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Oponentsk$ posudek doktorské diserta¢ni prace Ing. Petra Buriana, ZCU FEL, na téma

Implementation of Selected Bio-inspired Techniques by Programmable
Logic Devices

Pfedlozend disertaini prace popisuje vybrané techniky genetického programovani a evoluc-
nich algoritmti pfi jejich implementaci pomoci programovatelnych logickych obvodd. Prace
je mimo okrajovych kapitol rozdélena do tfi hlavnich kapitol, obsahuje celkem 147 stran a
21 stran p¥iloh. Po tvodu nésleduje popis soucasného stavu problematiky v kapitolach evo-
lugnich algoritmil a hardware. Déle pak jsou uvedeny kapitoly vlastniho reSeni price, jejich
zhodnoceni, pouZité literatura a vlastni publikace a p¥ilohy s uvedenymi zdrojovymi kddy.

Cile prace povazuji za vysoce aktudlni a téma prace za disertabilni. Text je psén srozu-
mitelng, dobrou angliétinou, je podloZen nezbytnou teorii, pfidemZ jsou jednotlivé postupy a
vysledky dobfe dokumentovany.

Vyjadfeni k praci

Po 1ivodu, kde je uvedena motivace a cile prace nasleduji dvé struéné kapitoly s popisem sou-
¢asného stavu — Evoludni algoritmy a hardware. Z popisu je zfejmé dobré orientace disertanta
v daném problému. Jak v tomto popisu, tak i na zacatku kazdé dalsi kapitoly jsou uvedeny
relevantni odkazy na pouZitou literaturu, coZ je nezbytnd podminka pro kvalitni reSersi sou-
¢asného stavu problematiky.

Dalsi kapitoly jsou vénovany vlastnimu fegeni. To obsahuje tTi sméry — Genetické progra-
movani, Evoluéni FIR. filtr a Rozpoznévani obrazu pomoci n-ndsobné neuronové sité. Kazdé
téma je YeSeno i na tdrovni hardwarové implementace algoritmu pomoci FPGA. Je zfejmé,
#e rozsah price je velmi Siroky. Dizertant fedil nékolika riznych problematik pomoci metod,
zaloZenych na evoluénich principech, coZ pfesné vystihuje i ndzev préce. Vlastni pfinos diser-
tanta k dané problematice doklddaji jeho publikace, které jsou uvedeny v zévéru price, a které
povaZzuji za postacujici.

Hlavim tématem prace je genetické programovani, kde se disertant zabjval redukei vy-
podtl udelové funkce. Vyznam prace pro obor je v modifikaci uvedené metody a zejména pak
v hardwarové implementaci rfiznych typh algoritmi zaloZenych na evolucnich principech a
ovéteni jejich Cinnosti p¥i FeSeni soudobych Gloh.

Po formalni strance prace odpovidd charakteru tiskoviny daného typu. Je napséana pfehledné
a srozumitelnd. Vyskytuje se v ni minimum preklept nebo formélnich chyb (napf. Gcelova
funkce neni dasové z4visla, ale spiSe parametrickd, apod.). Nesouhlasit lze s pouZitym vétSim
fadkovanim, které zbyteéné zvysuje tiskovy rozsah prace. Ten je navic umocnén i pouZitym
jednostrannym tiskem. Pokud by prace méla obsahovat zdrojové kédy, tak pouze u kli¢ovych
algoritmi s odpovidajicim popisem. Uvedené zdrojové kédy nepatii do tiSténé pfilohy prace,
ale na vhodny datovy nosié (napf. CD).

Z vécnych nedostatkd bych vybral nésledujici témata a otdzky, na které by mél disertant
pfi obhajobé reagovat:



1. (4st vénovand evoluénimu navrhu FIR filtrd je obsahové velmi struénd s minimélni
reder$i stavu problematiky. Uvedte jaké nové vysledky p¥ind&i.

2. Definovani pozadavku na filtr z hlediska ¢asového pritbéhu vystupni veliiny v ustdleném
stavu, jak je uvedeny v kapitole 5.3, je pfinejmensim zvlaStni. MuZete uvést praktické
vyuziti tohoto pFistupu a porovnat ho s jinymi piistupy?

3. Jak byl stanoven fad filtru a jaka je vyslednad kmitoftova charakteristika navrZeného
filtru v piikladu v uvedené kapitole? Byla viibec zkoumand?
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4. Co vyjadiuji dolni k¥ivky v grafech na obrazku 59 a k demu piislusi méfitko 20 dB/div
uvedené v popisu tohoto obrézku?

Zavérem konstatuji, e diserta®ni prace Ing. Petra Buriana spliiuje stanovené cile. Pfi feSeni
byly pouZity moderni metody, které lze povaZovat za vhodné. Vysledkem jsou modifikace
zndmych algoritmf a ptivodni implementace genetickych algoritmf pro FPGA. Konstatuji, Ze
disertant je schopen tviréi védecké préce a jeho disertadni praci doporuduji k obhajobé.
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Doc. Ing. Vlastimil Vavii¢ka, CsC.
Katedra informatiky a vypoéetni techniky
Fakulta aplikovanych véd

Univerzitni 22, 306 14 Plzeti

OPONENTSKY POSUDEK DISERTACNI PRACE

Autor prace: Ing. Petr Burian

Nizev prace: Implementation of Selected Bio/Inspired Techniques by
Programmable Logic Devices

Tématem piedkladané disertaéni prace je studie a vyvoj netradiénich metod navrhu
elektronickych systému. Jednd se pfevazné o praci teoretickou, podpofenou ale fadou
experimentd, které dokumentuji potencidl navrhovanych metod a maji pfimy dopad na
porozuméni mechanizmim této ndvrhové strategie.

P¥edloZend disertadni prace méa 168 stran a je ¢lenéna do sedmi kapitol. Uvod do
problematiky, podloZeny celou fadou literarnich odkazi, presvédCivé dokumentuje detailni
znalosti autora v problematice evolu¢nich nadvrhovych metod v elektronice.

V odstavci 1.2 autor Ing. Petr Burian definuje tii hlavni ukoly disertadni prace, a to
analyzu kartezianského genetického programovéani, demonstraci adaptivniho
vyvojeschopného HW s implementaci v FPGA a kone¢n€ n-uzlové neuronové sit€, rovnéz
implementované v FPGA.

Prace tvoii kompaktni vyvazeny celek, teoretickd ¢ést je dokumentovana fadou piikladi a
experiment. Dokumentuje rozséhlé spektrum metod, které student musel zvladnout
k dosaZeni vyty&enych cilii a dokladuje jeho Siroky zébér. Velmi pozitivné hodnotim autoriv
navrh modifikace genetického algoritmu v podkapitole 4.3, ktery vede k celkové redukei
rozsahu vypocetnich narok metody. Vedle velmi dobrych znalosti elektroniky z oblasti
programovatelné logiky autor prokézal, Ze se dobfe orientuje i v oblasti programovani pfi
vytvéafeni prostfedki, které vyse uvedené algoritmy implementuji.

Celkové& hodnotim préci pro obor za velmi pfinosnou, vyznam prace autora je navic
objektivizovan fadou publikaci. Ing. Petr Burian publikoval 13 plvodnich praci, z toho jednu
v Casopise s kvalitnim IF, v dal3ich pak figuruje jako prvni autor.

Préce je pséna angli¢tinou na velmi dobré Urovni, je prehlednd a vhodné strukturovana,
vysledky jsou dobfe dokumentovény i v grafické form€. Drobny a nepodstatny ,,pfeklep®
jsem nalezl v jeji Ceské Casti.

Pfipominky k préci:

1. V odstavci 4.2 autor vyhodnocuje vlastnosti stdvajicich navrhovych prostfedkl pro
automatickou generaci zdrojového kddu a zdivodiiuje potfebu vyvoje nového,
jehoz implementaci v dalsi &4sti popisuje. Zajimalo by mne trochu podrobné&jsi
vyhodnoceni vlastnosti nového systému v porovnani se stdvajicimi i z hlediska
vysledkd, nejen z hlediska uZivatelského komfortu.



2. V prikladech byly feSeny tlohy relativné mensiho formétu. Zajimalo by mne, zda
autor zkoumal trend nértistu vypocetnich narokt (doby vypo&tu — popf. evoluce)
pro rozsahlej3i ulohy a jaké ulohy jsou s popisovanym prostfedim feSitelné. Tim
mam na mysli pouzitou tfidu obvodi a i ostatnf prostfedky.

Zavér:

PtedloZena préace a vysledky, dle mého nézoru, prokazuji tviiréi schopnosti autora, a
proto na tomto zéklad& v souladu se zdkonem ¢. 111/1998 Sb. a s ¢l. 107 odst. 1 a2
Studijniho a zkugebniho #4du ZCU doporuduji disertadni praci Ing. Petra Buriana
k obhajobé.

Vs /*r ] // . |
' /Mtwi/“mf‘\/ TSQ/W{‘P«/

Doc. Ing. Vlastimil Vaviicka, CSc.

V Plzni 6. ledna 2014



Evaluation of the Doctoral Thesis
“Implementation of Selected Bio-Inspired Techniques by Programmable Logic Devices”
Candidate: Ing. Petr Burian

Doctoral Thesis Opponent: Doc. Eur.Ing. Bruce Armour Wilkie, Ph.D. C.Eng. MIET
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The thesis has a very wide range covering the theory of evolutionary systems and its application to the
design and implementation of evolvable filters and image recognition_systems. Due to my expertise in
the area of pattern recognition, image processing and n-tuple techniques, my main assessment is
focused on chapter 6. Consequently, I only give a general assessment of chapters 3, 4 and 5. All
sections of the thesis are fairly well presented. Generally, the standard of English is satisfactory apart
from a few mistakes (mainly definite and indefinite articles). o
Following are my comments.
1. Introduction
The Introduction describes the background motivation, goals of the thesis and organisation of the thesis.
2. Evolutionary Algorithms B
Overall, this section provides a comprehensive introduction to Evolutionary Algorithms.
On Figure 4, page 11, the colour ‘green’ makes it difficult to see that the mutation is from ‘0’to “1°.
Also on page 11 is there a typographic error in equation (1)? Here, p(x) and f(x) are defined below the
equation but are not in the equation.
3. Evolvable Hardware
This section provides a concise account of Evolvable Hardware

4. Cartesian Genetic Programming

The initial impression of this chapter is that it is exceedingly long and that some sections could have
been presented as separate chapters.

4.1 Background

This is a suitable introduction. However, perhaps Figure 6 could have been given a better description so
that readers unfamiliar with the technique would acquire a better understanding of the subject.

4.1.2 Mutation Process

There are no problems with this section although, again, for the uninitiated, the details of Figure 8
might have been explained in slightly more detail.

4.2 Software Design Tool
This section describes both the implemented software tool and effectively a user’s guide as how to use

it. Both these parts are important and contribute to the thesis but, arguably, the software user’s guide
could have been included in the Appendix. Otherwise, this section is deemed to be satisfactory.



4.3.3 Experiments and Results

In section 4.3.3.1, page 43, reference is made to 2x2b, 3x2b and 4x3b multiplier circuits. However in
section 4.2.2.8, page 38, a 3x2 multiplier is cited. Also, on page 53-(first paragraph) 3x2 and 2x2
multipliers are stated. What is the meaning of the suffix ‘b’? (i.e., does ‘b’ mean ‘binary’?).

Overall, this section documents interesting and promising experimental results and is deemed to be
satisfactory. -

4.4 Implementation

This section is extremely complex and, arguably, should have been an extra chapter with the detailed
hardware implementation documented in the Appendix. (N.B., this possible criticism is addressed by
the candidate on page 5 of the Introduction).

Otherwise, this section is of a significant value to the Thesis and is considered to be satisfactory.

has it been realised that confidences can only be improved if very high values of grouping and high
values of group thresholds are used.

However, there is a relationship amongst the G1T1, G4T4 and G8T8 responses which has not been
considered. This relates to the following approximate response ‘R’ to an unknown pattern ‘S’ compared
with the ‘average’ Training patterns., i.e., R = 100[(S/T) “GN] % where G is the group value with the
maximum grouping threshold of Gth = G.

For example, if the result for the G1T1 response (78%) is considered as a reference, then the most likely
response (R) for G4T4 is given by:-

R=100(0.78") % =37%.

Similarly, the most likely response for G8T8 is given by:-

R =100(0.78"8) % =13.7 %.

(These experimental results tend to confirm the 100[(S/T)*GN) ]% approximation).

5 Evolvable FIR

The chapter appears to be adequate.

6 Image Recognition Based on N-Tuple Neural Networks
6.4 . Background

The Background is comprehensive and concise with 20 suitable references. Other references could have
been included but, generally, the number of references is sufficient.

6.5 Hardware Implementation

No apparent problems in this section.

Howeyver, the meaning of RAW Figure 67, pagel17, is not defined. Does this infer unprocessed
(literally ‘raw’) data?

Also, one disadvantage of the system is that it appears to have no flexibility in terms of choice of image
array size (i.e., it only processes 24000 pseudo-randomly mapped pixels from the input image).

6.6 Experimental Results

Suitable training and test sets have been implemented.

Figure 71, page 126 is a good example of the achieved responses of the two closest classes (Class 4 and
Class 5.

Figure 72, page 127, showing the responses with grouping and group thresholding is of interest as it
illustrates how the use of group thresholding can reduce confidence levels. This is stated on page 128.
N.B., only recently
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Figure 73 is quite comprehensive. Unfortunately, as the confidence levels of the G4T1 nets are so low
then the colour ‘yellow” is difficult to detect against the white paper background.

It is assumed, (because not stated in the thesis) that thresholds were applied to the input images
(monochrome or colour?). Was automatic or manual thresholding implemented?

Figure 70 indicates that 11 classes were used, but only the responses for 6 classes are shown.

Was this because classes 7, 8,9, 10 and 11 were so dissimilar from each other and from the other
classes that they could be ignored?

6.7 Comparison with Other Methods and Implementations

It is accepted that comparisons with the n-tuple technique are extremely difficult to assess.

In general, the n-tuple technique is more suitable for the recognition of high resolution, medium spatial
images and, without image pre-processing, are either useless (e.g., texture analysis) or poor for low
spatial frequency images (e.g., small areas of black on a large white background).

Unfortunately, distance measures, although excellent for the recognition of low-dimensional pattern
spaces they are generally unsuitable for high resolution images. Another inherent problem is that of
defining which features are to be extracted from an image in order to perform successful distance
measurements. This is outlined in the Conclusions, page 135, but should have been stated on pages
130/131. On page 131, it is only stated is that the distance measures were implemented in software by
the National Instruments Vision Builder for Automated Inspection (NIVBA1). So what features were
extracted?

In this thesis three distance measurements are presented; those of the Nearest Neighbour Algorithm, the
Minimum Mean Distance Algorithm and the K-Nearest Neighbour Algorithm. In practice, these
techniques are all variations of the same theme and would not be considered as a solution for the
documented recognition task.

One possible technique which might have been implemented is that of template matching and
calculating the Hamming Distance between each test class and all of the trained classes. In this case,
only one training class is stored in memory as a reference and either linear or pseudo-random mapping
can be used (either one makes no difference to the resultant responses). For the images documented in
this Thesis, compared with the distance measurement algorithms, template matching might just work.
However, the confidence levels would be so small that, in practice, such an approach might not be
successful. Another major problem with this approach is that only one reference pattern per class can be
stored. Consequently, there is no generalisation and the technique degrades into yet another distance
measurement scheme.

On Page 131, paragraph 3, the achieved speed is quoted as about 170 fps. Surely this infers a
recognition speed (rps) of 170. This comment is made because in standard PAL TV terminology a
frame is one complete picture and the frame rate (fps) is 25 per second.

7 Conclusion

Overall, the Sections relating to Cartesian Genetic Programming, Evolutionary Design and Evolvable
Finite Impulse Filters are considered to be satisfactory.

N-Tuple Neural Networks

The conclusions briefly describe how a new HW specialised implementation of n-tuple networks,
utilising node grouping, has been achieved utilising an FPGA device with a memory organisation which
provides high efficiency and high speed recognition performance.

Paragraph 2 states that the overall design enables over 12000 images per second or, at a frame rate of
1fps, 195000 discriminators per second (see page 131,paragraph 3, again the definition of fps is
incorrect).

However, the cost of this high speed performance infers that there is no choice in choosing either the
size *n’ of the n-tuple or of the number of pseudo-randomly mapped pixels from the input image.
Additionally, because the system does not have a fully buffered TV frame store, then there is no
flexibility in terms of processing different window positions or sizes.



It is accepted that the presented system has many merits and is much specialised, but the lack of
flexibility is a major concern if it were to be used as a ‘general’ evaluation tool for other pattern
recognition applications. (Perhaps this might be considered for future work?).

Parts of paragraph 2, page 135 should have been included in section 6.4 to outline the relative
advantages and disadvantages of using distance measures.

Otherwise, apart from these minor adverse comments, the conclusions are totally adequate

In summary:

In my opinion, the candidate contributed to the field of science and technology in several ways.
Initially, a great deal of work has been undertaken on FPGA devices to implement Evolutionary
Algorithms in Evolvable Hardware, and also on the n-tuple methodology (enabling the grouped-node
technique) utilising an optimised memory configuration which achieves very high processing speeds.
Also, with a suitable user’s guide, an effective software tool the “Evolutional Designer” has been
developed.

In terms of results, the major contributions are promising and interesting results were obtained for the
multiplier circuits and the Finite Impulse Filters.

In the case of the N- Tuple Networks, the results indicate how the use of ‘grouping’ improves
confidence levels and, for low values of grouping, a lower grouping threshold lowers confidence levels.
These are positive results and confirm previous experimental results obtained over the past 25 years. It
must be emphasised that these results were not known to the candidate because, until recently, the
technique was ‘company confidential’ and it was protected by a patent granted in 1991(now expired).
Consequently, it should be considered that the candidate has made a contribution in this area.

In general, I have few adverse comments on the contribution of this thesis, to the relative field of study,
the procedures applied, the achievement of the defined objectives, the results, the contribution of the
candidate and the presentation of the thesis. When the candidate gives his defence of this thesis, [
assume that my adjudication has been made clear and that he defends some of the comments I have
made.

The Author’s publications (13) are satisfactory both in their number and in their quality.

After careful evaluation of the submitted thesis, I recommend it for doctoral defence.

S Willie

26™ November 2013 Doc. Eur.Ing. Bruce Armour Wilkie, Ph.D. C.Eng. MIET



