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PREFACE

Dear Reader,

On behalf of the aut hor s dargetefeour bdok. 8cenceé id |
general is a cosmopolitasubject and there are no borders for scientific ideas and discoveries.
There are many and many scientific laws which are known to have been discovered
simultaneously by independent researchers in different countries. That hdyepeneduring the
existence of the weknown Iron Curtain around the Soviet Union. Nowadays communication
between scientists of different countries has become more and more indispensable. Multiple
ways of collaboration have been developed between vainstitutions of different countries.

That is why the knowledge of foreign languages is necessary for communication between peopl
in the modern world.

Three dimensional (3D) displays find more and more applications in modern systems for
information represntation as 3D imaging allows transferring far larger amount of information to
the observer. But the creation of 3D displaying system reconstructing the image approximate tc
the reality is not an easy task. In fact, the best bulk image can be reconsirixtikdmedia. So,

a question of great importance for scientists is how to create the artificial volumetric media.
Nevertheless, the modern level of science allows inventing various systems based on differer
physical principles for reconstruction of 3Peses.

This book is a handbook for students who study Physics and Optics in particular and who
strive for having a good command of English. Here we have used the originatrestisdby
the native speakers of English. Only the texts of two units betotige scientists whose native
language is not English but who have been living and working in Ergphisaking countries for
many years. The texts used in this book are not written for educational purposes but they hav
been taken from original scientifpapers. By kind permission of the authors we use the original
materials for learning purposes. All scientific sources of the texts are modern (froni 2000
2006) and reflect the uip-date state of the English language.

The book consists of four parttn the first one the principles dfpatial vision are
discussed. The rest three are devoted to the mathods of 3D displaysrhe authors tried to
build the book in a uniform way that is why each unit has the same structure which makes it
easier and chrer to work with the material.

The topic of the book concerns the most popular and developed of known meti3@is of
image reconstruction such as stereoscopy, gt displays, holography, and volumetric
displays. The stereoscopic system consists of two separated channels which translate the optic
signals to the left and right eyes simultaneously but separatedy dire to the parallax effect
the observer s br ai n3Dscene.dmesnukviewdismaysthdve nairoma g e
angle zones each of which directs the optical flow to the right and left eyes separately. The
holographic approach allows reconsting the most realisti@D images but the creation of a
display using this method requires very big velocity and very big memory of a computer to
process a large amount of information. Nevertheless, such systems are becoming more and mc
perfect. The valmetric method foresees the presentation of volumetric media in whi@Dthe
image is reconstructed.

The main aim of the book is to develop such essential language skills as Reading anc
Speaking. I't also gives t he totpaps@te texisron Physicd o
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and Optics in particular. It is necessary to point out that the use of the book helps students bot
broaden their range of vocabulary and gain profound knowledge of Optics.

We hope that the book finds a lot of readers among university students learning English for
special purposes. We wish you good luck, perfect knowledge of English and interest to scienct
and itsactively developing pait registration and representationtbfee dimensional images

Vladimir Petrov

Professor of AppliedPhysicsChair
of Saratov State University



PART ONE

SPATIAL VISION



UNIT 1
LIGHT PERCEPTION AND EYE PHYSIOLOGY

READING

|. Read the following wordspaying attention to their pronunciation.

Particular [pFizt) kjdIA], either payhA], adequatet djkw;t], distinguish[d)sa)Bgw)¥|, attribute
[ tribjuz], cornea kdziA], choroid [kA dd, d], fovea [A oiA], iris [m; As], infinitesimal
[} nfynj res Aml].

Il. Try to guess the meaning of the words in bold type.

translucent adj allowing light to pass through but not transparent: Frosted glass is translucent./
Light entering the human visual system originated on the other hand from the light transmitted
through some translucent objécimages are perceived to be translucent! Dea6s s ki n
translucent quality so that you can almost see the veins under it./ This china is so fine and delicate
that i f you hold it up to the light Ptds tran
perceivev become aware of, esp through eyes or the mind: A human being viewingkthe

light sources will perceive the sources differently.

dim adj not light, not seen clearly; not able to see clearly: the dim outline of buildings on a dark
night/ dim memories/ This eyesight is getting dimmer.

pure adj unmixed with any other sulasice: pure air, free from smoke, fumes, etc/ The laser
produces an extremely light and pure red beam.

hue n (shade of) colors: the dark hue of the ocean/ There are three common perceptual descriptors
of a light sensation: brightness, hue, and saturation.

dit n long narrow cut or opening: A prism and slit arrangement can produce narrowband
wavelength light of varying color.

encounter v find oneself faced of (danger, difficulties etc); meet (a friend, unexpectedly): Some
colored lights encountered in natane not contained in the rainbow of light produced by a prism.
infinitesimal adj infinitely small: Such a task is presently beyond human abilities because of the
large number of infinitesimal small elements in the visual chain.

vicinity n nearness, neighboh o o d : There isndt a good school i
cones in the vicinity of the optic nerve.

lll. Skim the text quite quickly to get a general understanding and answer the questions
given. Consult the vocabulary after the text.

Tip! You can understand a lot about a text by reading the title, the subeading, the
introduction, conclusion and the first and last sentences of the other paragraphs. Skim the text
for the answers, rather than reading for detail

1. What is this text about?
2. What are the names of three common perceptual descriptors of a light sensation?
3. What does the saturation describe?



4. Are rods or cones more sensitive to light?

LIGHT PERCEPTION AND EYE PHYSIOLOGY

Light, according to Webster's Dictionary, is "radianergy which, by its action on the organs
of vision, enables them to perform their fun
properties of light, but the mechanism by which light interacts with the organs of vision is not as
well understood.

Seweral common sources of light encountered in imaging systems are sunlight, a tungsten lamp,
a lightemitting diode, a mercury arc lamp, and a hehlwson laser. A human being viewing each
of the light sources will perceive the sources differently.

Sunlight appears as an extremely bright yellowghite light, while the tungsten light bulb
appears less bright and somewhat yellowish. The-&gtitting diode appears to be a dim green; the
mercury arc light is a highly bright bluiskhite light; and the laserrpduces an extremely bright
and pure red beam. These observations provoke many questions. What are the attributes of the light
sources that cause them to be perceived differently? Is the spectral energy distribution sufficient to
explain the differences iperception? If not, what are adequate descriptors of visual perception? As
will be seen, answers to these questions are only partially available.

There are three common perceptual descriptors of a light sensation: brightness, hue, and
saturation. The chacteristics of these descriptors are considered below.

If two light sources with the same spectral shape are observed, the source of greater physical
intensity will generally appear to be perceptually brighter. However, there are numerous examples
in whichan object of uniform intensity appears not to be of uniform brightness. Therefore, intensity
is not an adequate quantitative measure of brightness.

YELLOW
SUNLIGHT
i GREEN

BLUE"™sLiT

Figure 1.1. Refraction of light from a prism [1].
(Permission for Reprint, courtesy of John Wiley & §dnc)

The attribute of light that distinguishes a red light from a green light or a yellow light, for
example, is called the hue of the light. A prism and slit arrangement (Figure 1.1) can produce
narrowband wavelength light of varying color. Howevers clear that the light wavelength is not
an adequate measure of color because some colored lights encountered in nature are not containec
in the rainbow of light produced by a prism. For example, purple light is absent. Purple light can be
produced bycombining equal amounts of red and blue narrowband lights. Other counterexamples
exist. If two light sources with the same spectral energy distribution are observed under identical
conditions, they will appear to possess the same hue. However, it isl@deshave two light
sources with different spectral energy distributions that are perceived identically. Such lights are
called metameric pairs.

! The text wasdopted fronthe original book of WK. Pratt, A Di gi t a | i mage prochyssing: PI
courteous permission of John Wiley & Sons, Inc.
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The third perceptual descriptor of a colored light is its saturation, the attribute that distinguishes
a speatal light from a pastel light of the same hue. In effect, saturation describes the whiteness of a
light source. Although it is possible to speak of the percentage saturation of a color referenced to a

spectral color on a chromaticity diagram, saturationasusually considered to be a quantitative
measure.

TEMPLE SIDE

IRIS

NASAL SIDE

Figure 1.2. Eye cross section [1].
(Permission for Reprint, courtesy of John Wiley & Sons) Inc.
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Figure 1.3. Distribution of rods and cones on the retina [1].
(Permission for Reprint, courtesy &shn Wiley & Sons, Ing.
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A conceptual technique for the establishment of a model of the human visual system would be
to perform a physiological analysis of the eye, the nerve paths to the brain, and those parts of the
brain involved in visual perceptiorsuch a task, of course, is presently beyond human abilities
because of the large number of infinitesimally small elements in the visual chain. However, much
has been learned from physiological studies of the eye that is helpful in the developmentl of visua
models.

Figure 1.2 shows the horizontal cross section of a human eyeball. The front of the eye is
covered by a transparent surface called the cornea. The remaining outer cover, called the sclera, is
composed of a fibrous coat that surrounds the choaoldyer containing blood capillaries. Inside
the choroid is the retina, which is composed of two types of receptors: rods and cones. Nerves
connecting to the retina leave the eyeball through the optic nerve bundle. Light entering the cornea
is focused onhe retina surface by a lens that changes shape under muscular control to perform
proper focusing of near and distant objects. An iris acts as a diaphragm to control the amount of
light entering the eye.

The rods in the retina are long slender receptbescbones are generally shorter and thicker in
structure. There are also important operational distinctions. The rods are more sensitive than the
cones to light. At low levels of illumination, the rods provide a visual response called scotopic
vision. Conegespond to higher levels of illumination; their response is called photopic vision. An
eye contains about 6.5 million cones and 100 million rodes distributed over the retina. Figure 1.3
shows the distribution of rods and cones over a horizontal lineeoretma. At a point near the
optic nerve called the fovea, the density of cones is greatest. This is the region of sharpest photopic
vision. There are no rods or cones in the vicinity of the optic nerve, and hence the eye has a blind
spot in this region.

Vocabulary Notes

radiantenergyi 1 dzj tafeLddziz y gzbzg f mWzp G e d v

imagingsystemi nd Misj BO Wtstcdzdtetso Odzedw ddzd BBtOBSISSEd dL t
tungstedampi o sdz' W tcOdRBso OV OB © dzOSC Odzd © Odzed W

bulbT ZO B sy < O

narrowbandvavelengthighti f sylsd ®odss tesiZOISdyd Mcd2 Mo jls
cyani 6 sdzzB 52 ( sH d dz dAMYRBjieCydsitMagemmtd friddguwdz Black)
metamerigairi d3j sOd3j ted Yy M O f Otc O

chromaticitydiagrami ¢ e OW d ¢ yo j sdatsmis j 2

comea csesoadyoO (et OW SBEEYS O 6 dzOL O)
outercoveri dzO tc Iz ¥ BA® tzts B¢ O

sclerai S dzj t©® ( BJ dzsydzOwW tsBtsdZcys © 6 dzOL 0O)

choroidsi ftsMizH d MisOW BtSdZsy¢O® ¢ &zOL O

insTtcOH 2y dzZOVY BB AESYS O 6 &zOL O

visualresponsé tc j OC ydvw L tedlsj dz dzs?2 MmdMmlsj d3r

scotopicvision (nightvision) T MS slssf dyj M s (desydetsj ) L tej ded j
photopicvision (dayvision) T W tsls ts §f d (i dRiCopdets j dzd J

Active Vocabulary:

sensation sh M jdedj; otMmftedvisdd

attributei Mo s2 Mlso ts; lsdzdydlsj dz@ dzOvw yj tels O
uniformi sHd dzZ0OSC s " 2; GHdSSHD 2; ©0Os desd3j tedzr 2
huei yo j sso ts?2 Istsdz

saturatiori dzOfyr h j dzdzts i ls !

guantitativemeasuré § ts dzd y J &% o g3 fddz0
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sliti b j dz

arrangemerit 3j - Odzd L d3; ftod Mt smtse dzj dzd j
refractioni f tc j dzts d3dzj dzd Jj

underidenticalconditionsi 9 s H d dzO Sztdpdrtste d W -
infinitesimallysmalli B8 j ) ¢ ts digfOdztlz®

crosssectionl ff s | tc jtoue' t2 L

bundleinew L CO; § Eyt¢

respondto)i tc j O Jtetso Ols! ( dzO)
light-emittingdiodei o j ssd L dzyoOs h d2 HJBH
retinai mj sy O (MJlsyOsoOw BBBAEESYSO 6 zOL O)
rodsif Odzsy<¢d (MmJjlsyolsS d)

cones CsdzBtsysd (Milsyolss d)

eyeballi ¢ dzOL detsj W B dzs¢ s

lensi r czMlsOdzd ¢ G &zOL O

foveai yj dzlstc Odz' dzOv W RBC O (MjlsyOlsSd)
blindspoti ffdzj s § W Is dzgts

mercuryarclampi tcls zIs &zO%W HEZcGc o OV dzOWBY O

IV. Read the text attentively for detail and answer the following questions.

Which attribute of light distinguishes a red light from a green light?

What are the attributes of the light sources tiaatse them to be perceived differently?

Which spectral energy distributions should two light sources have in order to possess the same
hue when observed under identical conditions?

How many perceptual descriptors are there?

What lights are called metamepairs?

What does the saturation describe?

What does figure 1.2 show?

At what point is the density of cones greatest?

wn e

©~No O A

VOCABULARY EXERCISES
|. State the part of speech of the following words pointing out the word building elements.
Give their Russian equivalents.
Differ 7 differenti difference; parti partial i partially; describei descriptioni descriptivei

descriptivelyi descriptor; i@ntical i identifiable i identificationi identify 7 identity; equali
equality’ equalizatioii equalizel equalizefi equally.

Il. Make nouns and adjectives from each of the verbs in the table.

Verb Noun Adjective
radiate
represent
measure
intensify
distribute
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lll. Use the correct form of the word in capitals at the end of each sentence to fill the gap.

1. Light is ..é energy which enables the o0orga
RADIATE
2. 1tdéds not diftheuspedtor alepersregqy .. é of 1igh

source. DISTRIBUTE

3. The source of greater physical i ntensity wil

4. There are three perceptual é.. of a light se

5. ltispossibletthave two | ight sources with ¢é. spect
identically. DIFFER

6. A photochemical transition occurs €é.. a ner.\y

7. The é.. of the three types of cones pryadvi de:
color vision. EXIST

8 The monocul ar depth cues are experienti al a |
different retinal images. OBSERVE

9. Stereo depth ..¢€é in the natwural world is il/l

IV. Combine the words in bold with those in brackets. Translate the combinations into

Russian.

light (t he ~ of the sun, the ~ of a candle; to st

a -~, in the ~ of past event s,todetooutdfdhe o,the®af b e

my eyes, by the ~ of nature; polar ~)

perform (~ function of sight, task, useful work, operation, experiment, obligation, the part of the
host, the part of Hamlet, tricks)

interchange (~ of letters, of greetings, of civilés, of gifts, of opinions, of ideas, of commodities
between two countries, of light and darkness, of hills and valleys)

perceive(~ the sources differently, the futility of the attempt, some light in the distance; ~ that he is
a poor teacher)

view (~ house and grounds, pictures, each of the light sources, the matter, sth in a different light, the
future with misgiving, proposal)

produce ( ~ passport, rail way ticket, proof s, fiv
Shakespearian plays, woolgaods, steel, heavy crops, small income, pictures, book, rise in prices)

V. Match the words in column A with their meanings in column B.

A B

attributen see, understand well the difference

distinguishv become aware of especially through the eyes or
the mind

saturatiom flexible line of connected rings or links for
connecting ornament

concepin well - defined, distinct

invisible ad] complete with everything needed

perceivev quality naturally or necessary belonging to a person
or thing

chainn process by which we become aware of changes
through seeing, hearing, etc

perfectad; number of things fastened, tied together
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bundlen idea
sharpad] state of being saturated
perceptiom that cannot be seen

VI. Fill in the gaps in the sentencedelow using words from column A of Exercise V in the
correct form.

1. Such a task is beyond human abilities because of the large number of small elements in the

vi sual eacone8. ardhprimarily responuetsibhsépace f or
are é.. to |lie at the same depth. 4. | have
snapshot . € is theoretical. 6. A person with
met al dynami ¢ a n dtal kttica aré responsibke for time sdatteeng af deyBsoglie

waves. 8. The el ectrons of | owe r-strengtk elegtsonsf o | |
do. 9. What are the é.. of the |light .sc&@ur.ce

describes the whiteness of a light source.

VII. Arrange the words given in a. and in b. in pairs of antonyms.

a. Narrow, light, free, reflect, appear, solid, top, finite.
b. Dependent, absorb, vanish, liquid, wide, darkness, infinite, bottom.

VIII. Give the English equivalents for the following using the text.

d4tsc dzOMmdets, dzEydmlsow 1 dzgjteedw, Ltejdedj, MmMeat2Mmlse s,
wWiglsfpls! , Gldzdudlsj d dOvw yjtlsO, hMjd , d&in~O0dedL a3/
fso jterndzshipPtsdetso ™ 2 dzOL j ts.

IX. Give the Russian equivalents for the following.

Light-emitting diode; mercury arc lamp, imaging system, bulk visual perception, visual axis, optic
nerve, bundle, visual axis, optic nerve, bundle, visual response, photoart g&topic vision.

PRACTICE

|. Translate the following noun groups according to the pattern.

thermoelectric generator designproblem

f totsB dzj ja8Qse OC W W)dzMmistclz d tets o O dzd v
Cdzmistolz g & BRJjWdzj tcOlststc O

Gjdaj eQOBE@ B Bt dzj Ssted yj MS sats

f ctsB dEjiidmIs to iz d tistg dc@3izd Vzj C s B g Uz GO BB O
psychophysicalision properties

awavelengthband
light spectral energy distribution
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narrowband wavelength light

a constant perceptual color difference

a micronscalecomputed tomography apparatus
regeneration process

Il. Correct the following statements.

The mechanism by which light interacts with the organs of vision is well understood nowadays.
A human being viewing the light sources will perceive these soureasadlly.

There are five common perceptual descriptors of a light sensation.

Intensity is an adequate quantitative measure of brightness.

It is impossible to have two light sources with different spectral energy distributions that are
perceived identicél.

Saturation is usually a quantitative measure.

Up to now we have learnt almost nothing from physiological studies of the eye that is helpful in
the development of visual models.

8. The rods in the retina are short receptors, the cones are long andithstkecture.

9. Cones cannot respond to higher levels of illumination.

10. In the vicinity of the optic nerve there are a lot of rods and cones.

arwnE

NOo

Il Translate the following text into English?

Il ftsmdzj Hdzdyd GESHT Brdzs Sy Jjteddsd dzls Odz! dets EMisC
sdf 0 CsdBBYJ ¢ MmMjlyolscd. Clsd StdBtySd ddjcsls
f scdztsh j ded W M BOSCMHdBOd d@ d3 f§tsedztsh jodzdj o5 o C to(
sflsduyd ME et Ml j W@ dC] 1.4 fodojH]jd sdqfdu
fsedztsh jdzedw fdedzj dzstse M IsyoOIls¢ d. Clfd cotcdor L tsdzasj
sd{q @, f scdztsh O h d J ) ts fndats 0 dats nd dzd 2 moe J Is,
ykzemlse dlsj dzo ldastyis i Itsdow j L zBugdzisf) gzdzdets ff jtoj Ctor o (
dkzh jMlsetsoOdzedj Ibtcjrn Idfitte Sttty ¢ My dls WdL
sjitstedd Yo jlktsatsets L tej ded W .

T | T
g
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E
2 - Y
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LI'I.-—
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35
® [ a

\ 1
400 500 600 700
WAVELENGTH, nm
Figure 1.4. Typical spectral absorption curves of pigments of the retina [1].
(Permission for Reprint, cotesy of John Wiley & Sons, Iic.
2 The textvas translatedrom the original book of WK. Pratt, i Di gi t a | i mage pr [dcpudishedng: Pl

by John Wiley & Sons, Inc.
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Vocabulary Notes:

absorption characteristic as a function of waveleindthtf j € Is t ® @rtc @Ok j o @tz '€ Pdzd v
peak absorption &30 ¢ ) d 3@ dz'cdissj j dad J

absorptioncurvé € tod of 8% dztsh j dzd W

pigments in the retinatf d ¢ dgldyj Is yOlIs ¢

primarilyi & tfMdztseo dzsd3; 6 dzOo dz" d3 Bt OL 53

sensitivityi yze flse dls j dz/ dzts s

tooverlapi ff J t6j C 6" 9 Ols

trichromatictheoryof colorvisioni Iste § ~ yo J IsdzO% Isj stedwY Yo jlstsotsets L

IV. Read the text and say what it is about.

Light is known to be a form of electromagnetic radiation lying in a relatively narrow region of
the electromagnetic spectrum over a wavelength band of about 350 to 780 nanometers (nm). A
physical light source may be characterized by the rate of radiargyefradiant intensity) that it
emits at a particular spectral wavelength. Light entering the human visual system originates either
from a selfluminous source or from light reflected from some object or from light transmitted
through some translucent objeLet E(X) represent the spectral energy distribution of light emitted
from some primary light source, and also let t(X) and r(X) denote the waveléegémdent
transmissivity and reflectivity, respectively, of an object. Then, for a transmissive ,othject
observed light spectral energy distribution @{/)=t(/)E(/), and for a reflective object

C(/)=r(/)E().
Vocabulary Notes:

electromagnetic spectrumm tf j € Hze € Is to ts d3® dsdixflds dzr -
radiant intensity d dzls j dzf ddoLdesiAisi' dzd W

selfluminous-M O iss Mo j Iswh d2 mw

transmitted light ff tetsh j Hipadj As

translucentf sdzz f totsL e O ydz 2

transmissivityl f octstf M ¢ Ols j dzv dzgOW MY sMtsB datsMls
reflectivity i sSlsStc Oy Ols § dz! dzOwv MY smtse detsMmlis!
transmissive objedttf tc j H, i3ISt M ¢ g J If 2

V. Read and translate the text.

When a light stimulus activates a rod or cone, a photochemical transition occurs, producing a
nerve impulse. The manner in which nerve impulses propagate through the visual system is
presently not well established. It is known that the optic nervelbuwuahtains on the order of
800,000 nerve fibers. Because there are over 100,000,000 receptors in the retina, it is obvious that
in many regions of the retina, the rods and cones must be interconnected to nerve fibers en a many
to-one basis. Because neitlike photochemistry of the retina nor the propagation of nerve impulses
within the eye is well understood, a deterministic characterization of the visual process is

3Thetextwasadoptedfromtheoriginalbool’d\bfK. Pratt, ADi gital i mage processi
permission of John Wiley & Sons, Inc.

* The text wasdopted fronthe original book of WK.Pratt, i Di gi g@®| pirma& essi ng :bycurtkods i nsi d
permission of John Wiley &ons, Inc.
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unavailable. One must be satisfied with the establishment of models that charactefiwgednitly
predict, human visual response.

Vocabulary Notes:
photochemical transition¥ tsls ts = d d3diyjjtdnj SAdts2H
deterministic characterization ts dzdgtf jJ f) © dzd j

VI. Reproduce the main text.

VII. Write an annotation on the text.

VIII. Topics for discussion.

1. What is light?

Light, according to Websterdés Dictionary, i s
vision, enables them to perform their functd.i
know? Try to make several detions of light using your knowledge of its physical properties.

2. Rods and cones.

What is the sense of having two types of receptors on the retina? Does possession of two types of
receptors enhance human vision abilities? Use information from the agligdply your viewpoint
with arguments.
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UNIT 2
HUMAN DEPTH PERCEPTION

READING

|. Read the following words paying attention to their pronunciation.

Binocular p(a); mhkjdIA], homologous[hAmhlIAgAs], precise [pr)sajs], occlude hiluz],
muscle[masl], geometry fyifimjtri].

Il. Try to guess the meaning of the words in bold type.

perception n process, act, by which we become aware of changes (through seeing, hearing, etc:
Stereo depth perception in the natural world is illustrated in Figure 2.2.

derive v have as a source or origin: Thousands of English words are derived from Latin.
advantagen sth useful, helpful or likely to bring success: the advantages of a good education/
Binocular vision provides humans with the advantage of depth perception.

precise adj exact, free from error: This can provide precise information on the depth relationships
of objects in a scene.

depth n distance from the top down, from the front to the back, from the surface inwards: Water
was found at a depth of 10 meteildhe snow is one meter in depth.

texture n the arrangement of the threads in a cloth; the arrangement of the parts that make up sth: A
texture of constant size objects, such as pebbles or grass, will vary in size on the retina with
distance.

loosev not hetl, tied up, fastened: That day is too dangerous to be left loose.

verge n edge, border: to be on the vergei dbe close to, on the border of/ The country is on the
verge of disaster.

vision n power of seeing or imagining, looking ahead, grasping the:tiittby will move on to
consider how human binocular vision works.

extract v take or get out (usually with effort); obtain by force; obtain by pressing: have a tooth
extracted/ extract money/ information from a person who is unwilling to give it/ 47 tohgesd

have been extracted at the mine./ The nuts are crushed to extract the oil fronHtheead out a

brief extract from his bookExtracting 3D information about the world from images received by the
two eyes is a fundamental problem for the visyakem.

lll. Skim the text quite quickly to get a general understanding and answer the questions
given. Consult the vocabulary after the text.

What is this text about?

What does binocular vision provide us with?

What are the relations of differerdtinal images to objects in the real world?
What provides our brain with a powerful cue to 3D spatial relationships?
How is the binocular disparity processed?

arwnE
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HUMAN DEPTH PERCEPTIOR

Binocular vision provides humans with the advantage of dpptheption derived from the
small differences in the location of homologous, or corresponding, points in the two images incident
on the retina of the eyes. This is known as stereopsis (literally solid seeing) and can provide precise
information on the deftrelationships of objects in a scene.

The human visual system also makes use of other depth cues to help interpret the two images
incident on the retina and from these builds a mental model of the 3D world. These include
monocular depth cues (also knows@ctorial or empirical cues), whose significance is learnt over
time, oculomotor cues in addition to the stereoscopic cue. We consider these in turn and introduce
in detail binocular vision in the natural world.

Redundancy is built into the visual systamd even people with monocular vision are able to
perform well when judging depth in the real world. The monocular depth cues are experiential and
over time observers learn the physical significance of different retinal images and their relation to
objecs in the real world. These include:

1 Interposition: objects occluding each other suggest their depth ordering.

1 Linear perspective: the same size object at different distances projects a different size image
onto the retina.

1 Light and Shade: the way light flects from objects provides cues to their depth
relationships, shadows are particularly important in this respect.

1 Relative Size, an object with smaller retinal image is judged further away than the same
object with a larger retinal image.

1 Texture Gradien a texture of constant size objects, such as pebbles or grass, will vary in
size on the retina with distance.

91 Aerial Perspective: the atmosphere affects light travelling through it, for example due to fog,
dust or rain. As light travels long distancessitscattered, colours loose saturation, sharp
edges are diffused and colour hue is shifted towards blue.

Aerial distortion

Figure 2.1. Picture illustrating the depth cues available in a 2D image [2].
(photographer David Burdér

® The text was adopteddr language learning purposésr om preprint of the original wo
di mensional R]i splay systemso



20

Many of these cues are illustrated in figure 2.1 and can be considered to be 2D depth cues since
they are found in purely monoscopic images. Two otherlbmoocular depth cues are available:
motion parallax and oculomotor cues.

Motion parallax provides thbrain with a powerful cue to 3D spatial relationships without the
use of stereopsis and this is the case when
moves. Motion parallax does not, however, make stereopsis redundant, as comprehending images
complex scenes can be difficult without binocular vision. Yeh and others have shown that both
stereopsis and motion parallax combined result in better depth perception than either cue alone.

Oculomotor depth cues are due to feedback from the musddsasontrol the vergence and
accommodation of the eye. They are generally regarded as having limited potential to help depth
judgement and we will move on to consider how human binocular vision works when used to view
the natural world.

Extracting threedimensional information about the world from the images received by the two
eyes is a fundamental problem for the visual system. In many animals perhaps the best way of doing
this comes from the binocular disparity that results from two forward facinghey@sg a slightly
different viewpoint of the world. The binocular disparity is processed by the brain giving the
sensation of depth known as stereopsis.

The horopter is all Horopter
points perceived at the /

same depth as the point

of fixation, F.

All objects within Panum’s
fusion are seen as single
fused images Panum’s Fusion

+——>

Figure 2.2. The geometry of the binocular vision when viewing the natural world [2].

Stereo deptiperception in the natural world is illustrated in figure 2.2. The two eyes verge the
visual axes so as to fixate the pdinand adjust their accommodation state so that points in space at
and aroundr come into focus.

The vergence poinE, projects to th same position on each retina and therefore has zero retinal
disparity, i.e. there is no difference between its location in the left and right retinal images. Points in
front or behind the fixation point project to different positions on the left and migima and the
resulting binocular disparity between the point in the left and right retinal images provides the
observeré6s brain with the stereoscopic depth
current vergence poinf, and is most usefulo make judgements on the relative rather than
absolute depth of objects in a scene.

Points in space, other th&nwhich project zero retinal disparity are perceived to lie at the same
depth as the vergence point, all points that project zero retinariyspre described as being on a
surface in space known as the horopter. The shape of the horopter shown in figure 2.2 is illustrative
only it is known in practice to be a complex shape and to hawémear characteristics.
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To summarise the above, binbar vision uses the stereoscopic depth cue of retinal disparity to
perceive an objectdés depth relative to the fi
provides a high degree of depth discrimination and even at tens of metres frdmsahgpenables
relative depth perception for larger objects.

Vocabulary Notes

homologougointsi sH dgs  d3j dedz™ J IstsySd; Motslse jlsMmise j dadzr j Ist
stereopsi$ B q dztsC Edzw tedzr 2 Misjtej st WWJiCls

oculomotorcuesi ¢ E dzts s s tz@L tsH © d 6 Ols j dz! dzr

stereoscopidepthcuesi B  dzts ¢ zdzw tedz" § W O
monoculawvisionT s dzgs C ZdzW tcdets ] L tejdzedj (o
monoculardepthcues 2D depthcuesi d@3ts dets € &z dzw tedz" j W
texturegradienti L d3j dzj dzd § Is4 SMmiskzter
aerialperspectivé 9 sL Hizh dzOw § jtemf j SIsde O
colorhuei yo j Istsots?2 Istsdz;, ®lslsj dzs¢ yo jIsO

motionparallaxi f Otc O dzdzO S f; Ho d ) § ded W

vergencgointi y j dzlste Ctsdzgo jtce j deydd (s 2 ¢ dzOL)

retinaldisparityi i) j Is Y Ols sy dzO® M ls 'd il Puc®@estdOy j dzed 2 dzO M j IsyOls ¢
horopteri ¢ stetstf Is j to

depthsensation tsh zh jdzadj cdzkeddzr (ftetsMmistcOdzlse O)

OCIkser fls,
JtelsmMEsd dyd f
dzd § )
Stefo dfplg Had s iy €

O
)
5]
T
UT\./
& ==

—

Active Vocabulary:

cuei nd ¢ dzOdz; dzOd3j €

depthcuesi f e L dzOSC d G dzzBddzr ; WOSCIkster Mlsjtej sMC s d yd M
incidenti (WdL.) fOHOBMNJ2

solidi ( &3O Istitdislstc O dzMmiso j dzdzr 2 ; Istej = o3 toedz” 2

pictoriali L sBteOL dIsj dzt dz" 2; GctOWdud M&¢ d?2

redundancy d L B ' Istsydztsfyls ¢

experientiall sfydztse Odadz" 2 dzO tsffrilsj;  Bfdtedyj mM<d?2
interpositioni ® MIs©e € ©O; dO~BY-Bdd] BIYHE YJ B

occludel f .o j Gt O} HOI! ; L OCtt" 9 Ols!

scattefi e OMMJ d o Ols!

diffusei tc ©MMmj do Ols

vergencgconvergencel € sdzo jtee jdzydvw; MmMrtyHjded] © SHdds?2 Istsy
comprehend {f s dzd Q3O Is ¢

disparityi H d M {f Otc OdgpdistHtsis 0 j IsSMilse d

IV. Read the text attentively for detail and answer the following questions.

What did the author mean saying aboedundancy built into the visual system?

What is aerial perspective?

Which monocular depth cues can you name?

Why is the stereoscopic depth cue most useful to make judgements on the relative rather than
absolute depth of objects in space?

Which focus ofpoints in space is called the horopter?

What retinal disparity do left and right projections of the vergence point have?

PrwnhE

oo

VOCABULARY EXERCISES
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|. State the part of speech of the following words pointing out the word building elements.
Give their Russian equivalents.

deepi deepeni deeply; judge judgement judgeshipi judgmatical; perceivé perceptibilityT
perceptible’ perceptioni perceptivei perceptivity; perfecti perfectibility 7 perfectible 1
perfecting i perfection; complexi complexty; disposei disposali disposedi disposeri
disposition.

Il. Make nouns and adjectives from each of the verbs from the table.

Verb Noun Adjective
inform
add
observe
reflect
illustrate

lll. Use the correct form of the word in capitals at the end of each sentence to fill the gap.

1. As |ight travels | ong distances it is scatte
SATURATE
2. Motion parallax ..é the brain with a power f

stereopsis. PROVIDE

3. The binocular disparity €é€.. by the brain. P F

4. There is no é.. between the |l ocation of the
DIFFER

5. The shape of the horopter ¢é.. in figure 2.2
6. Binocularvis on uses the stereoscopic depth cue of
7. The stereoscopic depth sensation could é. . [
RECREATE

8 The |l eft and right eye views should be 2D pl
viewpoins. SLIGHT

9. Depth judgement is relative to the current ¢
10.A 1 | points that project zero retinal dispari

V. Combine the words in bold with those in brackets. Translate the combinations into
Russian.

perception (organ of ~, steregpcolor; ~ of beauty)

derive (~ benefit from sth, pleasure from sth, income, character from father, knowledge)

advantage( ~ of a good education, of smbds good nat
precise(~ measurements, meaning, sitg conduct, definitions)

depth (~ of the river, of the snow, of penetration, of knowledge, of sound (feeling), of color; a foot

in ~; in the ~ of despair, in the ~ of poverty; a man of no great ~)

extract (~ bullet, cork, tooth, juice, information)

vision (the field of ~; the organ of; glasses for far ~, glasses for close; back ~, forward; the ~ of

natural objects; ~ of power, of wealth, of fame)
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V. Match the words in column A with their meanings in column B.

A B

depthn process by which we become aware of changes
through seeing, hearing, etc

precisead] distance from the top down

perceptiom power of seeing of imagining, looking ahead

loosead] obtain by force, by pressing

visionn understand fully

extractv go indifferent directions

comprehend not tied up, not fastened

scatten free from error

VI. Fill in the gaps in the sentences below using words from column A of Exercise V in the
correct form.

1. The human .. é system also makes use of O
i ncident on the retina. 2. As light travels
world from the images received by the two eyes is a fundaimaotalem for the visual system. 4.

Points 1in space which project zero retinal C
judgement is therefore relative to the currel
angular disparity betweenwo s mal |l objects is referred to a
proportional to individual eye separation. 8

relationships of objects in a scene.
VII. Arrange the words given in a. and in b. inpairs of synonyms.
a. Precise, advantage, scatter, quantity, return, prominent, neglect, much.

b. Diffuse, magnitude, come back, w&town, exact, merit, a lot, disregard.

VIII. Give the English equivalents for the following using the text.

utej ~ d3d todz" 2 ; Bl j d3dz" 2 (MsdedsmMEsfdud Mcd2) ; |
tsfdets o Odadz" 2 dz0 tf' sy ({Bfdtedud M d2) ; tOmmd d
Liedlsj &z dzOw M) : WdSMdtkj gOv ksyc o.

IX. Give the Russian equivalents for the following.

Homologous pints; pictorial; redundancy; stereoscopic; retina; human visual system; cue;
monocular vision; occlude; saturation; texture gradient; diffuse; motion parallax; feedback; visual
axis; fixation point; depth sensation; vergence (convergence).

PRACTICE

|. Translate the following noun groups.
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depth perception

screen disparity, monocular depth cues
display design

color hue

surface material perception

3D display systems, surface curvature

I. Correct the wrong statements using the following as phrasepenings: on the contrary, |

dondét believe that, to my mind, it is conside
1. Binocular vision candét provide humans with t
2. People with monocular vision are unable to perform well when judging depth in the real world.

3. Themonocular depth cues are not experiential.

4. Objects occluding each other dondét suggest t
5. The way |l ight reflects from objects canbt pr
6. A texture of constant size objects such as pebbles or gragstwonv ary i n si ze on
distance.

~

The shape of the horopter is known in practice to be a simple shape and to have linear
characteristics.

IIl. Translate the following text into English.®

1JStslster j dMmimdzj Hise Olsj dzd o Hfy slaw 1 Gsozdsetcin(B dxjfjdsets o df"
B IssH O Mdse ] Misjtel smMSsi dd, B stsH  dzO tsfydats:
Mtej HT .

Il ®BibtsH, s Oddztsdz dzO0 Mlsjtej sMEsfdd, hkhj
fzlsjds ftejHI Wodzj dedWw C Oy HBMRGE difLdzts fg G20 s L doid tis g tdz®

RLESBEOY j dad W , ftejHl Wodwjd j] djotskk d 0o sd
gLtsBteOY jdzdWw ddd tsHdes?2 d Ists?2 3 Jj Mmyjde , § tsdzzyj dadz
L tod dad W .

t OL dzdyudd sty ¢ Ltjddw fto
If sfdzj Hlse d d, ftoed tOLH,jd dsd
fswodwjlsmw ©hikhjddj cdkzsdd
o tsL ded ¢ detso § dzd © Md syOls tsydzts 2 Hd
dej § SMtcj H 0= jilzdety dizd  toj Odz! dats?  Is

dotsHdIs ¢ tc OL dzd -
B dzsC ZdzW tedzts d3  dzO
tcsmistcOdznls e O, Is ©¢
f OtcOlsdztsmlis d f sH
o ~d3d todzts?2 MmyJ dz" .
Vocabulary Notes:

singleouff o ¥ H j dzW Is

approach (toj f sH S5 H
stereoscopyfils j toj sME s dw
volumetric mediumi tsB 1 | dgdeQ ' ©
recreatd ® sfMmtsL HOo Ols!
separaté sIsH j dz' dz" 2
subsequently o §f sfdzj HMilse d d

®The text wagranslatedf r om preprint of the or i gimensidnalivoplkay {25 WNs Se m#
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IV. Read thetext and say what it is about’

Geometrically we can define angular disparétyas the difference between the vergence angle
at the point of fixationF and the point of interest. Considering figure 2.3:

Points behind the fixation point, suchAsave positive disparity.
a,=f-a
Points in front of the fixation point, such Bshave negative disparity.
a=%-b
The smallest perceptible change in angular disparity between two small objects is referred to as

stereo acuitygd. The advantage of defining stereo acuity as an angle is that it can be assumed to be
constant regardless of the actual distance to and between thefpanuB.

Considering figure 2.4 when poingsand C can just be perceived to be at a different depém
stereo acuity will be:

d=a-c

Various studies show the eye is able to distinguish very small valudsasf little as 18 0
(seconds of arc). As the exact limits vary between people Diner and Fender suggest that a practical
working limit is to use a valuef stereo acuitgl= 2 0 0 . Using this value we
the smallest distinguishable depth difference at a given distance from the observer.

Horopter

m n
Figure2.4. Stereo acuity defines smallest depth difference an observer can perceive [2].

<

" The text wasdoptedfor language learning purposésr om preprint of the original wo
di mensional R]i splay systemso
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V. Read the text and render it in Russiari.

An important question is what advantages does binocular vision provide in the real world? As a
visual effect it clearly fascates the majority of people when they see a 3D picture. Beyond the
attractive nature of stereoscopic 3D images they provide the following benefits over monocular
vision:

1 Relative depth judgement. The spatial relationship of objects in depth from the eemwer

be judged directly using binocular vision.

1 Spatial localisation. The brain is able to concentrate on objects placed at a certain depth and

ignore those at other depths using binocular vision.
1 Breaking camouflage. The ability to pick out camouflaggeab in a scene is probably one
of the key evolutionary reasons for having binocular vision

1 Surface material perception. For example, lustre, sparkling gems and glittering metals are in
part seen as such because of the different specular reflectioneddigdhe left and right
eyes.

1 Judgement of surface curvature. Evidence suggests that curved surfaces can be interpreted

more effectively with binocular vision.

These benefits make thrdemensional image display of considerable benefit in certain
professional applications where depth judgement is important to achieving successful results.

VI. Reproduce the main text.
VII. Write an annotation on the text.

VIII. Topics for discussion.
1. Depth judgement with conventional 2D display.

Can video viewed with conventional 2D display provide any additional depth cues in comparison
with painting pictured on the sheet of paper? Prove you viewpoint using infonnadtaut depth

cues from the reading text. Compiling list of depth cues may be helpful for finding right answer and
arguing your position.

2. Concept of volumetric image.

As Lenny Lipton has rightly noted i aabBtudginbook
Dept hdé, oOal | -dindnsiomeik thensgnseitrmat niotlom péckuires provide many cues to
depth that al so help us perceive the visual
conventional display is not a volumetric imaget planar one. In this context how can you define
the term 6volumetric imaged6? Use information

* The textvasadoptedfor language learning purposésm preprint of the original workfo N. S . Hol-1 i man A7
di mensional R]i splay systemso
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UNIT 3
POLARISED STEREOSCOPIC PROJECTION

READING

|. Read thefollowing words paying attention to pronunciation.

Available [AvejlAbl], purify [pjd Afaj], percentage dAsent) n), accuracy  kjdrAsi],
attributev [Atr)bjuz] T attributen [A tr)bjuz], distinguish fi) /stj Bgw) ¥].

ll. Try to guess the meaningof the words in bold type.

clockwise/counterclockwiseadvin the same direction/ in the direction opposite to the movement
of the hands of a clock: Polarized stereoscopic projection involves the polarization of the two
projected imagese . g . N es&ds linehepglarieation, or clockwise and cowteckwise for
circular polarization.

advantageousadj profitable, useful: This paper points out that it is advantageous that the output of
an LCD projector is already polarized./ He gained little adgnfeom his visit to London.

circular adjround or curved in shape; moving round: For round circular polarization, the two views
are clockwise and countetockwise polarized.

purify v make pure, cleanse: Linear polarizers are placed at the output ty theiflinear
polarization in the desired direction.

assessv fix or decide the value of: The difference between measured and calculated figures
provides some assessment of the approximate accuracy of the figures.

attribute v consider as a quality of, asibg the result of, as coming from: He attributes his success
to hard work./ The differences between the measured and calculated figures could be attributed to
measurement error.

distinguish v see, hear, recognize, understand well the difference: The weresso alike that it

was impossible to distinguish one from the other./ Thelmaar response of the eye to brightness
may make this brightness difference somewhat hard to distinguish.

[ll. Skim the text quite quickly to get a general understanding ad answer the questions
given. Consult the vocabulary after the text.

1. In what directions must two views be polarized in stereoscopic projection with circular
polarization?

2. Why must directions of two views in stereoscopic projection with linear polarizdgon
orthogonal?

3. Which three categories of output polarization are available with contemporary video projectors?

4. What configurations of optical filters may be used to obtain the correct linear polarization with
each of video projectors from Figure 3.17?

5. Whatare linear polarizers placed for in configuration from Figure 3.1c?
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POLARISED STEREOSCOPIC PROJECTI®ON

Polarised stereoscopic projection involves the polarisation of the two (left & right) projected
images in orthogonal directions. The defacto stanftartinear polarised stereoscopic projection is
+/- 45 degrees from the vertical axis, however, vertical and horizontal polarisation for the two views
can also be used. For circular polarisation, the two views are clockwise and -cbochkerise
polarised

In the past, projectors with unpolarised outputs were generally used, such as slide projectors or
movie film projectorsi hence the orientation of a polariser placed on the front of the projector
didndét need to be given mfumjectots basadgrhan LCDHptivak v e r
engine are already polarised, so some attention must be given to the possible interaction between
the polarisation orientation of the projected output and the desired polarisation direction for
stereoscopic projection.

The output polarisation of commonly available video projectors fall into three main categories:

a. unpolarised output as with CRT or DMD/DLP projectors.

b. linear polarised output with two colours in one direction and the remaining colour in an
orthogonal diection (e.g. Red and Blue vertical and Green horizointahost threepanel
LCD projectors are in this category. For t
LCD projector.

c. linear polarised output with all colours in the same directiaas wit single panel LCD
projectors and some thrgea n e | LCD projectors. Let 6s cal l

In order for the three categories of video projectors to be used with polarised stereoscopic
projection, various configurations of optical filters shibe used to obtain the correct polarisation
output with minimal light loss and minimal colour distortion. The various configurations for
configuring projectors for linearly polarised stereoscopic projection are illustrated in Figure 3.1.

(a) (b) (c)
projeclorf D///—/\\\\ P ///f\\\x\\\ o P

> @1\]/1/;4"//"/ _
i g N S g
polarisation r;)tator ’_’U;:‘\/ﬁ.@

linear polarisers

linear polarisers i—/

linear polarisersi/

Figure 3.1 Methods for linear polarized projection for various output polarization types [3].

In the case of Figure 3.1a, the linear polarisers at the output of the projector can be oriented at
any angle since the projector output is unpolarised. In the case oé Bdup, the linear polarisers
must be pl aceds5at ieni tohredre r+ 45A otrhe correct col
this corresponds with the desired polarised projection orientation.

In the case of Figure 3.1c, it is desirable that tHk blithe light being output by the projectors
in the vertically polari sed ddi5Ae cotriidetmstdaebs r oont sa
achieved with a halivave retarder. Linear polarisers are then placed at the output to purify the
linear polarisation in the desired directionso match the standard orientation. The projectors of
Figure 3.1c could be configured the same as Figure 3.1b (i.e. without the retarders) however the
image is brighter when the retarders are used.

° The textvasadopted for language learning purpodesm preprint of the originapaperof A.J. WoodsiOptimal
usage of LCD projectors for polarised stereoscopic projecti@j.
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The relative eftiency of each of the projection methods illustrated in Figure 3.1 have been
calculated and measured and the results are summarised in Table 3.1. The percentage figure quotec
for each configuration represents the amount of light that reaches the soreen ft he pr oj e
output lensi i.e. 0% efficiency represents no light reaching the screen (100% light loss in any
optical components between the output lens and the screen) and 100% efficiency would mean that
al |l l i ght emitt e denareachedthe scpeenq(%dightlass).0 s out put |

Table 3.1. Relative optical efficiency of the various polarised stereoscopic projection methods [3].

) ) _ Efficiency
Projector Type and Configuration
Measured Calculated
(a) Unpolarised output (CRT/DMD) ~25% ~35%
(b) Linear polarised with colours na-linear (Type ~3004 ~50%
1 LCD)
(LCC): Itsl)near polarised with all colours dmear (Type 2 5704 ~620

Both measured and calculated figures are listed because the difference between measured and
calculated providesome assessment of the approximate accuracy of the figures. However, both the
measured and calculated figures show the same trends therefore providing some confirmation of the
overall results. The differences between the measured and calculated figudesecattributed to
measurement error and/or differences between product literature and actual shipped product.

It can be seen from these figures that the least efficient projection configuration is configuration
() (the unpolarised output projector) atite most efficient configuration is configuration (c)
(where all colours are polarised in the same direction). Considered another way, if three projectors
of all equal brightness were used (one of each projector type), the image from configuration (c)
would be ~130% (measured) or ~75% (calculated) brighter than the image projected by
configuration (a). Therefore, there is a significant advantage to using LCD projectors for polarised
stereoscopic projection due to the fact that their light output is alpdsised. Even configuration
(b) produces an image ~28% (measured) or ~41% (calculated) brighter than configuration (a),
although the notinear response of the eye to brightness may make this brightness difference
somewhat hard to distinguish.

Vocabulary Notes:

LCD (liquid crystal display) r s 1 dH § s5C tod fis @ dfdgdhazg) R < d 2

CRT (cathoderaytube i € [ v ( { dzj-&lstpjsaifists IstckzB € O)

DMD (digital micro-mirror device T yd W tetso s j B3 C tetsL J to C-Crdry lsdatdsj? Mis g iis
dmfsdz! L] Bsj Dl Isjmdetsdzse dd

DLP (digital light processini yqdW¥ tctse OW B tcOB t5ls ¢ CDLFN-9lsj jlscCdzts dids j6 A d
sBtOBBISSd Mo jlsO, tcOlemdstmmadidzdzOY ¢ sif Odzd j 2

buki smdzso dzOw &BOMMO; BBz P OW YOMmls!

shipif simMlsQo dzwIs! ( Istso Otg)

purify thelinearpolarizationi ff so r hfifdsj* tf j dz@ dzd dzj 2 des? f sdzvtedL Oydd
nonlinearresponsef theeyei dzj dzd dzf: Dde®@C Is | 6 §f O B EL. O

Active Vocabulary:

interactioni 8 L Od di3tsH § 2 ilse d j
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matchi f sHR sHdIs! ; Mtstslse jIsMisoa tse Ols!
quotei f tcd o sH d Is (o9 COyimbej Htddd O, ddzdzt MistceOyYdd
achieve'l'Hisfr]lsq’c,‘olsJ (yd dzd)

reachi Htsfplsd ¢ Ols (i34 Mils ©)

assessmer'litiqudZCO st HJjdzd dzdj yd dzdesflsd
approximaté f tcd B dzd L d Is j dz' dzr 2

accuracy f t Qo d dz' desfls! ; Istsydatsmls

trenditsBh jj deOftcOQodzjdzdj; IsjdeHj daydw

confirmationi f sHilse j toy) H j dzd

overalli Mz 33Ot dz” 2 toj L zdz! IsOIs

attribute(to) i sB | W fydzw-dgd B 6§ )y J d3

distinguishi tc OL dzd ydIs+ ; tOL GV H J Is!

distortioni d )¢ O j dzd J

orientatanyanglei t OMff s&zOE Ols* tsH FtesdLotd dzf d@3 6 dzs i
colineari € ts dzdzd dzj Otcdz" 2

retardei W OL s OV f dzOMmiIsd dz¢ ©

half-waveretardeil §f sdzkz o ts dzdzts o OW i §f @E 8o OwW )  dzO

IV. Read the text attentively for detail and answer the following questions.

What does polarized stereoscopic projection involve?

What are the two views for circular polarization?

Into what categories do video projectors fall?

What does Figure B.show?

What can you tell us about the nlimear response of the eye to brightness?

arwnE

VOCABULARY EXERCISES
|. State the part of speech of the following words pointing out the word building elements.
Give their Russian equivalents.
Projecti projectori projection; linei lineal i lineally i lineari lineationi lineman; singlei

singletoni singly i singulari singularizei singularly; varyi variousi variouslyi variability
variablel variance varianti variational; retard retardatiori retarder.

Il. Make nouns and adjectives from each of the verbs from the table.

Verb Noun Adjective
imagine
polarize
direct
measure
calculate
differ
assess

lll. Use the correct form of the word in capitals at the endof each sentence to fill the gap.
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1. More | ight i's é.. when DLP and CRT project
projection. LOSE

2. The paper has only considered ..é polarized
3.Similar principlzam®ondPPLY to circular pol ari

4. The é.. optical filters can change the color
5. Unfortunately, this paper comes at a time
PRODUCE

6. This will depend upon the OGPUGS ity of the .

7. The figures shown in Table | should therefore be useddcar¢ e €. . of t he pr
are considering. BRIGHT

8 The paper also points out that it is é.. the
ADVANTAGE

V. Combine the words in bold with those in brackets. Translate the combinations into
Russian.

involve (~ some assumptions, the polarisation of images, expense, a nation in war, sb in a crime)
attenton( t o attract ~, to draw sWho@oubt et @anetdls, ~t o
form (~ a piece of wood into a certain shape, sth in accordance with a pattern; an idea, an opinion,
habit

decide( ~ question, battle, matter to sbés favour
of of action)
end( ~ o n & dnsa bdolg theocold war, testing now and for all time, in disaster; in success)

hollow (~ ball, tree, tooth, cheeks, threats, victory)

V. Match the words in column A with their meanings in column B.

A B

outputn device which separates alternating current of one
frequency from others; colored glass which allows
light of certain wavdength to pass through

in bulk repeat, write (words used by another, from a book,
an author)

matchv allow

filter n sth usefulhelpful or likely to bring success

permitv to be equal to, correspond (with) (in quality, color,
design, etc.)

advantage in large amounts

quotev quantity of power, energy, etc produced; informatior
produced from a computer

VI. Fill in the gaps in the sentences below using the words given in brackets making any
necessary changes.

1. More |l ight is | ost when DLP and CRT é are us
projection. (project)

2.1t is é that the output of (advantageCD pr oj ect or

3. Projectors with unpolarised outputs are gene
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4.1t is €& that the bulk of the&b5IAi ghhti emée¢ at d toatse
5. Both measured and calculated figures are listed because the difference betwgaovitas

some é of the approxi mate accuracy of the fi
6. Even configuration (b) produces an i mage -~ Z
configuration (a). (bright)

VII. Arrange the words given in a. and in b. in pairs of synonyms.

a. Involved, output, desire, various, rotate, pair.
b. Different, move round a central point, information produced in a computer, two things of the
same kind used together, complicated in a form, wish.

VIIl. Give the English equivalents for the followingusing the text.

[ ddzj 2 2OV fsdzvwtcdL Oydv,; CtekzetsoOw ftsdwtedL Oydvw;
Mojltser j flkjted; dmMEOyjddd MojlkO; fBHAaBHJI!,

IX. Give the Russian equivalents for the following.

Retarder, blk, to achieve, to reach, approximate, confirmation -inoear response of the eye, to
distinguish, light loss; to orient at any angle, hadflk retarder, to purify, to match.

PRACTICE

|. Translate the following noun groups into Russian.

liquid crystal display

cathode ray tube

digital micromirror device

digital light processing

light loss

color distortion

LCD projectors

price/performance ratio figures
stereoscopic projection configurations
polarisation process

II. Correct the wrong statementsusing the following as phraseopenings:on the contrary, |

dondt believe that, to my mind, it is conside
1. Polarized stereoscopic projection involves the polarization of left projected images.

2. Vertical and horizontal polarization of the left vieaan also be used.

3. For circular polarization, the two views are coustiexckwise polarized.

4. The output polarization falls into two categories.

5. Various configurations of optical filters must be used to obtain the correct polarization output

without lightloss and color distortion.
The linear polarizer at the output of the projector can be oriented only -ainggds.

o
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7. Without the retarders the image is weaker.

lll. Translate the following sentences into English.

1. 1 sdzvtedL Oyd sdzdzgOwv  flsj toj ss&sd@iulg M8 Ol fes i Sdzfwcd
f s, dHEMNdR Bl Hekma dJqLBBWKOYjdzd2, o Btlstsc

2.1 ted dMf sdz L sfate@dpdkds stegspp Mdzj HEj s fsdiBdedls: , ylsts
IlIssets dfO Ekyj fodzvtedL s Odz.

3. HOdzdzts?2 tcOBBIs] twOMmMmMezPlstseg b B l4ftpis j & dzcpy dtefDL ddig
fsdzvtedL Oydodedets?2 Mbsjtej sMEsf dud MEs2 Jtetsj Sydd.

.1 iBBRBHdBS tj Stsd3d dzgHs9 Ols! s lsd 3Odz dzlzr € tsdz d ¢ &

1 O0dzduydy BitejHJ dzj dedets?2 fsdzv tedHf ®Bsd § IsiBtc ®o gz® O ) @A
Wodzw jlsfw ftejddilzh j Mlse 5.

6. IsBh jd3, ftod dMmY tfdets)Lals@dad] fryosifstsor §j ftslsjted Bz

[Sa RN

IV. Read the text and reproduce it in English in short:°

Obviously it is unlikely that the projectors you will be considering for a stereoscopic projection
system will all be of theasne brightness, the figures shown in Table 3.1 should therefore be used to
derate the brightness of the projectors you are considering. This may well produce a considerably
different set of price/performance ratio figures that you might have originaisidered.

It should be noted that the various optical filters can change the color balance of the projected
image so this may need to be corrected by adjusting the gain of each appropriate color at the
projector. It should also be noted that the more apfitters that are used, the sharpness of the
projected image may reduce but this will depend upon the quality of the optical filters being used.

Vocabulary Notes

performancéd + € MY dz OlsOydtsdedz' § COyYJ Mlso ©O; GtesdLosHdIs] d
adjustitcj czdzd tetso Ols+ ; dzOMIstc©Od 9 Ols

gainff tedtetsfils; ko jdduyjddd; (bdeo.) kimddzjdad]
sharpnesstc j L € sfMlis+

V. Read the text and render it in Russiart?!

The main point of this paper is that there can be a significant advantage in using certain LCD
projectors for polazed stereoscopic projection versus using DLP or CRT projectors. More light is
lost when DLP and CRT projectors are used for linear polarized stereoscopic projection versus the
amount of light lost when using LCD projectors.

Unfortunately this paper come# a time when very few Type 2 LCD projectors are being
produced. A recent survey of LCD projectors revealed that almost all are of the Type 1 variety. If
the value of Type 2 LCD projectors for polarized stereoscopic projection is not recognized, the
Type 2 LCD projector may well totally disappear from the market. Although this paper has only
considered linear polarized stereoscopic projection, similar principles apply to circular polarization
but this will be left to the reader to explore or it may besthigect of a future paper.

2 The texwasadopted for language learning purpodesm preprint of the originapaperof A.J. WoodsfiOptimal
usage of LCD projectors for polarised stereoscopic projeciigh
" The texwasadopted for language learning purpodesm preprint of the originapaperof A.J. WoodsfiOptimal
usage of LCD projectors for polarised stereoscopic projec{igh
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Vocabulary Notes:

surveyl sB L tSte

reveali slsC e, B8OOIz d o Ols
VI. Reproduce the main text.

VII. Write an annotation on the text.

VIII. Topics for discussion.
1. Relative efficiency.

Which of configurations fronfigure 3.1 is the most efficient one (has the least light losses)?
Explain your choice using Figure 3.1 and comparing chosen configuration with other two.

2. Color balance.

Is there any way to reduce light losses in configuration from Figure 3.1b bgicbaorientations
of polarizers? How is it necessary to orient polarizers in Figure 3.1b in order to minimize light
losses? What would happen in this case with color balance of the produced image?
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UNIT 4
TIME -MULTIPLEXED 3D DISPLAY

READING

|. Read the following words paying attention to pronunciation.

Sequentialsj kwen eAl], transparenitr b nspeArAnt], gauge[gejm], transition[tr b n/sjen], alter
[x3tA], angle fb Bgl], incident jnsjdAnt], acceptabl¢Aksept Abl].

Il. Try to guess themeaning of the words in bold.

transparent adj allowing light to pass through so that objects (or at least their outlines) behind can
be distinctly seen: Ordinary glass is transparent./ Place a stack of microscope cover slips in a
transparent bath of water

blur v make or become unclear in appearance: The writing was blurred./ The concept enables wide
fields of view, sharp discrimination between views, little blurring at depth, and no repetition of
views.

boundary n dividing line; line that marks a limit: file stream forms a boundary between my land

and his./ The boundaries between the views of a field sequential display are defined by a single
element which gives a sharp transition between views.

sequencen succession; connected line of events, ideas, le¢cséquence of events, the order in
which they occur: A simple way to make a field sequential 3D display is to show a sequence of
views of a solid object on a liquid crystal display.

bulk n quantity, volume; the bulk af the greater part or number of: kit the bulk of his property

to his brother./ The bulk of this concept arises from the space needed between light source and lens.
alter v make or become different, change in character, appearance, etc: He has altered a great deal
since | saw him a yeaga./ The angle of the injected rays can be altered by moving the spot source
of light in the focal plane of the lens segment.

comprise v be comprised ofconsist of two or more thingsthe committee comprises men of
widely different views./ A liquid crystadlisplay with a frame rate high enough for field sequential

3D is likely to comprise ferroelectric liquid crystal and psiljcon transistors./ The bulk of the film

is comprised of unrelated, ridiculous set pieces./ Life is comprised of actions anohsacti

flat adj smooth and level; even: The lens segment and scanning source of light need be no thicker
than the mirror stack, so that the whole illumination system is flat.

[ll. Skim the text quite quickly to get a general understanding and answer the @stions
given. Consult the vocabulary after the text.

What is the text about?

What do you know about 3D displays?

Which lenses do field sequential displays use?

What is the quality of image produced by field sequential 3D?
Do gratings alter the angle wicident rays?

What quality will such displays deliver?

ok wNE
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TIME-MULTIPLEXED 3D DISPLAY?!?

A flat panel field sequential 3D display can be made by illuminating a ferroelectric liquid crystal
display with scanning illumination passed through a transparenéesiabssed with a granting. The
concept is expected to enable wide fields of view, sharp discrimination between views, little blurring
at depth, and no repetition of views.

The demand for 3D stems more from whim than necessity which makes it difficuluge ga
exactly what kind of 3D image is sought. Nevertheless people talk wistfully of a display round which
three or four people can sit, each seeing what they would if they were looking at a solid object
instead of an image. This is not on offer from mosic8bcepts because their field of view is limited
by lens fnumber.

Field sequential displays use compound lenses which have betieber than lenslet arrays, so
offer wider fields of view. Furthermore, the boundary between the views of a field sebdisptey
are defined by a single element which gives a sharp transition between views. This means that there
is less blurring of pixels which are either far behind or far in front of the screen of the 3D display as
happens with lenslet array 3D displaiastly, field sequential 3D displays have the advantage that
in principle they need no more pixels than a 2D display with equivalent resolution.

The quality of image produced by field sequential 3D is excellent, but the displays have tended
to be bulky, ad they require fastwitching ferroelectric liquid crystals which have been slow to gain
acceptance. This paper will explain how to make thin field sequential 3D displays.

A conceptually simple way to make a field sequential 3D display is to show a seqietews
of a solid object on a liquid crystal display, and illuminate each view with rays of light traveling
parallel to the axis of the camera which captured the view. Provided that there are enough views, and
that the sequence is repeated sufficiegtlickly, the result is a flickefree three dimensional image.
The bulk of this concept arises from the space needed between light source dnbdenis this
eliminated?

I f a ray is shone vertically upisdebectedintaithe r or
horizontal plane. Variations of ray angle in the vertical plane are converted into variations in the
horizontal plane, as shown in figure 4.2.

If a set of rays are shone up vertically so as to illuminate the entire base of a staolorsf
angled at 45A to the vertical, and the mirror
from the whole of the front face of the stack.

Alter the angle of the injected rays in the vertical plane, and the angle of the emergémthay
horizontal plane will alter by an equal amount. The injected rays can be formed by placing a spot
source of light in the focal plane of a lens segment, and the angle of the injected rays can be altered
by moving the spot source of light in the &plane of the lens segment, as shown in figure 4.3.

The lens segment and scanning source of light need be no thicker than the mirror stack, so that
the whole illumination system is flat. The lens segment and scanning source of light can in principle
of course be folded behind the mirror stack with prisms in order to make a system which fits behind
the liquid crystal display without overlap.

This concept was tested satisfactorily by placing a stack of microscope cover slips in a
transparent bath of watermo s e si des were spaced so that the
with partial reflection taking place at each glass/water interface. However components tend to be less
expensive if they can be moulded, and an alternative way of making a #atlpaminator is to use

2 The texwasadopted for language learning purpodesm the originalpaperof A.R.L.Travis fiTimemultiplexed 3D
displayo [4].
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gratings.

By making the lens segment circularly symmetric, this illumination scheme can be designed to
have an almost unlimited field of view. Furthermore, over the last few years graphics rendering chips
have become fast enough tinive liquid crystal displays at the frame rates needed for frame
sequential 3D, while light emitting diodes are now bright enough to deliver the switchable
illumination needed to control view direction. It is now the frame rate of liquid crystal displays
which limits the field of view of frame sequential 3D. A liquid crystal display with a frame rate high
enough for field sequential 3D is likely to comprise ferroelectric liquid crystal andspaign
transistors. In combination with the latest grapeiacs gi nes and hi gh brightne
that the displays will deliver good quality 3D images at an acceptable manufacturing cost.

source

Figure 4.1. A field sequential 3D display comprises a high frame rate LCD illuminated with
scanning rays of ligh4].

angled .
mirror . reflected ray

intident
iray
N

Figure 4.2. An angled mirror converts ray deflection in the vertical plane to ray deflection in the
horizontal plane [4].
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Vo
/
light source%ﬂ-)\

Figure 4.3. llluminate the base of the stack with a light source collimated by a lens segment, and
move the light source scan view direction [4].

Vocabulary Notes

time-multiplexeddisplay(field sequentiatlisplay 1 H d Mt dzj 2 fd3 otecQ LAy jdaldg dzd J O3
(Ud ted Hiso Oded § di)dzCri LotBAm(QY JipledjAc j sME Y dujMEda HIMY d
tcOL dzd ydz' = tc O SfiAdgfiHE ov odBWI B jICYO L todIsj dz¥ f ssYJ t6j H dzfs,
o tej d3j ded

ferroelectriccrystalsi mj e dzj sst dzj SIstedyd MSdy StedmMmsOdzdz ; W jtcts
blurringatdepthi tc OL d3" 9 Oded j (L sBteOY jdedW) 5 ¢ dzzs d dzj
f-numberi Hd OW tcOc g dedetsy yYydmdzs (sBi j SIsdo O)

compoundensi i ts i) @ o dizd dzL ©

lensletarrayi dzd dzL s " 2 t©OMIsts

flicker-freeimagei dzj dzj e yOe h j j dL sBteOY j dzd j

base of stack of mirroiists fr) dzts o fiplsisftjj tc ¢ O dz

whimiftedatslss ; COftedL; ftodykzHO

wistfully T ssm¢ v ; Mistc Ofislisdzs » § &zOW yJ 6 ts

mouldi silsdzd @ Ols* Wtsted3dz; Hj d&zOI! s h OB dztsdzlz

Active Vocabulary:

slabi f dzOMmls d dzO

emboss dzOdzs M dls! twjdz j%W: orfkSdr 2 twdimkzdss

gratingi Hd W e OC yd sdzdzOwv tej M jIsC O

discriminationi e OL dzd Wd ded j ; t©OL GteOded YJ dzq J
stemfromi f esdmMratsHdIs! sls; wodyts! MW tojL kzdz! IsOlstsds yYJj @
gaugel d L dzj ewlis! ; By dzgd o Ols

transitioni § | BB H

bulki ® j dzd yd dz0; B § Of

bukyictesd3tsL HS d2; L Oded B3O8 h d2 ddesects d3d Mis O
gainacceptancéf sdzz ydils' ftedL dzOdzad j



capturei L Of dfr 9 Ols+ (M ljl'_~,‘d31*_~7ﬁJ 5 9
deflecti sIs € dzsdgW Is+ ; dL d3gd dgv Is of
anglei s OMYf sdzOc Ols! {f SH IzGdztsd3
emerge f swo dzwiIs! fqw; or A sH(dIs!
fitidgd h Ols! Mw; Ysd3dh Olss Mw

o dzj dzq J
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dHiBC O] e )
tc O

overlapi dzOdztsy jdzgd j ; fMsef OHjdzedj; § jtoj Cter Isdj

settlei z¢ dZOH " 9 Ols! (MW ) ;, EMlsteOdo Ols! ( Mw)
solidobjecti f ctsMiIstc OdzMmise § dadzr 2 (Istej - d3d todz" 2 )

partiallyreflectivemirrori Yy Ofils d ydzs BlstcOy O h j 1 L j 8¢ Odzts

injectedraysi @ o sHW M dj dzzyd
emergentaysi © T ansHWh dj dzzyd

microscopeoverslipi f sCtetso dzetsj Milsj Cdzts B S tesME s O
frameratel M¢ stesMmis: Md3j dz" COHtes (YOMsslsO C OHtotso 52

IV. Read the text attentively for detail and answer the following questions.

What kind of 3D display dpeople usually talk of?

What is a conceptually simple way of making field sequential 3D display?
How is it possible to eliminate the bulk of the 3D display original concept?
Why should the mirrors in stack be only partially reflective?

Why must a spot soce be placed in the focal plane of a lens segment?

gD E

VOCABULARY EXERCISES

|. State the part of speech of the following words pointing out the worthuilding elements.

Give their Russian equivalents.

Able i ability i enable; imagé imageablel imageryi imaginablei imaginaryi imaginationi
imagine; concepi conceptioni conceptuali conceptually; suffica sufficiencyi sufficient
sufficiently; varyi variety i variousi variously; parti partial i partially; alteri alterablet

alteratbn.

Il. Make nouns and adjectives from each of the verbs in the table.

Verb Noun Adjective

limit

produce

accept

reflect

satisfy

lll. Use the correct form of the word in capitals at the end of each sentence to file gap.

1. Thedi spl ays deliver good quality 3D i mage
2. The €é.. grating must be weak. EMBOSS

3. Light passing from air into the slab and
4. 3D display was developed in which the roles ouligd cr yst al and

sBl jCIs

S at

bac
| i ght
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INTERCHANGE

The |l ens segment is é.. symmetric. CIlIRCULAR
The display substrate ..¢€é crystalline silico
The |l ens segment and scanning source of | igh
The injected rays caé . . by placing a spot source of | ig
FORM

The bul k of this concept arises from the spa

V. Combine the words in bold with those in brackets. Translate the combinations into
Russian.

expensive(~ equipment, fuel, instrument, device)

reliable (~ information, source of information, device, measurements)

sharp (~ angle, knife, pencil, slope, fall, turn, features, outline, frost, discrimination)
compound (~ word, sentence, fraate, glass, lenses, body, cable)

gain (~ experience, strength, color, bread, information, battle, prize)

perform (~ experiment, test, procedure, analysis)

angle (acute ~, right, obtuse, ideal)

V. Match the words in column A with their meanings in column B.

A B

advantage measurement of any sort
resolutionn dividing line

discriminatev changing from one condition to another
dimensiomn benefit, profit

boundaryn something that is decided
transitionn treat differently, make distinctions
qualityn idea

blur v suitable, well adapted, good enough
fit adj become unclear in appearance
concepin high standard

VI. Fill in the gaps in the sentences below using words from column A of Exercise V in the
correct form.

1. The concept enables wide fields of view,
di splays have the é.. that in principle they
resolution.3.The .. é of i mage pr odMisiexcel@gntdblyt fgievels sa gqs
between views.5The . . é between the views of a field
element.6. Field sequential 3D displays enable wide fields of view, a sharp transition between
Vi ews, pixels whichA. .é éncti mplé aaydépt make

display is to show a sequence of views of a solid object on a liquid crysplayli

VII. Arrange the words given in a. and in b. in pairs of synonyms.

a. Distant, limit, connect, evolve, collect, simple, demand.
b. Link, develop, gather, mere, require, remote, restrict.
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VIII. Arrange the words given in a. and in b. in pairs of antoryms.

a. Cover, tiny, finite, exclude, fill, obey.
b. Boundless, include, empty, vast, reveal, resist.

IX. Give the English equivalents for the following using the text.

stej Rdgjteds 2 HOMEdzj 2, Wittt djShkeds, (oL tcOyd
ket o dzw st fyw .

X. Give the Russian equivalents for the following.

Light emitting diode, frame rate, incident rays, interface, overlap, partially reflective mirror, bulk,
capture, gain acceptance.

PRACTICE

|. Translate the following noun groups into Rusian.

a flat panel field sequential 3D display

a ferroelectric liquid crystal display

a lenslet array, light source

a spot source of light

a mirror stack

a frame rate

off-axis lens aberration

a cathode ray tube

amorphous silicon active matrix displays
high brightness LEDs.

Il. Correct the wrong statements using the following as phrasepenings: on the contrary, |
d o rbélieve that; to my mind,; it is considered that.

1. Field sequential displays use only simple lenses.

2. Compound | ens e deldsequeritial didgplays.used i n f

3.A singe el ement doesnb6t give a sharp transit

4. Field sequential 3D displays have the advantage that they need more pixels than a 2D display
with equivalent resolution.

5. The quality of image produced by field sequ&rD is rather low.

6. The injected rays can be formed by placing the mirrors in the focal plane of a lens segment.

7. The lens segment and scanning source of light need be thicker than the mirror stack.

8. The whole illumination system is uneven.

9. Gratings altethe angle of incident rays by reflection.

10l n spite of the | atest graphics engines and
quality 3D images.
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IIl. Translate the following sentences into English®

1. CRidf@ j Odz! deses € jJd@3BdHYMEtSEets HdMY dzj W MisH J tey d s
2. RiNssydzd ¢ d Mo JjlsO ftsdzih O sy McOLE L O W BCOd dat
3.1tedlsjdzd odHWIs dLtsBteOy jdedWw f sdztsfy.

4. [B&ZzOMIs: , 9o Clststes?2 ML HOJ Idysboxd Ists dL sB Oy j dzd |
5. CIsd §tsdegfmoetsfipy s tsydted HJ.

6. { JLEd IsOIs Hj2Mlsodw dddLtr mMomistsdls o Istsds, Yls t
Stsdzt €5 dL fftej HJ dzj dzdets? BB &zOMIsd fetsMmMistcOdzmilse O

IV. Read the text“and be ready to answer the following question: What is the principle of
multi -view autostereoscopic displays?

Multi-view autostereoscopic displays offer the user three dimensional realism lacking in
conventional (2D) displays. Multiiew autostereoscopic displays work by displaying multiple
different images to multiple zones space. Figure 4.4 illustrates the theory behind mridtiv
displays. Figure 4.4(a) shows a user looking at a scene in the real world. The user sees a different
image of the scene with each eye and different images again whenever he or she movasr his or
head. The user is able to view a potentially infinite number of different images of the scene. Figure
4.4(b) shows a thought experiment in which the same viewing space is divided into a finite number
of windows In each window only one image, @ew, of the scene is visible. However the user still
sees a different image with each eye, and the images still change when the user moves his or her
headd albeit with jumps as an eye moves from window to window. Thus both stereo and
horizontal movement pdtax cues can be provided with a small humber of views. The finite
number of views required in Figure 4.4(b) allows the replacement of the scene by a display that
outputs a different image to each window (Figure 4.4(c)). This is the principle of-wiewiti
autostereoscopic displays.

(a) (b)

[@) [[@
0 =
set of
objects

infinite number of images finite number of images
©
& 3D
o display
=
0o =
[ by
iy
ny
Dy

finite number of images

Figure 4.4. (a) When viewing a scene in real life, a user sees a different image with each eye: stereo
parallax. When he moves his head he sees different images: movement parallax. There are an

3 The text wasranslatedfrom preprint of the originapaperof N.A. Dodgson, J.R. Moore, S.R. Lang, G. Martin, P.
Canepa, fAA ti mercjegauteon i @alt onufflée i eoscopic di splaybo
% The texwas adoptedrom preprint of the originapaperof N.A. Dodgsoret al.fi At équeatial snultiprojector
aut ost er e o s[6]¢Reimissiod forRpprird, godirtesy Society for Information Digplay
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infinite number of different images of the scene that he could see. (b) The number of different
images is made finite, each visible in its own window. Each eye still sees a different image: stereo
parallax, and different images are seen when the headvesdmmovement parallax. (¢) An
autostereoscopic 3D display provides a different image to each window, producing both stereo and
movement parallax with a small number of views [5].
(Permission for Reprint, courtesy Society for Information Digplay

Vocabulary Notes

multi-viewdisplayi H d tf dzj 2, tlstsBtcOY O h d2 ddetsy j Mlsoats o dHTBE
autostereoscopidisplayl Qo Istsfmils jtej sMEC s dyd MSd2 HdMY dzj 2

lackidzgj =~ 9 OlOIs! ; dzj HBMIsOo Ols!

albeiti - slsw

stereoparallaxi B  dzts ¢ zdzW tedz" 2 ff Ot O dzdzO ¢

movement parallak f O tz@ Lo 3 j dad W

V. Read the text and render it in Russiart?

Time sequential displays use a single display device running at a high frame rate. A secondary
optical component is required to direct the images to the appropriate zones in space. Displays based
on Travisd concept ar e o fequdantmriosertheythe techiologesia d v a
that all views are displayed on the same image display, so there can be no misalignment between
multiple image sources (as in meyltiojector devices) nor between pixels and a lenticular array or
parallax barrier (& in spatially multiplexed devices). Further, more view directions can be more
easily sustained than is currently feasible with a lenticular or parallax barrier display, and a large
number of views can be supported less expensively than with-pnojictor or holographic
devices. The challenges of time sequential autostereoscopic technology lie in producing display
devices with sufficiently fast refresh rates, in delivering high enough luminance to be shared
amongst the multiple views, and in designing\tesv direction modulating optics.

Vocabulary Notes:

appropriatd f sH R SHMEBER o j Is piopfry " d 2

misalignment dzj stsydzets] Mo dzj h jdedj; daj Mseotf OH j dad §
multi-projectordisplayl d3dzts ¢ sff tetsj S Iststedz" 2 HdMY dzj 2 ( Bd sd{f et
lenticulararrayi dzd dzL s " 2 tcOMmilste; dzdds sor 2 1 CtcOdz

parallaxbarrieri § O tc O drdIXE '] tc

spatiallymultiplexeddisplayi H d M dzj 2 ) ftotsMmistcOdzmise j dzdz" d3 tOL H j C
sustainl f sHH jteydoOls! ; tBiMfJjydoe Ols!

feasiblei o 7 f sdzdzd 3" 2 ; GMkh j Mise d d3r 2

refreshratei M ¢ sStesMmis dzj tzg tzts ( YOMIsSISO 5B dztso dzj dzd v )

view directionmodulatingopticsi stf s ¢ ©, dL d3j dzv s h OW dzOf tc Qo dzj dzd j

V1. Read the text and state the main ideas in-8 sentences in Englisf®

The design of an ideal Cambridge display as invented by Travis (Figure 4.5) consists of a high
speed liquid crystal display, a Fresnel lens, and a series of abutting bar shaped light sources. The

> The texwas adoptedrom preprint of the originapaperof N.A. Dodgsoretal.i A t i me s e -projectort | a | mu
autostereoscopi d i $5p(Peanyision for Reprint, courtesy Society for Information Digplay
% The texwas adoptedrom preprint of the originapaperof N.A. Dodgsoretal.i A t i me s e -projectort | a | mu

aut ost er e o s[E EPprinissiordfor Repling gui@sy Society for Information Display
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light sources are placed just beyond the focal plane dfrigenel lens so that an image of the light
bars is projected into the wuser o6s \veyedboxEexlp ac e ;
light bar is illuminated in turn and, in synchronisation with this, successive laterally adjacent views
of anobject are displayed on the liquid crystal display. The effect of the lens is that each view is
visible in a different window in front of the display. Provided that the views are repeatedly
illuminated sufficiently rapidly, the user will perceive a thodmensional image with both stereo

and horizontal movement parallax, so long as both the eyes are within the eye box. While the best
position from which to view autostereo images is at the eye box, a good 3D effect is obtained over a
large range of distanse

1g

Array of  Fresnel Fast liquid eye
light bars lens crystal display box

Figure 4.5. An ideal Cambridge display [5].
(Permission for Reprint, courtesy Society for Information Digplay

Vocabulary Notes:

Fresnel len$ dzd daL t©] dzj dzv

abutif ed dzr € Ols! ; cGteOded ydls:

barshapedight sourceif d Missydzd ¢ Mo J SO o Wstedsdy § sSdztsm”

laterallyi nfs tsC kz; oBGC
adjacent pd3j 3 dz" 2, Mmtsmj H dzd 2

VII. Render the main text in English.

VIII. Write an annotation on the text.

IX. Topics for discussion.
1. Advantages and disadvantages of the field sequentidigilay concept.

What advantages and disadvantages of the field sequential 3D display concept can you find? Try to
consider this issue from viewpoints of manufacturability, usability, cost, image quality.

2. Requirements to mirrorso6 reflectivity.

Stack of partially reflective mirrors was offered for providing LCD with collimated uniform
illumination. Should all mirrors of the stack have equal or different reflectivity in order to have
LCD illuminated uniformly? Whydongthewstackinhardedta mi
have LCD illuminated uniformly? Why?
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UNIT 5
SPATIALLY MULTIPLEXED 3D DISPLAY

READING
|. Read the following words paying attention to pronunciation:

Target [tHzg)t], exit [reks)t], alternatev [x3tAnejt] T alternate adj [d3reznt], lenticular
[lenajkjd1A], variety [vAxa) #], niche hjte] / [nizg, sequential §) kweneAl], advent b dvent],
exaggerat§y gz bmAre)t].

Il. Try to guess the meaning of the words in bold.

capable ofadj (of persons) having the power, ability or inclination; (of things, situation, etc.) ready
for, open to: The situation is capable of improvement./ The display is capable of supplying 3D
images to multiple viewers.

steerv direct the course of: The postics of the exit pupils are ste
use of head tracking.

alternate adj by turns, first the one and then the others: Tom and Harry do the work on alternate
days (e.g. Tom on Monday, Harry on Tuesday, Tom on Wednesday, etcahteight images are
produced on alternate pixel rows of a single UXGA LCD.

aberration n turning away from what is expected, normal or right; defect, sudden instance: The
steering optics can produce exit pupils over a large area, but without the abematiooloration
effects associated with other methods.

conjunction n formalin conjunction with together with; a combination of two or more things:
This is achieved using arrays of coaxial lenses in conjunction withdaghkity white LED array
sources./n conjunction with knowledge of the precise topology/ This system is designed to be used
in conjunction with a word processing program. There is a team of writers working in conjunction
(with each other) on the book. The conjunction of computers and coicetians is perhaps the
most important aspect of information technology.

employ v give work to, usually for payment; make use of: How do you employ your spare time?/
He is employed in a bank.

achievev complete, get (sth) done; gain or reach by effeatgass/distinction in public life): He

will never achieve anything.

adjacent adj next, lying near (to) but not necessarily touching: It follows that two adjacent exit
pupils could be formed with two adjacent illumination sources.

interpose v put forward anobjection, etc as an interference; make an interruption: Will they
interpose their veto yet again?/ Interposing a transmissive screen between the lens and viewer will
cause the screen image to be seen by the viewer.

exaggeratev make sth seem larger, batt worse, etc than it really is: You exaggerate the
difficulties./ If you always exaggerate, people will no longer believe you. Note that the pitches of
the barrier and the LCD are exaggerated for reasons of clarity.

spill v (of liquid or powder) (allowd) run over the side of the container: It is necessary to focus the
left and right illumination sources on the individual left and right lines of the LCD without light
spilling on the adjacent lines.

lll. Skim the text quite quickly to get a general undestanding and answer the questions given.
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Consult the vocabulary after the text.

What is the text about?

What do you know about the subject?

What are 3D television requirements?

What does the spatial multiplexing screen require the illumination sdorées

PwbdE

SPATIALLY MULTIPLEXED 3D DISPLAYY

De Montfort University (DMU) has developed an autostereoscopic display that is targeted
specifically at television applications. The display is capable of supplying 3D images to multiple
viewers who are not requatédo wear special glasses, and who are able to move freely over a room
sized area. It operates by producing regions (exit pupils) in the viewing field where either a left or a
right image is seen. The positions of the exit pupils are steered to the Gewersy e s by t he
head tracking. The DMU display consists of an LCD whose conventional backlight is replaced by a
steerable optical configuration that is capable of producing several pairs of exit pupils. Left and right
images are produced on alterngixel rows of a single UXGA LCD. This spatial image
multiplexing is achieved by the use of a lenticular sheet located between the steering optics and the
LCD. The steering optics can produce exit pupils over a large area, but without the aberration and
coloration effects associated with other methods. This is achieved using arrays of coaxial lenses in
conjunction with highkdensity white LED array sources.

3D displays have been used in a variety of niche applications for many years, and as the quality
of the display systems has improved, so too has the range of applications. Broadcast television is
probably the largest potential application, however the requirements of a television system are
complex and few, if any, existing display systems can meet tegs@&raments. In particular it is
desirable to present stereo Iimages to several
sized region. A system that would meet these requirements would be more complex than other
systems intended for singleften static, viewers, for example, for computer monitor or arcade game
applications.

To satisfy the requirements for 3D television displays, our display operates by generating
specific regions in front of the screen (known as exit pupils) where a lgdfhdimage is seen at the
eye of each viewer. These exit pupils follow the viéweryes under the control of a head position
tracker, which determines where the viewers are located in front of the screen. The display
effectively operates in a similaranner to anaglyph (red/green glasses) or polarized glasses, but
without the need for glasses.

Our 3D display requires an exit pupil to be produced for each eye of each viewer. Fig.5.1 shows
how this might be achieved with the use of an illumination scamdea large lens. The vertical light
source produces a real image in the viewing field, resulting in a diasi@uekd exit pupil region. It
follows that two adjacent exit pupils could be formed with two adjacent illumination sources.
Interposing a transnes/e screen between the lens and viewer will cause the screen image to be seen
by the viewer.

By adding illumination sources, corresponding exit pupils may be generated. However, if a
single image is presented on the screen, the same image is obvieusly sach pupil. To generate
a stereo pair of images, possibly the simplest solution would be to employ temporal multiplexing, by
presenting left and right images sequentially on the screen and alternating the illumination source
position. This is not edg achieved in practice, as currently available LCDs are not sufficiently fast.
Another means of producing two images is to use two separate LCDs and combine their images with

" The text wasidopted for language learning purpogesm preprint of the originapaper ofP. Surman, I. Sexton, R.
Bates, W. K. LeeseK. 8D WowpiibByl eng.l oying coaxial optics
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a semisilvered mirror. This method was employed by Sharp some years agocoRfiguration
enables full LCD resolution, but has the disadvantage that the display is necessarily large in relation

to the screen size.

With the advent of higiesolution LCDs, it is possible to present two full resolution TV quality
imagessimultaneously on one panel. The DMU display uses this approach and presents left and right
images on alternate pixel rows. This scheme is referred to as spatial multiplexing (as opposed to
temporal multiplexing where the images are presented sequentially)

Illumination
source

Figure 5.1. Exit pupil generation [6].

Parallax i
o e L Lenticular
Tllumination barrier Illumination <creen(
sources R sources _ St R
L S S 2= L
L L BEegssso—-—o ==
\\\\\\\ = :\\ e~
= R N
\\\\ > \_:__\
A D
(a) Parallax barrier (b) Lenticular screen
SIDE VIEWS

Figure 5.2. Spatial multiplexing [6].

LCD, lens and
vertical diffuser Exit
pupil

Scattering i

Illumination

\OIV

_____

SIDE VIEW

Figure 5.3. Vertical scattering [6].

By using spatial multiplexing, light from individual light sources must be manipulated
independently for the left and right imagesfore it reaches the screen. The simplest method of
achieving this is with the use of a parallax barrier that consists of a mask with horizontal apertures.
The pitch of these apertures is slightly less than double the LCD pixel vertical pitch. Fig.5.2 (a
shows the side view of this arrangement.

Note that the pitches of the barrier and the LCD are exaggerated for reasons of clarity. It can be
seen that light from the left illumination source can only fall on the left image pixels, and light from
the rightsource on the right pixels as the light sources are displaced vertically. Although the barrier
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is simple to produce, it can theoretically only pass a maximum of 50% of the light, and considerably
less if the light sources are the arrays that are usee IDNU display.

A more efficient means of multiplexing uses a lenticular screen with lenses horizontally disposed
as shown in Fig.5.2 (b). This enables all of the light to be captured and also has the advantage that
the light sources require only a smadlparation in the vertical direction. This is a particular
advantage where the light sources are not simple lamps, but are optical arrays that have considerable
height in relation to their spacing.

Even with the use of a lenticular sheet, the spatial nhepipg screen ideally requires the
illumination sources to have a restricted height (as close to a point source as possible) to focus the
left or right illumination sources on the individual left and right lines of the LCD without light
spilling onto adjaent lines. As the exit pupil is a real image of the illumination source, this results in
an exit pupil of limited height that can be too small to enable sufficient freedom of vertical head
movement. To overcome this, the height of the exit pupil is exqahbg using a diffuser placed in
front of the LCD that scatters the light in the vertical direction only. Fig.5.3 shows how this is
achieved. This diffuser can take the form of a lenticular sheet with horizontal lenses or a
holographically produced ligishaping diffuser.

Vocabulary Notes:

autostereoscopic displayQ o Istsfls j to j ts it flag 2M < d 2

exitpupilsio " atsHdzr J] Ltw©6OYSd (9 HOdgdesdz S sdzlsj S Mis] dBsy &
ddzd c¢cL dz" dLBJ©OIlsj dzt dgsets o9 dHJjdegdW e)

headtrackingi fdzj ¥ jdzdj L O ftsdzsy jdzdj &3 e sdzisor
steerablepticalconfigurationi zf tt Qo dzv j &3OV fflsdyj MOV CtdW e kztcO
alternatepixelrowsi yj tcj Hzs h dj mw MstesCd ¢ MJ dzse

UXGA'i (Ultra ExtendedGraphicsArrayi ¢ z dz! IstcQtc Ofmh dtcj dzgdz" 2 dGZOMMdoe &1
sHddz dL Mk Odds Piedztsd Ets@W ¢ ¢ d

spatialimagemultiplexingi f tctsistc Odzfmilse j dzdetsj] tOL H jdzj dzedj dL 5B tc
lenticularsheetl dzd dzL s9'" 2 t©OMIsSts

steeringopticsi sIs ¢ dzsdzgv ¢ h Ow (EftcOQodzw e h OwW) flsdt O
colorationeffectsi t W W j CIsr tCtcOh do Odzad W

white LED arraysources d mMlstsydzd € d © odHJ] ®HBOIstedy BJ &' n Mo jls
broadcastelevisioni ® j h Ols j dz! desj Isj dzj o dH j dzd |

headpositiontrackeri  mlstcts2 Mlso s, MdzjHWwh j | L O sy jddj &3 ¢
anaglyph(redgreern) glasses O dzO ¢ dzd W dz' -j j (2§ @O Piestsy < d

polarizedglasses f s dzw ted L @ y db s Edp"

diamondshapedexit pupilregioni ( © HOdzdztsdz S sdzlsj S Misj ) L sdzO dzOB dz¥
OdkzBOL O

stereo pair of imagesiis j o j 6 f BE®OY j dzd 2

temporalmultiplexingi o to j dig dztzOL H j dzj dad j (L tsBteOY j dad 2)
semisilveredmirrori f sz f esL tcOyYdetsy L JEC Odzs M Mjtcj BtowW dz' o3
TV qualityimages d L sBtc Oy JdzgdV Isjdzj odL dtsdzdzsects € Oyj mlseo O
spatialmultiplexing’ ff tctsfistcOdzmise j dedzetsjy yYJtejHBo Odzdd (9o ftotsM
parallaxbarrieri §f O tc O dBdGEXE ') to

maskwith horizontalaperture§ 3OMS O M EtedL sdals Odz! dgr &5 h j dzv ozd
LCD pixel verticalpitchT f j td sH § S fmj dz dets?2 MbtckCIskter rsr fts
considerable height in relation to their spadirey" ) lsd@D y d Is §f teisdigBW j dzd ©

C dr ddzlsj tco Odzlz

arrangemernit ¢ sdzimlstczC ydw,;, SCodWdekztOydw

Active Vocabulary:
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steeli f tOQo dzv Is! ; BIsC dztsdgV Is

meet(satisfy) requirement$ zH tso dzj Iso steW Is! Istcj B9 Odzd W O3
arrayi 30lsted y0oO; "N ikCO; fitedsHdyd MEOvw MstckzCIskztcO
coaxialil E sOSC MdOdz dgr 2; dd&zgjs hd2 tehkEr s
mobileviewersi f sHo dy dz" § L tedIlsj dzd

adjacent md3j 3 dzr 2; Mtsmj H dzd 2

to interposgbetweeni o s ©o dzv Is* ; ff sd3jd?. Qls (BIYHE Yd &3
currentlyavailablei H siszff dzr 2 o dzOfmlstswh jj otcj dgw
adventi f sw o dzj dad j

asopposedoi ® tSlsdzdydj tlis

exaggeraté f to j zo j &zd yd o Ols

resultinif tdo sHdlIls! €

scattefi tc ©OMMj d o Ols!

backlighti f sH iy o c1ls<:®

pitchih ©¢; f jtedtsH

transmissivé f estf M O h 2 (1 € tcOdz)
light spilling7 § OH j dzd § Mo jIsO

light diffuseri et ©OMMJj do Olsj dzz Mo j IsO

IV. Read the text attentively for detail and answer the following questions.

What has De Moutfort University developed?
How does thiglisplay operate?

What does the DMU display require?

What can you say about spatial multiplexing?

PpODNE

VOCABULARY EXERCISES
|. State the part of speech of the following words pointing out the wortuilding elements.
Give their Russian equivalents.
Dependi dependent independent dependentlyi independentlyi dependencé independence;

horizoni horizontless horizontali horizontallyi horizontalityi horizontalize; effect effecteri
effectiblei effectivei effectivenes$ effectless; intend intendment.

Il. Make nouns and adjectives from each of the verbs in the table.

Verb Noun Adjective

develop

apply

produce

generate

achieve

Ill. Use the correct form of the word in capitals at the end of each sentence to file gap.
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10.Such wide angles will cause @fx i s pr obl ems for an array ¢é..
11.The aperture blocks extreme rays that woul d
SPHERE

12.Light is contained between the upper and lower surfaces by total e r
133.These simple structures €. the basic buil di
14.De Moutfort University has € an autostereo
151t operates by ..é regions in the viewing fi
16.3D displays have beenausd i n a variety of niche ¢é.. . APP
7By adding il lumination sources, correspondin

nal é . . ) REF

V. Combine the words in bold with those in brackets. Translate the combinations into
Russian.

to apply (~ for aid, football tickets, istructions, vacant position)

to employ (~ time in making experiments, time in reading, capital, questionable methods, the right
word, workers, temporal multiplexing, this method, special devices)

to improve (~ conditions, handwriting, facilities of mindorking conditions, victory)

to exaggerate(~ problem, difficulty, the gravity of the situation, the pitches of the barrier)

to overcome(~ fear, problem, difficulty, obstacle, danger, bad habits, enemy, disaster)
considerable (~ part, sum of money, numbelistance, weight, expense, income, height, amount of
effort)

to achieve(purpose, ambition, success, distinction in public life)

V. Match the words in column A with their meanings in column B.

A B
targetn place from which something comes or is got
applyv defeat; be too strong for; make weak
sourcen make or become larger
overcomev coming or arrival of an important development
expandv happening or done at the same time
shapen make something seem larger, better, worse, etc. than it really
adventn something useful, helpful; benefit; profit
simultaneousd] put with operation; make practice use of
something to be aimed at; objective, total which it is desired tg
exaggerate
reach
advantage outer form

VI. Fill in the gaps in the sentences below using words from column A of Exercise V in the
correct form.

1. An autostereoscopic di spl ay IS .. € speci
mul tiplexing screen ideally requirtes 3t.heloi lél.u
the height of the exit pupil is expanded.This enables all the light to be captured and also has

the ..é& that the | ight sources require only

al ways ¢é, peopl eeyu.6l Wi tnho tlhoen gesoléiobdeCDs fieis goksible
to present two full resolution TV quality images. Without highresolution LCDs, it was
i mpossible to present 8&Metsa&l § mage swh e ®Tharéne Yo na
were clouds A4GWediifnfteernedntt o&.... & economi c sanct.
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VII. Arrange the words given in a. and in b. in pairs of synonyms.

a. Require, employ, merit, produce, apply, cause, conventional, associate.
b. Use reason, make use of, mdacture, demand, advantage, usual, connect.

VIII. Arrange the words given in a. and in b. in pairs of antonyms.

a. Advantage, dependent, move, add, join, complex, with, distant, sufficiently, allow.
b. Without, adjacent, simple, slightly, restrisidependent, rest, disadvantage, subtract, separate.

IX. Give the English equivalents for the following using the text.

t OL OB Olsr 9 Ols’ f ted o3 daj dzd J ., dzts g Is ¢ M j yd 0dz dg
dzj MSCsdz €5 f Ote, o d3j Misj ofs teWwls® y jlsfiidsjoBtds ofrffdyflss j. 5, EkH s

X. Give the Russian equivalents for the following.

Robust, medical imaging and recognition, robotics vision, acquisition, optical remote sensing, due
to, inherent, oraxis hologram, space invariant, convolution, free space impulgenss function,
encoded pattern, depth distribution, optical detection system, superposed light, space varying
positive term, intensity term, propagation axis, align.

PRACTICE

|. Translate the following noun groups into Russian.

televisionapplications
arcade game applications
head position tracker
illumination source

TV quality images

point source

light spilling

vertical head movement
headtracked 3D display
off-axis lens aberration
lens array

off-axis problems

I. Translate the following sentences into English.

rdmydzj 2, fweddydfr SCokststses LHjMm sfdnods , {§t
] fjHkOCO] Bsd toyh jddd dMmtsd Lizs My HishiskY d
[ dMOdzdzr 2 Bj sBH &OEZOCOjls &dded BOdz dzF j ¢ tc0dz

wWN P
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d da¥te 3Oy d d .

4, sOYHBREZ Ltedlsjdzt ftojHI Wodzwe sy Ho O f dzsMSdr dL
5 reeeddy ftoj dlszh j Miseotsdy dzOh jets HIdM dzj v wodzwj s
d LED, B'" Mistets tOLo9do O Isipw.

6. HSLHOdzdzr 2 Htoslsslsdf ftLotsdzdd {totsH | dcdmisted ctse
fsMstesj dzdé Rhscsfsdvi swdk) &3S BdEY zpul t i

7. 1 MSLHOddtsd fJtsistslsd] dmf sdz' L zj Ismw fdzj 3
ftoesMistcOdzMmise j dadetsj t©0OLHjdzjded] dLtsBCOY j dad 2.

IIl. Read the text'®and be ready to answer the following question: Why is simple 3Bisplay
inappropriate for multi -viewer applications?

Exit pupil generation and spatial multiplexing can now be combined in order to provide-a head
tracked 3D display. In principle, if multiple mobile light sources are employed, this approach can be
usedto supply 3D to several viewers who can move around freely, Fig. 5.4. Here, the spatially
multiplexed screen, lenticular sheet, vertical diffuser and a single (Fresnel) lens are combined.
DMU have built a head tracked display of this type that serveviemesr, here the light sources
only move laterally so that the viewer has fairly restricted movement toward and away from the
screen. In addition, MIT have also patented a similar system.

In practice, this simple 3D display is inappropriate for rakiver applications for two reasons.
Firstly, it is not practicable to have many independent light soynegsicallymoving behind the
LCD in both x and airections as this would create severely challenging mechanical problems.
Secondly, this configuratiosuffers from offaxis lens aberrations.

-

=

Illumination
sources

Multiplexing screen,
LCD, lens and vertical
diffuser

Moveable
Exit pupils

Figure 5.4. Schematic of simple mobile viewer 3D display [6].
Vocabulary Notes:

move laterallyf H 8 d ¢ @IB! tfifw

MIT (Massachusetts Institute of Technolog@y) O fnfn O y k fis jj & lsdiAs cdddefm Ik Igi21s
inappropriaté dzj z d3j Misdz" 2 ; dzj Msslse jlsMmise kzs h 2
physicallymovinglightsources W dL d yd mM¢d f jtcj d&3dj h O h dj mw dMmls sy da
off-axislensaberration§ o dagfnj o §J dzddzL so" j OB jttcOyYydd

'8 The text wasidopted for language learning purpogesm preprint of the originapaper ofP. Surman, I. Sexton, R.
Bates, W. K. LeeseK. 8D WowpiibByl eng.l oying coaxial optics
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IV. Read the text and state the main ideas in-3 sentences in English?

Both of these problems can be addressed by replacing the lens with an array of smaller lenses as
in Fig.5.5. From Fig. 5.5(a), this shows a single large lens forming an exit pupil, which is the real
i mage of the singl e il |locatedinnahe shaded regmmis itueninated v |
across the complete width of the lens.

In Fig.5.5 (b) it can be seen that the same function can be performed with an array of smaller
lenses that each have a separate light source behind the lens. In thisecag#,pupil is formed
from a bundle of approximately parallel rays from the lens array, as opposed to continuously
converging rays from a single large lens. If the viewer moves laterally, the light sources move
laterally in order for the exit pupil tiollow the eye. In addition, if the viewer moves toward or
away from the screen in thedirection then the separation between the light sources can be altered
to allow for this.

Illumination sources

R Exit
pupil

Tllumination
source

pupil
(a) Single lens (b) Array

Figure 5.5. Array equivalent of a lens [6].
Vocabulary Notes:

continuowsly converging rays ff tsfls j thF dzaett hdafz jufigw
lens arrayi dzd dzL t4ee0 fijds te

V. Read the text and render it in Russiarf’

The lens array shown in Fig. 5.5 (b) could possibly consist of a series of cylindrical lenses with
narrow vertical light sourceszor a domestic TV application, a display must form exit pupils at
reasonably wide viewing angles either side of the axis to be acceptable. Such wide angles will
cause offaxis problems for an array comprising cylindrical lenses.

For off-axis aberrationsot be eliminated, the illumination and refracting surfaces must be
cylindrical, and also have a common akifience the term coaxial optics. It follows that if exit
pupils are to be formed over the very large area required by televisian;agnof coaxid optical
elementsnay be used.

Fig. 5.6 shows the top view of such an array element. Note that the illumination surface is now
curved, not planar as in Fig. 5.5 (b). All points on the illumination surface (on the left of the figures)

% The text wasdopted for language learning purpoesm preprint of he originalpaper ofP. Surman, I. Sexton, R.
Bates, W. K. LeeseK. 8D WowpiibByl eng.l oyi ng coaxial optics
“The text wasdopted for language learning purpogesm preprint of the originapaper ofP. Surman, I. Sexton, R.
Bates, W.KL e e , K.C.-u¥Yew BMuldi spl ay eng.l oying coaxial optics
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are equidistant fronthe centre of the aperture. Hence, an approximately parallel beam of light

emerges from the front lens surface, whatever the angle from the axis. The aperture blocks extreme
rays that would be subject to a large degree of spherical aberration.

Aperture /]gxit pupil

Illumination
surface

Virtual image
of aperture

Illumination
source

Exit pupil

TOP VIEWS

(a) Axial beam (b) Off-axis beam
Figure5.6. Operation of coaxial optical elements [6].
Vocabulary Notes:
series of cylindrical lenséstec W wid dzd dzH tc flagjdn & d ~
off-axisproblems ff tctsB dzj d3* , Mo w L Odzdz" | ) IS¢ dztsdzj ded § d3 tsls

equidistani tc O o dzts iz H O dzj dzdz" 2
apertureblocksextremeraysi Off j clsB& @iz gzls CtcO2 dzdj dzzyd

VI. Render the main text in English.

VII. Write an annotation on the text.

VIII. Topics for discussion.

1. 3D television requirements.

What requirements shouldl3 television display meet? Which of these requirements are not so
important in case of-B computer displays? How much does DMU display satisfy requirements for
3-D television display?

2. Temporal multiplexing, spatial multiplexing.

Try to define terms o6tempor al mu | t itext. Whatiisn g6 a

the main difference between these two approaches of stereo pair presenting? Argue your viewpoint
using your definitions and the main text.
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UNIT 6
HOLOGRAPHY AND 3D OBJECTS RECOGNITION

READING

|. Read the following words paying attention to pronunciation.

Acquisition [P k wejen], align [Aajn], application[p p ke en], axis [P ks)s], capability
[kejpAbjljti], coherent KA dh) Ant], conjugate khnmdgejt], conventional KhnwveneAnl],
convolution[khnvAdu zen], dimensionaldj menenl], hologram[hhlAgrbm], impulse fpmpals],
inherent [nA) Ant], neglect pygdekt] 7 negligible megljmAbl], observation fbzezvejen],
recognition fekAgmjen], recordn [xekdzd] T recordv [rjkdz], reference fefrAns], spatial
[/spejd], superposesjuzpApA ¢], technique fekmiz], utilize [juz)la z], variety VAxa; #],
visual vy d A.

Il. Try to guess the meaning of the words in bold.

application n practical use: thapplicationof this theory to actual economic practid micro
computer has a wide range ayiplicationsfor business./ What are the practiegblicationsof this

work?/ The program is designed for genagblication

capability n the natural ability, skill, or pser that makes you able to do somethingc & isl d 6
languagecapability A willingness and aapabiliy to changeme necessary tso mee
needs./ the proverapabilityof this technologybeyond the scope of humaapability She has the
capability to become a very fine actress./ §beernment wants to increase its military capability
challenging adj difficult in an interesting or enjoydbd way: Teachingis a challenging and
rewarding job./ a challenging problem/ We have changed thsedomake it more challenging./

The tasks were not challenging enough forame | got bored.

composev be composed ofo be formed from a group of substances or parts: Water is composed of
hydrogen and oxygen./ The committee was composed entirely oblkgted Bones are largely
composed of calcium./ The overall composition of the Senate was Democrats 57 and Republicans
43./the ethnic composition of the region

define v to describe something correctly and thoroughly: the ability to define client's/iEeel

powers of the President are clearly defined in the Constitution./ It is important to define these terms
accurately./ There may be problems if responsibilities are not adequately defined./ Social values are
not easy to define./ We ne@ good workingle f i ni t i on. of <&épol l utioné
device n a piece of equipment intended for a particular purpose, for exafopleecording or
measuring stha useful device for detecting electrical activitgbdern labotsaving devices/ All

new cars are now fitted with thesafety devicesThe device consists of a large wheel mounted on

a metal post./ a tiny device desigriedrace telephone calls.

eliminate v to completely get rid of stkthat is unnecessary or unwanted: Unither agreement, all

trade barriers will be eliminatddPolice have eliminated Morris from their enquirie¥he
procedure does not completely eliminate the possibilignoaccident./ Try to eliminate fatty foods

from your diet.

endow v formal to give saneone sth: give money to pay for creating, or for providing an income
for, a college, hospital, et@he state of Michigan has endowed three institutes to do research for
industry. Nature endowed her with a beautiful singing voice. The family pet is eddaitle
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human intelligence./ the desire to endow pattern recognition systems with robust visual capabilities
and a variety of applications.

observation n the process of watching something or someone carefully for a period of time: a
study based on detaileabservation of a group of 20 patientskesult of scientific observation/
She's in hospital under observation./ The survey was basetirent observation of over 500
schools.

propagate v formal to spread an idea, belieftcto many people: The group started a magazine to
propagate its ideasSuch lies ar@ropagated in the medidlectromagnetic waves propagate at the
speed of light in a vacuumirt solids, sound waves can propagate in four principle modes that are
based o the way the particles oscillateThe article focuses onxperimental and theoretical
advances in antennas including design and development, and in the propagation of electromagnetic
waves including scattering, diffraction anderaction with continuousedia.

recognition n the act of knowinggomeone or sthecause yothave known or learned about them in

the past: Years later, she passed me in the street without even the smallest sign of recognition./ the
automatic recognition of handwriting lmpmputerMHe appeared at the Montre[nhn"tre:] festival

in 1978, and at last began to get some international recognition as a pianist./ He was presented with a
gold watch in recognition of his service to the company./ The importance of voluntary organizations
in the economy still needs to be given recognition.

restrict v to limit or control the sie, amount, or range of stfihe new law restricts the sale of hand
guns./ The government is considering new laws which will further restrict people's access to
firearms/ Having small children tends to restrict your freedom./ New heavy industries were
concentrated in narrowly restricted areas./ Citizens of the EU can travel without restriction within
the EU./ The regulations weseen as a restriction on persainaédom.

review v to examine, consider and judge a situation or process carefully: Safety procedures are
being urgently reviewed after a chemical leak at the factory./ This film has been favorably reviewed
in a number of papers./ The first chapter presaiwt#ical review of the existing nursery education
system.

robust adj strong and not likely to break; behaving or speaking in a strong and determined way: a
six-foot giant who seemed likely to flatten even the most robudedkchairsThe US economy is

now much more robust.

technique n a special skill or way of doing something, especially one that has to be learned: new
techniques for producing special effects in movies/ The new technique works better than the one it
has replaced./ techniques for therage of data

utilize v formal to use something effectively: a heating system that utilizes solar energy/ The new
computer system is not being fully utilized yet./ Concrete had le@®my utilized as a bonding and
covering material.

variety n a lot of a pdicular type of things that are different from each other: the girls come from a
variety of different backgroundsTlhe T-shirts are available in a wide variety of colors./ the rich
variety of the local bird life/ Dealing with customers addsiety to tle job./the continuously
varying intensities of natural light

whole adj all of something; entire: fe whole school meets together once a wééie/whole thing

just makes me sick./ The project involved the whole of the university.

lll. Skim the text quite quickly to get a general understandingand answer the questions
given. Consult the vocabulary after the text.

What is the articl@about?

What do you know about the subject?

Where can D patternrecognition be applied?

What are some of the challengdgecognizing a ® object?

What doeghetechnique discussed in the article use to recognzp abject?

arwnNPE
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HOLOGRAPHY AND 3D OBJECT RECOGNITIORN

Threedimensional (3D) pattern recognition has been one of the most challenging problems in
the patterrrecognition area, due to the desires to endow pattern recognition systems with robust
visual capabilities and a variety of applications.

Our real spatial world is-B, and thus @ information about objects can give a pattern
recognition system more robusisual capabilities. ® pattern recognition finds a variety of
applications in the areas of industrial inspectiond) 3nicroscopy, medical imaging and
recognition, robotics vision,-B data acquisition and processing, and optical remote sensing. The
difficulties of recognizing a-B object and learning its location are due mainly to visual systems
that are restricted to the sensing and processing of information which can be displayBd as 2
projections.

In this chapter, we discuss alB pattern recognitin technique in which, we record the
holograms of objects as a form of electric signal and achieviDgpattern recognition by digital
processing of the hol ograms. I n t heDinmagesfomi q u €
representation of a-B object because we utilize the holographic information of the object. The
depth information of the object can also be ex&@ddirectly from the hologram.

The diffracted light from an object contains whol® 3nformation of the object as a complex
field that is represented by spatial distribution of complex numbers. Complex numbers are
composed of their amplitude and phase. However physical devices can only sense the intensity of
the complex fieldln this section, we review the characteristic of thé&alted light. After that, we
present an ofxis hologram that records the phase information of the diffracted light as a form of
intensity signal. This makes it possible that theagis hologram contains wholel3information of
the object.

Figure 6.1) shows an optical system in which, coherent light illuminates an object and the
diffracted light is observed on the observation plane. Since thespeme is linear and space
invariant for the field distribution of light, the diffracted pattern on the ofasi®n plane is given by
the superposition of the diffracted light from each points of the object. Thus, the diffracted pattern is
calculated by convolution between the free space impulse response function and the spatial
distribution of the object:

J (xy)=p(xy.2) A h(x,y,2)dz
(6.1
whereo (X, vy, 2 is the spatial distribution of the objeetis the wavelength of the illuminating light
and

1 e . P (.2 2 0]
hix,y,z)=]—expi- | —\X"+Y i
(y.2)= ] enr J/Z( y)g
is the free space impulse response function. When a point object is locfde®,a) in the fig.
(6.1 the diffracted light distributin on the observation plane is the free space impulse response

function. The symbol& represents the convolution operation that is defined as

a.(¢ Y)A g,(x y) = fioffx. ¥)? g,(x- x,y- y)ixdy

% The text wasdopted for language learning purpoesm preprint of the originapaper ofT . Kim AOptical
di mensional i mage recognitf/lon using holographic inform
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The diffracted light/ (X, y) from the object is called object wave. In E§.1f, we can see that

the diffracted light on the observation plane is the encoded pattern, in which each points of the
object is encoded by the free space impulse response function. Further more, thd pleafe®

space impulse response function contains the depth location of each points of the object. Thus, the
diffracted pattern on the observation plane is a spatial distributioonaplex numbers in general,

ie.

J (xy)=l (x y)exol- / (xy))

and its phasej(x,y)cont ains the information of the o
optical detection system lika film or a CCD responds only tbe intensity of light. Thyswve lose

the phase information of the object wavg (X, y) when we detect the spatdistribution of light

using a conventional optical detection system. This makes it impossible to record the depth
distribution of the object by direct detection of the object wave.

In order to detect the phase information of the object waveupwerpose a plane wave with the
object wave. The plane wave that is superposed with the object wave is called a reference wave.
Figure 6.2 shows the optical system that superposes the object wave with the reference wave. The
field distribution of the sugrposed light on the observation plane is given by:

Y (% y)=1+/ (x,y) 6.2
where 1 represents the plane wave on the observation plane.

When we place a twdimensional light detection system like a film or a CCD on the
observation plane, we can record the intensity 8istion of the superposed light. The intensity
distribution of the superposed light on the observation plane is given by:

HE (6 y) =Y (o) =[+/ ()

=14} (x y) +/ " (x y)+/ (x.y)

=1+)j (xy)* +2Re]j (x, v}

=1+ (xy) +2) (x y)eod- / (xy)) 6.3

where/ * (X, y) represents the complex conjugatg ())’(, y). Note that the phase information of

the diffracted light- / (X, y) is recorded as an intensity pattern. Further more, we can see that the
intensity pattern is composed of three terms. The first term is the space varying positive term
(1+V (X, y){) the second term is the complex conjugate of the object yvd\/éx y) and the

third term is the object wave itsqif(x, y). The object wave contains the information of the whole

3-D distribution of the object. He we can see that if we record the intensity pattern of the
superposed light, the recorded pattern contains whdeirformation of the object. Thus, the
recorded pattern is calll a hologram (a whole record).

Since the propagation axes of the referemege and the object wave is aligned, this kind of
hol ographic recoaxismghdlsogradmae.d an fAon

In a hologram, the space between fringes is determined by depth information of an object. Thus,
the i nformation of t hencodddjasacfdrnd of thelfenge patterd in ¢hé r i
hologram. This makes it possible that one matches whd@ea3pects of objects just by[2
matching between the holograms of the objects.
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Object, O(x, v, z)

Beam splitter

Observation plane

Collimated coherent light

Figure 6.1. llluminating an object with coherent li§jfit

Figure6.2. Onraxis hologram of an objeft].
Vocabulary Notes:

3-D dataacquisitionandprocessing ) B 6 B tc O BldstdsjS A3 jdicody frfef Otdznlz" -

CCD (Charge Coupled Devigé {f tc d €ns © tc W HfffsooMaQ! 18t

challenging' Is tc Iz H dz" 2

field distribution of lighti tc O { tc j Hisjfipiej jdzdjjdad W

free spacampulseresponsdunctioni W z dz¢ o 3Y & dz' ) dzts ciifo SBISCHOHEERS tc O dzf Is €
(dai3tf 2dz! de" 2 BlsCdzdt MotBtHdsets ftotsiistcOdzmise O)
intensitytermi fdzOc O di3tsj, Mo w L Odzdetsy M ddzlsy dzind o detsmls &
imagingiae L 2OdzdL Oydw

opticaldetectiorsysteni’ (9 H Odzdzsdz Mz yo©J ) MdMisj @O tj e dMmMlstc Oy
opticalremotesensing sf sd yj MS¢ 4 HdMIsOdydsdds,] L tsdHidtese Odz
phasdnformationof theobjectwavei d dz¥ stedzOydw , MtsH j ey O Owmw o W OL
spacevarying positivetem T f sdztsy dIsj dz? desy MdzOe OJ Bsy , L Oo d Mmw
CosteH d dzOls



