprised the accuracy is so low and also ‘isotropic’. Under such conditions (NA) 
the accuracy of other know approaches should be much better than just units of microns, typically 1s-10s 
of nanometers laterally and 10s-100s of nanometers axially.  
The author states “The axial localization technique has even become the basis of the three dimensional 
super-resolution imaging in fluorescence microscopy [74]” - this is only the case of some super-resolution 
fluorescence techniques. For example 3-D STED introduced in chapter 4 is typically achieved via ‘bottle’ 
depletion beam.  
 
In chapter 6, Figure 20, the SLM appears as transmiss  ive device while in the pervious cases it was 
reflective. I presume the SLM was still reflective and the figure was designed in this fashion in order to 
minimize complexity, however this should have been explained in the text or the caption.  
Chapter 7 (Conclusion) is also minimalistic and lacks future outlook. 
 
Pages xii, 5, 14, 60 are blank for no apparent reason.  
 
I propose the following questions for the viva: 
 

• What	 advantages	 do	 the	 new	 methods	 bring	 in	 light	 of	 the	 state-of-the-art	 bio-medical	
imaging?	

 
• In	which	specific	cases	would	these	be	desirable?		

 
• Are	 there	 any	 particular	 biomedical	 questions	 or	 other	 challenges	 that	 the	 new	 imaging	

methods	would	allow	to	answer?	
 
  
Yours sincerely 

 
Dr Tomas Cizmar  


