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PREFACE

Dear Reader,

On behalf of the authors’ team I would like to highlight the target of our book. Science in
general is a cosmopolitan subject 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 happened even during the
existence of the well-known 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 various institutions of different countries.
That is why the knowledge of foreign languages is necessary for communication between people
in the modern world.

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

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 original texts created by
the native speakers of English. Only the texts of two units belong to the scientists whose native
language is not English but who have been living and working in English-speaking countries for
many years. The texts used in this book are not written for educational purposes but they have
been taken from original scientific papers. By kind permission of the authors we use the original
materials for learning purposes. All scientific sources of the texts are modern (from 2000 — to
2006) and reflect the up-to-date state of the English language.

The book consists of four parts. In the first one the principles of spatial vision are
discussed. The rest three are devoted to the main methods of 3D displays. The authors tried to
build the book in a uniform way that is why each unit has the same structure which makes it
easier and clearer to work with the material.

The topic of the book concerns the most popular and developed of known methods of 3D
image  reconstruction such as stereoscopy, multi-view displays, holography, and volumetric
displays. The stereoscopic system consists of two separated channels which translate the optical
signals to the left and right eyes simultaneously but separately. Then due to the parallax effect
the observer’s brain reconstructs the image as a 3D scene. The multi-view displays have narrow
angle zones each of which directs the optical flow to the right and left eyes separately. The
holographic approach allows reconstructing the most realistic 3D 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 more
perfect. The volumetric method foresees the presentation of volumetric media in which the 3D
image is reconstructed.

The main aim of the book is to develop such essential language skills as Reading and
Speaking. It also gives the opportunity to improve students’ abilities to translate texts on Physics
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and Optics in particular. It is necessary to point out that the use of the book helps students both
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 science
and its actively developing part — registration and representation of three dimensional images.

Vladimir Petrov

Professor of Applied Physics Chair
of Saratov State University



PART ONE

SPATIAL VISION



UNIT 1
LIGHT PERCEPTION AND EYE PHYSIOLOGY

READING

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

Particular [pa:'tikjuls], either ['a1ds], adequate ['aedikwit], distinguish [d1s'tingwif], attribute
['zetribju:t], cornea ['ka:nia], choroid ['kauroid], fovea ['fauvis], iris ['araris], -infinitesimal
[1nfinI'tesaml].

I1. 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 object./ Images are perceived to be translucent./ Delia’s skin has a
translucent quality so that you can almost see the veins under it./ This china is so fine and delicate
that if you hold it up to the light it’s translucent.

perceive v become aware of, esp through eyes or the mind: A human being viewing each of the
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 substance: 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.

slit 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 nature are 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, neighborhood: There isn’t a good school in the vicinity./ There are no rods and
cones in the vicinity of the optic nerve.

111, 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 sub-heading, 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 "radiant energy which, by its action on the organs
of vision, enables them to perform their function of sight”. Much is known about the physical
properties of light, but the mechanism by which light interacts with the organs of vision is not as
well understood.

Several common sources of light encountered in imaging systems are sunlight, a tungsten lamp,
a light-emitting diode, a mercury arc lamp, and a helium-neon laser. A human being viewing each
of the light sources will perceive the sources differently.

Sunlight appears as an extremely bright yellowish-white light, while the tungsten-light bulb
appears less bright and somewhat yellowish. The light-emitting diode appears to be a dim green; the
mercury arc light is a highly bright bluish-white light; and the laser produces-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 in perception? 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 characteristics 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 which an 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 & Sons, Inc.)

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. However, it is clear that the light wavelength is not
an adequate measure of color because some colored lights encountered in nature are not contained
in‘the rainbow of light produced by a prism. For example, purple light is absent. Purple light can be
produced by combining 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 is possible to have two light
sources with different spectral energy distributions that are perceived identically. Such lights are
called metameric pairs.

! The text was adopted from the original book of W .K. Pratt, “Digital image processing: PIKS inside” [1], by
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 spectral 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, saturation is not usually 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 of John Wiley & Sons, Inc.)
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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 perception. Such 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 development of visual
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 choroid, a layer 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 on the 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 receptors; the cones 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. Cones respond 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 line on the retina. 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:

radiant energy — sHeprust U3Iy4eHHs; Ty9UCTas SHEPTHs

imaging system — cucrema opMHupoOBaHUs WK 00paOOTKH H300paKeHMIT
tungsten lamp — Bonb(pamoBast Tamna HaKaTHBaHHS

bulb — nammouka

narrowband wavelength light — nouru MmoHoXpomarudeckuii cBeT

cyan — rony6oit (oaun u3 nBeroB cucteMbl CMYB — Cyan — Magenta — Yellow — Black)
metameric pair — MmeTamepHuuecKas mapa

chromaticity diagram — rpadux nBeTHOCTEH

cornea — porosuiia (poroBasi 000J04Ka ria3a)

outer cover — HapyXHasi 000JI09Ka

sclera — ckiepa (6emounas 060I04Ka ri1a3a)

choroids — cocynucras o6osouka riaza

iris — pagyxkHast 000J09Ka ria3a

visual response — peaxius 3pUTEIILHON CUCTEMBI

scotopic vision (night vision) — ckotonuyeckoe (HOYHOE) 3peHHUE
photopic vision (day vision) — poTonuueckoe (A1HEBHOE) 3peHUE

Active Vocabulary:

sensation — oryIeHue; BOCIPUATHE

attribute — cBo¥icTBO; OTIIMUMTENBHAS YEpTA

uniform — oMHAKOBBII; 0THOPOIHBIN; pABHOMEPHBIH
hue — uBeToBOI1 TOH

saturation — HaChIIIIEHHOCTH

quantitative measure — koM4YecTBEHHAs Mepa
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slit — mens

arrangement — MmexaHu3M; PUCTIOCOOICHHE
refraction — npenomirenue

under identical conditions — B 0iMHAKOBBIX YCIOBHUSX
infinitesimally small — 6eckoneuno masbrit
Cross section — momnepevHsblit pa3pes

bundle — cBsi3ka; mydox

respond (to) — pearupoBaTh (Ha)

light-emitting diode — cBeTomsnyyaromuii 1uox
retina — ceTuatka (ceTdartas 000JI0YKa IJ1a3a)
rods — majouku (CeTYaTKH)

coNnes — KoJI00UKH (CeTYaTKH)

eyeball — rmasnoe s6;10K0

lens — xpycranuk riasa

fovea — nenrpanbHas ssMKa (CETYATKH)

blind spot — cireroe msaTHO

mercury arc lamp — pryTtHast ayrosas Jiamra

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

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

What are the attributes of the light sources that cause 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 metameric pairs?

What does the saturation describe?

What does figure 1.2 show?

At what point is the density of cones greatest?

LN

NG

VOCABULARY EXERCISES
I. State the part of speech of the following words pointing out the word building elements.
Give their Russian-equivalents.
Differ — different — difference; part — partial — partially; describe — description — descriptive —

descriptively — descriptor; identical — identifiable — identification — identify — identity; equal —
equality — equalization— equalize — equalizer — equally.

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

Verb Noun Adjective

radiate
represent
measure
intensify
distribute
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I11. Use the correct form of the word in capitals at the end of each sentence to fill the gap.

1. Light is ..... energy which enables the organs of vision to perform their function of sight.
RADIATE

2. It’s not difficult to represent the spectral energy ..... of light emitted from some primary light
source. DISTRIBUTE

3. The source of greater physical intensity will generally appear to be ..... brighter. PERCEIVE

4. There are three perceptual ..... of a light sensation. DESCRIBE

5. It is possible to have two light sources with ..... spectral energy distributions that are perceived
identically. DIFFER

6. A photochemical transition occurs ..... a nerve impulse. PRODUCE

7. The ..... of the three types of cones provides a physiological basis for the trichromatic theory of
color vision. EXIST

8. The monocular depth cues are experiential and over time ..... learn the physical significance of
different retinal images. OBSERVE

9. Stereo depth ..... in the natural world is illustrated in this picture. PERCEIVE

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

light (the ~ of the sun, the ~ of a candle; to stand in sb’s ~, in a good ~, to rise with the ~, to strike
a ~, in the ~ of past events, to do one’s best according to one’s lights, to get out of the ~, the ~ of
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 civilities, 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, railway ticket, proofs, five pounds from one’s pocket; ~ in evidence; ~
Shakespearian plays, woolen goods, 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

attribute n see, understand well the difference

distinguish v become aware of especially through the eyes or
the mind

saturation n flexible line of connected rings or links for
connecting ornament

concept n well - defined, distinct

invisible adj complete with everything needed

perceive v quality naturally or necessary belonging to a person
or thing

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

perfect adj number of things fastened, tied together
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bundle n idea
sharp adj state of being saturated
perception n that cannot be seen

V1. Fill in the gaps in the sentences below 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

visual ..... . 2. The o cones are primarily responsible for blue light ..... . 3. Points in space
are ..... to lie at the same depth. 4. I have no ..... of what he means. 5. When applied to nuclei, the
snapshot ..... is theoretical. 6. A person with good eyesight can ..... distant objects. 7. In.a normal

metal dynamic and static ..... in the crystal lattice are responsible for the scattering of de Broglie
waves. 8. The electrons of lower energy follow a path of ..... radius than the full-strength electrons
do. 9. What are the ..... of the light sources that cause them to be perceived differently? 10. .....
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.
VI11. Give the English equivalents for the following using the text.
COFJ’IaCHO, JIYUUCTasa SHeprus, 3pCHuc, CBOI>'ICTBO, HCTOYHHK CBC€TAQ, COJIHECUHBIN CBCT, IIYUOK CBCTA,
SIPKOCTb, OTJTUYUTENIbHAS YepTa, IIeTh, MEXaHU3M/IIPUCTIOCOOICHHIE, 3pUTEIbHASI CUCTEMA YEJIOBEK,
IOBEPXHOCTD, reJui-HeOHOBBIN JIa3ep.
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, photonic vision, scotopic vision.

PRACTICE

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

thermoelectric generator design problem

npoodJeMa 4yero? (kakasi?) — KOHCTPYHMPOBAHHUS
KOHCTPYMPOBaHMS 4ero? — re’Heparopa

reHepaTopa Kakoro? — TepMo3JIeKTPUYECKOr0

Nnpod/1eMa KOHCTPYHPOBAHHUA TEPMO3JICKTPHYECKOI0 reHepaTopa

psychophysical vision properties
a wavelength band
light spectral energy distribution
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narrowband wavelength light

a constant perceptual color difference

a micron-scale computed tomography apparatus
regeneration process

I1. 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 sources identically.

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 identically.

Saturation is usually a quantitative measure.

7. 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 and thicker in structure.

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.

agrwnE

1S

I11. Translate the following text into English.?

B nocnennue roapl ObLTO AKCIEPUMEHTAIBLHO YCTAHOBIIEHO, YTO CYIIECTBYIOT TPH OCHOBHBIX
TUMA KOJOOYEK CeTYaTKU. ODTHU KOJOOYKH WMEIOT. pPa3iIMYHbIE CIIEKTPaJbHbIE XapaKTEPUCTUKU
MOTJIONIEHUSI C MAaKCUMalbHBIM TIOTJIOINIEHHWEM B KpacHOHM, 3€leHOM U ToixyOol olmactax
onTtuyeckoro crekrpa. Ha pucynke 1.4 mpuBeneHbl TUIHWYHBIE KPUBBIE CIIEKTPAIBHOTO
MOTJIONIEHUS TTUTMEHTOB CETYATKH. DTU KPUBBIE UMEIOT JIB€ 0COOEHHOCTU. BO-TepBhIX, KOIOOUKH
TAMA O, TOTJOMIAOIIME B OCHOBHOM CHHUH CBET, HMEIOT OTHOCHUTEIHHO HH3KYIO
YYBCTBUTEIBHOCTh. BO-BTOpBIX, KPHUBBIE MOIJIOLIEHUS 3HAYUTENIBHO MEPEKPBIBAIOT JIPYr Apyra.
Cy1iecTBOBaHHE TPEX THUIOB KOJIOOYEK CIYKUT (PU3MOIOTHYECKUM OOOCHOBAHHMEM TPEXIIBETHOM
TEOPHUH IIBETOBOTO 3PEHUSI.

RELATIVE SENSITIVITY
W

1
400 500 600 T00

WAVELENGTH, nm

Figure 1.4. Typical spectral absorption curves of pigments of the retina [1].
(Permission for Reprint, courtesy of John Wiley & Sons, Inc.)

? The text was translated from the original book of W .K. Pratt, “Digital image processing: PIKS inside” [1], published
by John Wiley & Sons, Inc.
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Vocabulary Notes:

absorption characteristic as a function of wavelength — ciekTpanbHast xapakTepuCTHKa MOTJIOLICHUS
peak absorption — MmakcHUMaabHOE OTJIOMICHHE

absorption curve — kpuBast OTJIOLICHUS

pigments in the retina — mUrMeHTHI CETYATKH

primarily — B 0CHOBHOM; TJIaBHBIM 00pa3om

sensitivity — 9yBCTBUTEIBHOCTD

to overlap — nepekpsiBaTh

trichromatic theory of color vision — TpexiBeTHast TEOpHs IBETOBOTO 3pCHHS

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 radiant energy (radiant intensity) that it
emits at a particular spectral wavelength. Light entering the human visual system originates either
from a self-luminous source or from light reflected from some object or from light transmitted
through some translucent object. Let 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 wavelength-dependent
transmissivity and reflectivity, respectively, of an object. Then, for a transmissive object, the
observed light spectral energy distribution is C(4)=t(1)E(1), and for a reflective object

CA)=r(V)EQ).
Vocabulary Notes:

electromagnetic spectrum — criekTp 21eKTPOMArHUTHBIX BOJH
radiant intensity — MHTCHCUBHOCTD U3JLyHCHHUS

self-luminous - camocseTsmuiics

transmitted light — mpoemmii ceer

translucent - momnymnpo3pauHblit

transmissivity — nporyckaTenbHasi ClIOCOOHOCTb

reflectivity — orpaxkarenbHas cnocoOHOCTB

transmissive object — mpeamer, nmpormyckarouuii cBeT

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 nerve bundle contains 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 on a many-
to-one basis. Because neither the photochemistry of the retina nor the propagation of nerve impulses
within the eye is well understood, a deterministic characterization of the visual process is

% The text was adopted from the original book of W.K.Pratt, “Digital image processing: PIKS inside” [1], by courteous
permission of John Wiley & Sons, Inc.
* The text was adopted from the original book of W.K.Pratt, “Digital image processing: PIKS inside” [1], by courteous
permission of John Wiley & Sons, Inc.
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unavailable. One must be satisfied with the establishment of models that characterize, and hopefully
predict, human visual response.

Vocabulary Notes:
photochemical transition — poToxumuueckuii nepexo;y
deterministic characterization — mosHoe onucanue

V1. Reproduce the main text.

VII. Write an annotation on the text.

VII1. Topics for discussion.

1. What is light?

Light, according to Webster’s Dictionary, is ‘radiant energy which, by its action on the organs of
vision, enables them to perform their function of sight’. What other definitions of light do you
know? Try to make several definitions 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 article. Supply your viewpoint
with arguments.
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UNIT 2
HUMAN DEPTH PERCEPTION

READING

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

Binocular [b(a)r'npokjula], homologous [ha'mplagas], precise [pri'sais], occlude [p'klu:d],
muscle [masl], geometry [d3i'bmaitri].

I1. 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.

advantage n 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 meters./ The 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.

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

verge n edge, border: to be on the verge of — be 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 truth: They 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 tonnes of gold
have been extracted at the mine./ The nuts are crushed to extract the oil from them./ He read out a
brief extract from his book./ Extracting 3D information about the world from images received by the
two eyes is a fundamental problem for the visual system.

I11.-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 different retinal 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?

arwdE
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HUMAN DEPTH PERCEPTION®

Binocular vision provides humans with the advantage of depth perception 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 depth relationships 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 known as pictorial 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 system and 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
objects in the real world. These include:

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

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

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

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

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

e Aerial Perspective: the atmosphere affects light travelling through it, for example due to fog,
dust or rain. As light travels long distances it is scattered, 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 Burder)

® The text was adopted for language learning purposes firom preprint of the original work of N.S. Holliman “Three-
dimensional display systems”’[2].
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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 other non-binocular depth cues are available:
motion parallax and oculomotor cues.

Motion parallax provides the brain with a powerful cue to 3D spatial relationships without the
use of stereopsis and this is the case when either an object in the scene or the observer’s head
moves. Motion parallax does not, however, make stereopsis redundant, as comprehending images of
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 muscles used to control 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 three-dimensional 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 facing eyes having 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 depth perception in the natural world is illustrated in figure 2.2. The two eyes verge the
visual axes so as to fixate the point F and adjust their accommodation state so that points in space at
and around F come into focus.

The vergence point, F, projects to the 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 right retina and the
resulting binocular disparity between the point in the left and right retinal images provides the
observer’s brain with the stereoscopic depth cue. Depth judgement is therefore relative to the
current vergence point, F, and is most useful to make judgements on the relative rather than
absolute depth of objects in a scene.

Points in space, other than F, which project zero retinal disparity are perceived to lie at the same
depth as the vergence point, all points that project zero retinal disparity are 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 have non-linear characteristics.
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To summarise the above, binocular vision uses the stereoscopic depth cue of retinal disparity to
perceive an object’s depth relative to the fixation point of the two eyes. At close and near range this
provides a high degree of depth discrimination and even at tens of metres from the observer enables
relative depth perception for larger objects.

Vocabulary Notes:

homologous points — oiHOMMEHHBIE TOYKH; COOTBETCTBEHHBIC TOUKHU (M300paKEeHHIA)

stereopsis — OMHOKYIISIpHBIA cTepeodhPeKT

oculomotor cues — okysoMoTOpHbIC (TJ1a30ABUTATENIbHBIC) (hAKTOPBI CTEPEOCKOMHYECKOTO BUICHNUS
stereoscopic depth cues — 6uHOKYIsIpHBIC (AKTOPBI CTEPEOCKOMMUYESCKOTO BUACHUS

monocular vision — MOHOKYJISIpHOE 3peHHe (BHICHHE)

monocular depth cues; 2D depth cues — moHOKyIIsIpHBIE (PAKTOPHI CTEPEOCKOMUIESCKOT 0 BUICHHUS
texture gradient — u3MeHeHHE TEKCTYPBI

aerial perspective — Bo3ayIiHas nepcrneKTrBa

color hue — 1BeTOBOI TOH; OTTEHOK I[BETA

motion parallax — napayuiakc 1BHKEHHS

vergence point — meHTp KOHBEPreHIuu (OCel riia3)

retinal disparity — ceruato4ynas 1uCiapaTHOCTh (M300paKeHUI HA CETYATKE)

horopter — roporrep

depth sensation — ourymieHue rayOuHbI (IPOCTPAHCTBA)

Active Vocabulary:

CUe — CHTHAIT; HaMeK

depth cues — npusHaku rIyOHHBI; GAKTOPBI CTEPEOCKOMUIECKOTO BHICHHUS
incident — ($bu3.) namaroruit

solid — (MaTeM.) IPOCTPaHCTBEHHBII; TPEXMEPHbIH

pictorial — n3o0pasurenbHbIi; rpadUYeCKUi

redundancy — u30bITOYHOCTH

experiential — ocHOBaHHBIIT Ha OIBITE; IMIUPHICCKHIA

interposition — BcTaBka; HaXOK/ICHHE MEKIY YEM-TO

occlude — nperpaxaarh; 3aKpbIBaTh

scatter — paccenBatb

diffuse — paccenBatp

vergence (Convergence) — KOHBEPIeHITHUS;, CXOXKICHUE B OJTHOI TOYKE
comprehend — mouumars

disparity — nqucnapaTHOCTh; HECOOTBETCTBHE

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

What did the author mean saying about redundancy 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 of points in space is called the horopter?

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

Ll SR M

o o

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

deep — deepen — deeply; judge — judgement — judgeship — judgmatical; perceive — perceptibility —
perceptible — perception — perceptive — perceptivity; perfect — perfectibility — perfectible —
perfecting — perfection; complex — complexity; dispose — disposal — disposed — disposer —
disposition.

I1. Make nouns and adjectives from each of the verbs from the table.

Verb Noun Adjective
inform
add
observe
reflect
illustrate

I11. Use the correct form of the word in capitals at the end of each sentence to fill the gap.

1. As light travels long distances it is scattered, colors loose ....., sharp edges are diffused.
SATURATE

2. Motion parallax ..... the brain with a powerful cue to 3D spatial relationships without the use of

stereopsis. PROVIDE

The binocular disparity ..... by the brain. PROCESS

4. Thereis no ..... between the location of the vergence point in the left and right retinal images.

DIFFER

The shape of the horopter ..... in figure 2.2 is only illustrative. SHOW

Binocular vision uses the stereoscopic depth cue of ..... disparity. RETINA

7. The stereoscopic depth sensation could ..... by showing each eye a separate 2D image.
RECREATE

8. The left and right eye views should be 2D planar images of the same scene from ..... different
viewpoints. SLIGHT

9. Depth judgement is relative to the current ..... point. VERGE

10. All points that project zero retinal dlsparlty are described as ..... on the horopter. BE

w

o u

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

perception (organ of ~, stereo-, color; ~ of beauty)

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

advantage (~ of a good education, of smb’s good nature; to get (to have) ~)

precise (~ measurements, meaning, rules of 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

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

precise adj distance from the top down

perception n power of seeing of imagining, looking ahead

loose adj obtain by force, by pressing

vision n understand fully

extract v go in different directions

comprehend v not tied up, not fastened

scatter v free from error

V1. Fill in the gaps in the sentences below using words from column A of Exercise V in the
correct form.

1. The human ..... system also makes use of other depth cues to help interpret the two images
incident on the retina. 2. As light travels long distances it ..... 3" ... 3D information about the
world from the images received by the two eyes is a fundamental problem for the visual system. 4.
Points in space which project zero retinal disparity ..... to lie at the same depth. 5. ...
judgement is therefore relative to the current vergence point, F. 6. The smallest ..... change in
angular disparity between two small objects is referred to as stereo acuity. 7. ..... depth is inversely
proportional to individual eye separation. 8. This can provide ..... information on the depth
relationships of objects in a scene.

VI1. Arrange the words given in a. and in b. in pairs of synonyms.

a. Precise, advantage, scatter, quantity, return, prominent, neglect, much.

b. Diffuse, magnitude, come back, well-known, exact, merit, a lot, disregard.

VII1I. Give the English equivalents for the following using the text.

TpexmepHbIif; 00BEeMHBI  (CTEPEOCKOMMYECKHIA); TMAJaIoONINii; ceTdaTka; (paJuo)CHrHa,
OCHOBaHHBIN - Ha ONbITe (IMIOUPHUYECKUI); paccerBaTh, HACBHIIIEHHOCTh; oOOpaTHas CBA3b;
3pUTCIIbHAA OChb, (bI/IKCI/IpyeMaSI TOYKa.

IX. Give the Russian equivalents for the following.

Homologous points; 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

I. 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

I1. Correct the wrong statements using the following as phrase-openings: on the contrary, |
don’t believe that, to my mind, it is considered that.

Binocular vision can’t provide humans with the advantage of depth perception.

People with monocular vision are unable to perform well when judging depth in the real world.
The monocular depth cues are not experiential.

Objects occluding each other don’t suggest their depth ordering.

The way light reflects from objects can’t provide cues to their depth relationships.

A texture of constant size objects such as pebbles or grass won’t vary in size on the retina with
distance.

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

Sk~ wd PR

I11. Translate the following text into English.°

HexoTtopsble nccenoBaTesn BbIIENAIOT TPU OCHOBHBIX MOAX0/1a K co3fanuto 3D-mucniees. 1o
METOJI Ha OCHOBE CTEPEOCKOIMH, METOJ Ha OCHOBE rojorpauu M HUCIOJIb30BAaHUE OOBEMHOMN
CpEIBbI.

B merone, OCHOBaHHOM Ha CTEPEOCKOIUH, OLIYLIEHHE TIIyOMHBI IIPOCTPAHCTBA BOCCO3/AETCs
IyTeM NpPeIbSBICHHUS KaXJIOMY U3 IJIa3 3pUTENs OTAEIBHOIO IJIOCKOTO HM300paKeHMUS.
N300paxenus, npeabsBiIseMble -JE€BOMY W IMpaBOMy TIJja3aM 3puUTelsl JOJDKHBI  OBITh
M300pakeHUSIMHM OJTHOM U TOM K€ CLIEHBI, MOJYYEHHBIMU C HE3HAYUTEIbHO OTIMYAIOIINUXCS TOUYEK
3peHusl.

Paznuune TOYEK 3pPEHUs NPUBOAUT K Ppa3IMUUsAM B TOJYYEHHBIX H300paXKEHHUSX.
BnocnencTsuu, nmpu pa3zaenbHOM OMHOKYISIPHOM HaOMIOJEHUHM 3TUX W300pakKeHUH, y 3pHUTeNns
MOSIBIISICTCS OIIYIIEHHE TIYOMHBI MPOCTPAHCTBA, TaK KaK Pa3nuus B M300paKECHUSAX MPUBOIAT K
BO3HUKHOBEHHIO CETYATOYHOW JUCHApaTHOCTH TMOAOOHOW TOH, UYTO UMEEeT MEeCcTO MpH
HEMOCPEJCTBEHHOM HAOJIOACHNHN peaIbHOW TPEXMEPHOH CLIEHBI.

Vocabulary Notes:

single out — BeIIEATH

approach (to) — moaxozx (k)
Stereoscopy — cTepeoCKOIUs
volumetric medium — o6beMHas cpena
recreate — Bocco3gaBaThb

separate — oTenbHbINI

subsequently — BociieacTeuun

® The text was translated firom preprint of the original work of N.S. Holliman “Three-dimensional display systems "[2].
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IV. Read the text and say what it is about.’

Geometrically we can define angular disparity, a, as the difference between the vergence angle
at the point of fixation, F and the point of interest. Considering figure 2.3:

Points behind the fixation point, such as A, have positive disparity.
a,=f-a
Points in front of the fixation point, such as B, have negative disparity.
a,=f-Db
The smallest perceptible change in angular disparity between two small objects is referred to as

stereo acuity, 8. 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 the points A and B.

Considering figure 2.4 when points A and C can just be perceived to be at a-different depth then
stereo acuity will be:

o=a-cC

Various studies show the eye is able to distinguish very small values of &, as little as 1:8”
(seconds of arc). As the exact limits vary between people Diner and Fender suggest that a practical
working limit is to use a value of stereo acuity 6 = 20”. Using this value we can calculate the size of
the smallest distinguishable depth difference at a given distance from the observer.

Horopter

m o n

Figure 2.4. Stereo acuity defines smallest depth difference an observer can perceive [2].

<

" The text was adopted for language learning purposes from preprint of the original work of N.S. Holliman “Three-
dimensional display systems"[2].
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V. Read the text and render it in Russian.®

An important question is what advantages does binocular vision provide in the real world? As a
visual effect it clearly fascinates 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:

e Relative depth judgement. The spatial relationship of objects in depth from the viewer can

be judged directly using binocular vision.

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

ignore those at other depths using binocular vision.

e Breaking camouflage. The ability to pick out camouflaged objects in a scene is probably one

of the key evolutionary reasons for having binocular vision

e Surface material perception. For example, lustre, sparkling gems and glittering metals are in

part seen as such because of the different specular reflections detected by the left and right
eyes.

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

more effectively with binocular vision.

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

V1. Reproduce the main text.

VI1I. Write an annotation on the text.

VI11. 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 information about 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 in his book ‘Foundations of the Stereoscopic Cinema: a Study in
Depth’, “all filmmaking is three-dimensional in the sense that motion pictures provide many cues to
depth that also help us perceive the visual world’. Nevertheless we say that image provided by
conventional display is not a volumetric image, but planar one. In this context how can you define
the term ‘volumetric image’? Use information about depth cues to formulate the definition.

* The text was adopted for language learning purposes from preprint of the original work of N.S. Holliman “Three-
dimensional display systems "[2].



PART TWO

STEREOSCOPY

27



28
UNIT 3
POLARISED STEREOSCOPIC PROJECTION

READING

I. Read the following words paying attention to pronunciation.

Available [3'verlabl], purify ['pjuarifar], percentage [pa'sentid3], accuracy ['ekjurasi],
attribute v [3'tribju:t] — attribute n ['atribju:t], distinguish [d1'stingwif].

I1. Try to guess the meaning of the words in bold type.

clockwise/counter-clockwise adv in 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 images — e.g. = 45 degrees for linear polarization, or clockwise and counter-clockwise for
circular polarization.

advantageous adj profitable, useful: This paper points out that it is advantageous that the output of
an LCD projector is already polarized./ He gained little advantage from his visit to London.
circular adj round or curved in shape; moving round: For round circular polarization, the two views
are clockwise and counter-clockwise polarized.

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

assess v 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, as being 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 twins were so alike that it
was impossible to distinguish one from the other./ The non-linear response of the eye to brightness
may make this brightness difference somewhat hard to distinguish.

I11. Skim the text quite quickly to get a general understanding and 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 polarization be

orthogonal?

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 3.1?

5. What are linear polarizers placed for in configuration from Figure 3.1c?

w
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POLARISED STEREOSCOPIC PROJECTION?®

Polarised stereoscopic projection involves the polarisation of the two (left & right) projected
images in orthogonal directions. The defacto standard for linear 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 counter-clockwise
polarised.

In the past, projectors with unpolarised outputs were generally used, such as slide projectors or
movie film projectors — hence the orientation of a polariser placed on the front of the projector
didn’t need to be given much thought. However, the output of projectors based on an LCD optical
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 direction (e.g. Red and Blue vertical and Green horizontal) — most three-panel
LCD projectors are in this category. For the purposes of this paper, let’s call this a Type 1
LCD projector.

c. linear polarised output with all colours in the same direction — as with single panel LCD
projectors and some three-panel LCD projectors. Let’s call this a Type 2 LCD projector.

In order for the three categories of video projectors to be used with polarised stereoscopic
projection, various configurations of optical filters must be 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)

projectors i\k/,///\\\x R .
T —_ \\\\\ . , S

.
T -S4 g »{j T | =2
linear polarisers i—/

linear polarisers/' polarisation rotator

. . ad
linear polarisers

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 of Figure 3.1b, the linear polarisers
must be placed at either +45° or -45° in order for the correct colour balance to be achieved. Luckily
this.corresponds with the desired polarised projection orientation.

In the case of Figure 3.1c, it is desirable that the bulk of the light being output by the projectors
in the vertically polarised direction be rotated into the desired +45° or -45° orientations — this can be
achieved with a half-wave retarder. Linear polarisers are then placed at the output to purify the
linear polarisation in the desired directions - to 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 text was adopted for language learning purposes from preprint of the original paper of A.J. Woods “Optimal
usage of LCD projectors for polarised stereoscopic projection ” [3].
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The relative efficiency 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 quoted
for each configuration represents the amount of light that reaches the screen from the projector’s
output lens — 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
all light emitted at the projector’s output lens reaches the screen (0% light loss).

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

) ) ) Efficiency
Projector Type and Configuration
Measured Calculated
(@) Unpolarised output (CRT/DMD) ~25% ~35%
gb)LI(El[r)I;ear polarised with colours non-co-linear (Type ~3004 ~50%
I(_c:c):IES;near polarised with all colours co-linear (Type 2 5704 ~629%

Both measured and calculated figures are listed because the difference between measured and
calculated provides some 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 figures could be attributed 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) and the 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 already polarised. Even configuration
(b) produces an image ~28% (measured) or ~41% (calculated) brighter than configuration (a),
although the non-linear response of the eye to brightness may make this brightness difference
somewhat hard to distinguish.

Vocabulary Notes:

LCD (liquid crystal display) — )KKJI (;kuaKOoKpUCTaUIMYECKUN TUCILICH)

CRT (cathode ray tube) — DJIT (amekTpoHHO-TTy4YeBast TPYOKa)

DMD (digital micro-mirror device) — 1udpoBoe MHKpO3EpKaIbHOE YCTPOMCTBO - YCTPOWCTRBO,
ucronb3yemoe B TexHojoruu DLP

DLP" (digital light processing) — uudpoBas obpaboTka cBeta; TexHosorusi DLP - TexHomorus
00paboTKu cBeTa, pa3paboTaHHas KoMImanuei Texas Instruments

bulk — ocaoBHas macca; 6oJbIIas YacTh

ship — mocraBisaTh (ToBap)

purify the linear polarization — oBbImaTh CTENEHD JIUHEHHOMN MOJIIPU3ALMN

non-linear response of the eye — HenuHelHas XxapakTepUCTHKA PEAKIIUHU TJ1a3a

Active Vocabulary:

interaction — B3auMoneiicTeue
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match — moaxoanuTh; COOTBETCTBOBATh

quote — npuBOAUTH (B KAUECTBE NIPUMEPA, UILTIOCTPALIMH)
achieve — gocturaTh (11€]1H)

reach — nocturath (MecTa)

assessment — orieHKa; ornpenesieHHe IEHHOCTH
approximate — npuOIM3UTEIbHBIH

accuracy — npaBUJIbHOCTh; TOYHOCTb

trend — oO1iee HanpaBICHNUE; TCHICHIINS

confirmation — moaTBep kK aeHHE

overall — cymmapHsbIit pe3ynbrar

attribute (to) — 00bscHATE (4eM-1160)

distinguish — pasnuuuTh; pasriasaeTb

distortion — uckaxenue

orient at any angle — pacrionarats 1Mo/1 MPOU3BOJIBHBIM YTIIOM
co-linear — koTMHEapHBIH

retarder — ¢a3oBas rIacTHHKA

half-wave retarder — nosyBosHOBas ((ha3oBasi) IMIIACTUHKA

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 3.1 show?

What can you tell us about the non-linear response of the eye to brightness?

arONE

VOCABULARY EXERCISES
I. State the part of speech of the following words pointing out the word building elements.
Give their Russian equivalents.
Project — projector — projection; line — lineal — lineally — linear — lineation — lineman; single —

singleton — singly — singular — singularize — singularly; vary — various — variously — variability —
variable — variance —variant — variational; retard — retardation — retarder.

I1. Make nouns and adjectives from each of the verbs from the table.

Verb Noun Adjective
imagine
polarize
direct
measure
calculate
differ
assess

I11. Use the correct form of the word in capitals at the end of each sentence to fill the gap.
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1. More light is ..... when DLP and CRT projectors are used for linear polarized stereoscopic

projection. LOSE

The paper has only considered ..... polarized stereoscopic projection. LINE

Similar principles ..... to circular polarization. APPLY

The ..... optical filters can change the color balance of the projected image. VARY

Unfortunately, this paper comes at a time when very few Type 2 LCD projectors ..... .

PRODUCE

This will depend upon the quality of the ..... filters being used. OPTICS

7. The figures shown in Table I should therefore be used to re-date ..... of the projectors you
are considering. BRIGHT

8. The paper also points out that it is ..... that the output of an LCD projector is already polarized.
ADVANTAGE

SARE A

S

1VV. 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)
attention (to attract ~, to draw sb’s ~ to sth, to give one’s ~ to sb, to redouble one’s ~)

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 sb’s favour, against sth, between two alternatives, on a course
of of action)

end (~ one’s labor on a book, the cold 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

output n device which separates alternating current of one
frequency from others; colored glass which allows
light of certain wave-length to pass through

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

match v allow

filter n sth useful, helpful or likely to bring success

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

advantage n in large amounts

quote v quantity of power, energy, etc produced; information
produced from a computer

V1. Fill in the gaps in the sentences below using the words given in brackets making any
necessary changes.

1. More light is lost when DLP and CRT ... are used for linear polarized stereoscopic
projection. (project)

2. lItis ... that the output of an LCD projector is already polarized. (advantage)

3. Projectors with unpolarised outputs are generally .... (use)
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It is ... that the bulk of the light be rotated into the desired +45° or -45° orientations. (desire)
Both measured and calculated figures are listed because the difference between them provides
some ... of the approximate accuracy of the figures. (assess)

6. Even configuration (b) produces an image ~ 28% (measured) or ~ 41% (calculated) ... that
configuration (a). (bright)

S

VI1. 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.

VII1I. Give the English equivalents for the following using the text.

JIuneinas IoJrsipu3anus; Kpyrosasd I1noJjisipu3sanus; 1o 4acoBOM CTPCJIKC; ITPOTHUB 4acoBOM CTPCJIKH;
CBCTOBLIC IMOTCPU; UCKAKCHUC CBCTA; NTOAXOANUTH, COOTBETCTBOBATL, U3J1YyUaTh, KOJIJII/IHeaprlﬁ.

IX. Give the Russian equivalents for the following.

Retarder, bulk, to achieve, to reach, approximate, confirmation, non-linear response of the eye, to
distinguish, light loss; to orient at any angle, half-walk retarder, to purify, to match.

PRACTICE

I. Translate the following noun groups.into Russian.

liquid crystal display

cathode ray tube

digital micro-mirror device

digital light processing

light loss

color distortion

LCD projectors

price/performance ratio figures
stereoscopic.projection configurations
polarisation process

1. Correct the wrong statements using the following as phrase-openings: on the contrary, |
don’t believe that, to my mind, it is considered that.

Polarized stereoscopic projection involves the polarization of left projected images.

Vertical and horizontal polarization of the left views can also be used.

For circular polarization, the two views are counter-clockwise polarized.

The output polarization falls into two categories.

Various configurations of optical filters must be used to obtain the correct polarization output
without light loss and color distortion.

The linear polarizer at the output of the projector can be oriented only at half-angle.

arwE
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7. Without the retarders the image is weaker.

I11. Translate the following sentences into English.

1. TlonsipuzanmoHHas CTEPEOCKONMYECKash MPOEKIHS BKJIIOYAeT B ceOs MOJISPU3ALUI0 CBETOBBIX
IIOTOKOB, UAYIUX OT JBYX M300pa)K€HUH, B OPTOTOHAIBHBIX HAIIPaBJICHUIX.

2. Ilpu ucnonp3oBanuu XKJ[-poeKTOpOB ClieayeT MOMHUTH, YTO CBET Ha BBIXOJIE NMPOEKTOPOB
9TOTrO TUIA YXKE IOJISIPU30BaH.

3. B nmannoii paboTe paccMaTrpuBaeTcs BEIUYMHA CBETOBBIX INOTEPh B Pa3IMYHBIX CHCTEMax

MOJIAPU3AaLUOHHON CTEPEOCKONINYECKOM IMPOEKIIUH.

Heo6xoanMo pekoMeHA0BaTh ONTUMAIBHYIO KOH(UTYPAIIUIO POSKIIMOHHON CHCTEMBI.

Hanuuue omnpeneneHHoi noaspusanuu y csera Ha Beixonae JKK/[-npoekropa Ha camom nene

SIBJISIETCS. IIPEUMYILECTBOM.

6. B oOmem, npu ucnonszoBanuu XXKKJI-ipoexkTopa cBeToBbIe IOTEPH OYIyT MEHBUIE.

SRR

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 the same brightness, the figures shown in Table 3.1 should therefore be used to
de-rate 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 originally considered.

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 optical filters 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:

performance — skcruTyaTalMOHHbIE Ka4eCTBa; MPOU3BOIUTEIBHOCTD
adjust — perynupoBath; HaCTpauBaTh

gain — mpupocT; yBenuueHue; (T/IB.) yCUIeHUE

sharpness — pe3kocThb

V. Read the text and render it in Russian.!

The main point of this paper is that there can be a significant advantage in using certain LCD
projectors for polarized 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 comes at 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 be the subject of a future paper.

19 The text was adopted for language learning purposes from preprint of the original paper of A.J. Woods “Optimal
usage of LCD projectors for polarised stereoscopic projection ”[3].
' The text was adopted for language learning purposes from preprint of the original paper of A.J. Woods “Optimal
usage of LCD projectors for polarised stereoscopic projection ”[3].
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Vocabulary Notes:

survey — o63op

reveal — oTKpbIBaTh; OOHAPYKUBATH
V1. Reproduce the main text.

VII. Write an annotation on the text.

VII1. Topics for discussion.
1. Relative efficiency.

Which of configurations from Figure 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 by changing orientations

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

I. Read the following words paying attention to pronunciation.

Sequential [s1'kwen/fal], transparent [traen'spearant], gauge [ge1ds], transition [traen'sIfn], alter
['o:1ta], angle ['aengl], incident ['1nsidant], acceptable [ak'septabl].

I1. Try to guess the meaning 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: The 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.

sequence n succession; connected line of events, ideas, etc; the sequence 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 of — the greater part or number of: He left 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 year ago./ 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 of consist of two or more things: The committee comprises men of
widely different views./ A liquid crystal display with a frame rate high enough for field sequential
3D is likely to comprise ferroelectric liquid crystal and poly-silicon transistors./ The bulk of the film
is comprised of unrelated, ridiculous set pieces./ Life is comprised of actions and reactions.

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.

HI. Skim the text quite quickly to get a general understanding and answer the questions
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 of incident rays?

What quality will such displays deliver?

SourwndE
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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 transparent slab embossed 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 difficult to gauge
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 most 3D concepts because their field of view is limited
by lens f-number.

Field sequential displays use compound lenses which have better f-number than lenslet arrays, so
offer wider fields of view. Furthermore, the boundary between the views of a field sequential display
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 displays. Lastly, 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, and they require fast-switching 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 sequence of views
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 sufficiently quickly, the result is a flicker-free three dimensional image.
The bulk of this concept arises from the space needed between light source and lens — how is this
eliminated?

If a ray is shone vertically up to a mirror angled at 45° to the vertical, the ray is deflected into the
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 stack of mirrors
angled at 45° to the vertical, and the mirrors are partially reflective, then collimated light will emerge
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 emergent rays in the
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 focal 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 water whose sides were spaced so that the cover slips settled at 45° to the sides,
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 flat panel illuminator is to use

12 The text was adopted for language learning purposes from the original paper of A.R.L. Travis “Time-multiplexed 3D
display ” [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 to drive 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 and poly-silicon
transistors. In combination with the latest graphics engines and high brightness LED’s, it is expected
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 light [4].

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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light source

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

Vocabulary Notes:

time-multiplexed display (field sequential display) — aucruieii ¢ BpeMeHHbIM pa3aeieHHeM
(uepenoBaHHEM ) N300paKEHUI — HA3BaHUE CTEPEOCKOIMMYECKUX JUCIIIIEEB, B KOTOPHIX H300payKeHUS
Pa3IMYHBIX PAKYypPCOB 00BEKTA MPEABSIBISIOTCS 3PUTEIIO MOOUEPETHO, B PA3TMYHBIC MOMEHTHI
BpEMEHH

ferroelectric crystals — cernerosnekTpudecKkue KpUCTasibl; GepporIeKTPUKH

blurring at depth — pasmeiBanue (M300paXkeHus) O TIyOHHE

f-number — muadparmenHoe ncito (00BEKTHBA)

compound lens — cocraBHast aMH3a

lenslet array — tuH30BBIH pacTp

flicker-free image — Hemepnaroriee n300pakeHue

base of stack of mirrors — ocHoBaHue CTOIBI 3epKaj

Whim — npuxoTs; Kanpus; npuayaa

wistfully — Tockyst; cTpacTHO kenast 4ero-To

mould — otBaTh GopMy; AenaTh Mo MAdIOHY

Active Vocabulary:

slab — mmacruna

emboss — HaHOCHTH pesibed); BBIMYKIIbI PUCYHOK

grating — mudpakiuoHHast pereTka

discrimination — pasnuuenue; pasrpaHuUeHIE

stem from — nporcXoaUTh OT; SIBISATHCS PE3YJILTATOM YETO-TO
gauge — u3MepsITh; OIICHUBATH

transition — mepexo

bulk — Bennunna; 00beM

bulky — rpoMo31K#ii; 3aHUMAIOIIHIT MHOTO MECTa

gain acceptance — moay4uTh IpU3HAHKUE
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capture — 3anuchIBaTh (C MOMOIIBIO BHICOKAMEPHI)

deflect — OTKJIOHATE; M3MEHSTH HAIIPABJICHUE

angle — pacmonaraTh Mo yriom

€Merge — nosBJISITLCS, BBIXOAUTH

fit — ymemarbcs; momemarscs

overlap — Hallo)KeHHUE; COBIA/ICHNE; IEPEKPHITUE

settle — ykampiBath(cs1); ycrpanBath(cs)

solid object — mpocTpaHCTBEHHBIH (TPEXMEPHBIiT) 00BEKT
partially reflective mirror — yactuyno oTpaxaroiee 3epKajio
injected rays — BxoasIue Jgyqu

emergent rays — BBIXOISIIHE JIydH

microscope cover slip — moKpoBHOE CTEKJI0 MHKPOCKOTIA
frame rate — ckopocTh cMEHBI KapOB (4aCTOTa KaJAPOBO Pa3BEPTKH)

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

What kind of 3D display do people 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 source be placed in the focal plane of a lens segment?

arwOwdE

VOCABULARY EXERCISES

I. State the part of speech of the following words pointing out the word-building elements.
Give their Russian equivalents.

Able — ability — enable; image — imageable — imagery — imaginable — imaginary — imagination —
imagine; concept — conception - conceptual — conceptually; suffice — sufficiency — sufficient —
sufficiently; vary — variety — various — variously; part — partial — partially; alter — alterable —
alteration.

I1. Make nouns and adjectives from each of the verbs in the table.

Verb Noun Adjective

limit
produce
accept
reflect
satisfy

I11. Use the correct form of the word in capitals at the end of each sentence to fill the gap.

The displays deliver good quality 3D images at an ..... manufacturing cost. ACCEPT

The ..... grating must be weak. EMBOSS

Light passing from air into the slab and back into air is barely ..... by the grating. AFFECT

3D display was developed in which the roles of liquid crystal and light source are ..... .

APwnhE
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INTERCHANGE

The lens segment is ..... symmetric. CIRCULAR

The display substrate ..... crystalline silicon. BE

The lens segment and scanning source of light need be no ..... than the mirror stack. THIN

The injected rays can ..... by placing a spot source of light in the focal plane of a lens segment.
FORM

The bulk of this concept arises from the space ..... between light source and lens. NEED

IVV. 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, fracture, 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 n measurement of any sort

resolution n dividing line

discriminate v changing from one condition to another
dimension n benefit, profit

boundary n something that'is decided

transition n treat differently, make distinctions
quality n idea

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

V1. 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, sharp ..... between views. 2. Field sequential 3D
displays have the ..... that in principle they need no more pixels than a 2D display with equivalent
resolution. 3. The ..... of image produced by field sequential 3D is excellent. 4. It gives a sharp ...
between views. 5. The ..... between the views of a field sequential display are defined by a single
element. 6. Field sequential 3D displays enable wide fields of view, a sharp transition between
views, pixels which ..... not ..... at depth. 7. 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.

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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VI11. Arrange the words given in a. and in b. in pairs of antonyms.

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.

Tpexmepusblii nucruieii, GpeppodnaeKTpuKk, Mpo3payHblii, 00JacTb 0030pa, pa3IndyeHue, Mepexol,
YTOJI, HOSIBJISITBCSL.

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

I. Translate the following noun groups into Russian.

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.

I1. Correct the wrong statements using the following as phrase-openings: on the contrary, |
don’t believe that; to my mind; it is considered that.

Field sequential displays use only simple lenses.

Compound lenses can’t be used in field sequential displays.

A singe element doesn’t give a sharp transition between lenses.

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

The quality of image produced by field sequential 3D is rather low.

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

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

The whole illumination system is uneven.

Gratings alter the angle of incident rays by reflection.

0. In spite of the latest graphics engines and high resolution LED’s the displays won’t deliver good
quality 3D images.

PwnpE

RO ~NoU



43
I11. Translate the following sentences into English.*?

Cxema uieabHOT0 KeMOpUKCKOTo muctuies: coaepkut JKK/I, TuH3y U psii HICTOYHUKOB CBETA.
McTOYHMKH CBETa MOMEIIAIOTCS cpa3y 3a (POKAIbHOM MI0CKOCTHIO JTMH3HI.

3puTenu BUIAT H300paKESHUS TI0JIOC.

OO6mnacThb, B KOTOPO#A CO3/1aeTCs 3TO H300paKeHKe, Ha3biBaeTcs ‘eye box’.

OTH MOJIOCHI OCBEIIAIOTCS 110 OYEPEIIH.

P€3yJIBTaT HeﬁCTBHSI JJUH3bI COCTOHUT B TOM, 4YTO Ka)KZ[BIﬁ 13 BUIOB 00BEKTa MOKHO YBUACTH
TOJILKO M3 ONPEICICHHOM 001aCTH MPOCTPAHCTBA MEPE]] TUCTLICEM.

U wdPE

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. Multi-view autostereoscopic displays work by displaying multiple
different images to multiple zones in space. Figure 4.4 illustrates the theory behind multi-view
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 moves his or her
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, or view, 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
head — albeit with jumps as an eye moves from window to window. Thus both stereo and
horizontal movement parallax cues can be provided with a small number 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 multi-view

autostereoscopic displays.
@
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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

13 The text was translated from preprint of the original paper of N.A. Dodgson, J.R. Moore, S.R. Lang, G. Martin, P.
Canepa, “A time sequential multi-projector autostereoscopic display” [5].

' The text was adopted from preprint of the original paper of N.A. Dodgson et al. “4 time sequential multi-projector
autostereoscopic display” [5] (Permission for Reprint, courtesy Society for Information Display).
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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 head is moved: movement parallax. (c) 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 Display)

Vocabulary Notes:

multi-view display — nucruieii, 0TOOpaXkaromuii MHOKECTBO BHIOB (00OBEKTA, CIICHBI)
autostereoscopic display — aBTrocTepeoCKONMUECKUI TUCTIICH

lack — ne xBararp; HemOCTABATE

albeit — xots u

stereo parallax — OMHOKYISPHBIN TapaIaKc

movement parallax — mapanakc qBHKEHUS

V. Read the text and render it in Russian.*®

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 Travis’ concept are of this type. The advantage of time sequential over the other technologies is
that all views are displayed on the same image display, so there can be no misalignment between
multiple image sources (as in multi-projector devices) nor between pixels and a lenticular array or
parallax barrier (as 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 multi-projector 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 the view direction modulating optics.

Vocabulary Notes:

appropriate — moaxoasIIuMi; COOTBETCTBYIOIIMIT (t0, fOr)

misalignment — HeTOUYHOE COBMEIIICHHE; HECOBIAICHUE

multi-projector display — MHOTOIPOEKTOPHBIN TUCIIICH (MYIbTUIIPOCKTOPHBIH)

lenticular array — 1MH30BBII pacTp; IMH30BBIH YKpaH

parallax barrier ~ mapamrakc-6apbep

spatially multiplexed display — aucruieli ¢ mpocTpaHCTBEHHBIM pa3/ieiieHueM (H300pasKeHHI)
sustain — NOAACPKUBATh, oOecrieunBaTh

feasible — BIOTHUMBII; OCYIIIECTBUMBIN

refresh rate — ckopocTh 0OHOBIIEHHS (YaCTOTa OOHOBIICHHS)

view direction modulating optics — ontuka, U3MeHsOIIAs HAITpaBlIeHHE HAOTIOACHUS

V1. Read the text and state the main ideas in 3-4 sentences in English.®

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 text was adopted from preprint of the original paper of N.A. Dodgson et al. “4 time sequential multi-projector
autostereoscopic display ’[5] (Permission for Reprint, courtesy Society for Information Display).
'® The text was adopted from preprint of the original paper of N.A. Dodgson et al. “4 time sequential multi-projector
autostereoscopic display ’[5] (Permission for Reprint, courtesy Society for Information Display).
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light sources are placed just beyond the focal plane of the Fresnel lens so that an image of the light
bars is projected into the user’s view space; this image of the light bars is termed the eye box. Each
light bar is illuminated in turn and, in synchronisation with this, successive laterally adjacent views
of an object 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 three-dimensional 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 distances.

{I

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 Display)

Vocabulary Notes:

Fresnel lens — nmunza ®penens

abut — npuMBIKaTh; TPAaHUYIHUTH

bar shaped light source — uctounuk cBera B hopme HOJTOCHI

laterally — cOoky; BOOK
adjacent — cMEKHBI; COCEAHUM

VI1. Render the main text in English.

VI1II. Write an annotationon the text.

IX. Topics for discussion.
1. Advantages and disadvantages of the field sequential 3D display 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 mirrors’ 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? Why? How should mirror’s reflectivity vary along the stack in order to
have LCD illuminated uniformly? Why?
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UNIT 5
SPATIALLY MULTIPLEXED 3D DISPLAY

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

Target ['ta:git], exit ['eks1t], alternate v ['a:ltonert] — alternate adj [>:I'ts:nit], lenticular
[len'tikjula], variety [va'raiati], niche [n1tf] / [ni:f], sequential [s1'kwen[al], advent ['eedvent],
exaggerate [1g9'zaed3arert].

I1. Try to guess the meaning of the words in bold.

capable of adj (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.

steer v direct the course of: The positions of the exit pupils are steered to the viewers’ eyes by the
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, etc)./ Left and right 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 aberration and coloration
effects associated with other methods.

conjunction n formal in conjunction with together with; a combination of two or more things:
This is achieved using arrays of coaxial lenses in conjunction with high-density white LED array
sources./ in 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 communications 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.

achieve v complete, get (sth) done; gain or reach by effect (success/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 an objection, 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.

exaggerate v make sth seem larger, better, 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) (allow to) 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.

I11. Skim the text quite quickly to get a general understanding 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 sources for?

NS

SPATIALLY MULTIPLEXED 3D DISPLAY?Y

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 required to 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 viewers’ eyes by the use of
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 alternate pixel 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 high-density 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 these requirements. In particular it is
desirable to present stereo images to several mobile viewers who will occupy a typical ‘living room’
sized region. A system that would meet these requirements would be more complex than other
systems intended for single, often 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 left or right image is seen at the
eye of each viewer. These exit pupils follow the viewer’s eyes 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 similar manner 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 source and a large lens. The vertical light
source produces a real image in the viewing field, resulting in a diamond-shaped exit pupil region. It
follows that two adjacent exit pupils could be formed with two adjacent illumination sources.
Interposing a transmissive 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 obviously seen in each 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 easily 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

1" The text was adopted for language learning purposes from preprint of the original paper of P. Surman, I. Sexton, R.
Bates, W.K. Lee, K.C. Yow “Multi-user 3D display employing coaxial optics” [6].
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a semi-silvered mirror. This method was employed by Sharp some years ago. This configuration
enables full LCD resolution, but has the disadvantage that the display is necessarily large in relation
to the screen size.

With the advent of high-resolution LCDs, it is possible to present two full resolution TV quality
images simultaneously 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 . Lenticular
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Figure 5.2. Spatial multiplexing [6].

LCD, lens and
vertical diffuser Exit
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Figure 5.3. Vertical scattering [6].

By using spatial multiplexing, light from individual light sources must be manipulated
independently for the left and right images before 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 right source 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 used in the DMU 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 small separation 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 multiplexing 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 adjacent 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 expanded by 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 light shaping diffuser.

Vocabulary Notes:

autostereoscopic display — aBrocTepeocKOnMUECKHU TUCTLICH

exit pupils — BeIxoiHBIE 3pauky (B JaHHOM KOHTEKCTE MOYKHO MEPEBECTU KaK «30HbI HAOIIOICHUS
WU «30HBI N30UPATEIbHOTO BUICHHSD)

head tracking — ciexxenue 3a MoI0KEHHEM TOJIOBBI

steerable optical configuration — ynpasisiemast onTu4eckasi KOHGHUTyparus

alternate pixel rows — yepeayromnecs CTpOKH MUKCEIOB

UXGA — (Ultra Extended Graphics Array — «yabTpapaciipeHHbIil MACCHB TPadUKI»)
OJIMH M3 CTAaHIaPTOB KOMIIBIOTEPHOH rpaduKu

spatial image multiplexing — mpocTpaHcTBEHHOE pa3jielieHne n300paKeHuit

lenticular sheet — muH30BBII pacTp

steering optics — oTkIOHsOMIAst (YIPABIISIONIAs) OIITHKA

coloration effects — addexThI okpanmBaHus

white LED array sources — uCTOYHHKH B BUI€ MAaTPHIL OCIIBIX CBETOANOIOB

broadcast television — BemarensHOE TEIEBUIEHNE

head position tracker — yerpoiicTBo, ciensiee 3a MOJ0KESHUEM TOJIOBBI

anaglyph (red/green) glasses — anarnugubie (KpacHO-3eJIeHbIC) OUKH

polarized glasses — monsipu3anmoHHbIC OYKH

diamond-shaped exit pupil region — (B JaHHOM KOHTEKCTE) 30Ha HAOOACHHUS, HUMEIOIIas GopMy
anmmasa

stereo pair of images — crepeomnapa nu300paKeHHit

temporal multiplexing — BpemeHHoe pa3neneHue (M300pakeHui )

semi-silvered mirror — mosynpo3pavyHoe 3epKajo ¢ cepeOpSIHBIM MTOKPBITHEM

TV quality images — n3o0paxeHus TeICeBU3HOHHOTO KauecTBa

spatial multiplexing — mpoctpancTBeHHOE YepeoBaHue (B MPOCTPAHCTBE)

parallax barrier — mapamrakc-6apbep

mask with horizontal apertures — macka ¢ rOpU30HTAILHBIMH HIEISIMA

LCD pixel vertical pitch — mepuon nukcensHo# cTpykTypsl XKK/I o BepTukamu
considerable height in relation to their spacing — BeicoTa, 3HaYHTEIbHAS 110 OTHOIICHHIO
K X UHTEPBaIY

arrangement — KOHCTPYKIHs; KOHPUTYpaLust

Active Vocabulary:
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Steer — ynpaBiiATh; OTKJIIOHATH

meet (satisfy) requirements — yoBieTBOpsSITh TpeOOBAHUSAM
array — MaTpuIa; perieTka; MeprHonIecKas CTpyKTypa
coaxial — koakcuaIbHBIN; HUMEIOIIUI 0OIIYI0 0Ch

mobile viewers — noBIKHbIC 3pUTEITH

adjacent — cMEKHBII; COCEAHUI

to interpose (between) — BcraBIsATh; MOMeIIaTh (MEXKIy YEM-II.)
currently available — noctymnHslit B HacTosIee Bpemst
advent — nosiBieHue

as opposed to — B oTMune OT

exaggerate — npeyBenInBaTh

result in — mpuBoTUTH K

scatter — pacceuBatb

backlight — moacseTka

pitch — mar; mepuos

transmissive — mpornyckaromuii (IKpaH)

light spilling — magenue csera

light diffuser — pacceuBarens cBera

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

What has De Moutfort University developed?
How does this display operate?

What does the DMU display require?

What can you say about spatial multiplexing?

WP

VOCABULARY EXERCISES
I. State the part of speech of the following words pointing out the word-building elements.
Give their Russian equivalents.
Depend — dependent — independent — dependently — independently — dependence — independence;

horizon — horizontless — horizontal — horizontally — horizontality — horizontalize; effect — effecter —
effectible — effective — effectiveness — effectless; intend — intendment.

I1. Make nouns and adjectives from each of the verbs in the table.

Verb Noun Adjective

develop

apply

produce

generate

achieve

I11. Use the correct form of the word in capitals at the end of each sentence to fill the gap.
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10. Such wide angles will cause off-axis problems for an array ..... cylindrical lenses. COMPRISE

11. The aperture blocks extreme rays that would be subject to a large degree of ..... aberration.
SPHERE

12. Light is contained between the upper and lower surfaces by total internal ..... . REFLECT

13. These simple structures ..... the basic building blocks of the steering optics. FORM

14. De Moutfort University has ..... an autostereoscopic display. DEVELOP

15. It operates by ..... regions in the viewing field. PRODUCE

16. 3D displays have been used in a variety of niche ..... . APPLY

17. By adding illumination sources, corresponding exit pupils may be ..... . GENERATE

1VV. Combine the words in bold with those in brackets. Translate the combinations into
Russian.

to apply (~ for aid, football tickets, instructions, 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 mind, working 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, number, distance, 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
target n place from which something comes or is got
apply v defeat; be too strong for; make weak
source n make or become larger
overcome v coming or arrival of an important development
expand v happening or done at the same time
shape n make something seem larger, better, worse, etc. than it really is
advent n something useful, helpful; benefit; profit
simultaneous adj put with operation; make practice use of
something to be aimed at; objective, total which it is desired to
exaggerate v
reach
advantage n outer form

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

1. An autostereoscopic display is ..... specifically at television applications. 2. The spatial
multiplexing screen ideally requires the illumination ..... to have a restricted height. 3. To ..... this,
the height of the exit pupil is expanded. 4. This enables all the light to be captured and also has
the ..... that the light sources require only a small separation in the vertical direction. 5. If you
always ..., people will no longer believe you. 6. With the ..... of high-resolution LCDs it is possible
to present two full resolution TV quality images. 7. Without high-resolution LCDs, it was
impossible to present these images ..... on one panel. 8. Metals ..... when they are heated. 9. There
were clouds of different ..... . 10. We intend to ..... economic sanctions.
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VII. Arrange the words given in a. and in b. in pairs of synonymes.

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

VI11. 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, restrict, independent, rest, disadvantage, subtract, separate.

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

Pa3pa6aTI>IBaTI>, MNPUMCHCHUC, HOCHUTH CICHHUAJIBHBIC OYKH, CBO6OI[HO JABHUIaTbCsa I10, CO34aThb
HCCKOJIbKO IIap, BMECTC C, KAYCCTBO CUCTCM, YAOBJICTBOPATH Tpe6OBaHI/IIO.

X. Give the Russian equivalents for the following.

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

PRACTICE

I. Translate the following noun groups into Russian.

television applications
arcade game applications
head position tracker
illumination source

TV quality images

point source

light spilling

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

off-axis problems

I1. Translate the following sentences into English.
1. Jucrueit, mpUHIUIIBEI KOTOPOTO 3/1€CHh OMHMCAHBI, IIO3BOJISET PEIIUTh ATy CIOKHYIO TPOOIeMy.

2. B mpemyiaraeMom pemieHuH UCTIONb3YIOTCS JOCTYITHBIC HA CETOIHS TEXHOJIOTHH.
3. OmmcaHHBII METOJ HajaraeT MHUHHUMAJIbHBIC OTPAHMYEHUS Ha KOJIUYECTBO OTOOpakaeMoit
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nH(popMaIuu.

KaxioMy 3puUTeITio MpeIbsBISIOTCS JIBa INIOCKUX H300pasKeHHS.

Jlpyrum npenMyniecTBOM HAIEro JAUCIUICS SIBJISICTCS TO, YTO €ro KiroueBbie TexHonoruu, LCD

u LED, ObicTpo pa3BuBaroTCs.

6. Co3maHHBI TPOTOTHII TIO3BOJMI IMPOJACMOHCTPHPOBATH IMPABWILHOCTh HAIIETO TOJXO0/a K
MMOCTPOCHHUIO MHOTOIOJIb30BaTeNbCKOT0 (multi-viewer) 3D mucrutes.

7. B co3maHHOM TIPOTOTHIIE HCIOJB3YETCS CIICKECHUE 3a T[IOJIOKEHHEM 3pUTENiel U
MIPOCTPAHCTBEHHOE pa3JielieHUue U300pakeHU.

SRR

I11. Read the text™ and be ready to answer the following question: Why is simple 3D display
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
used to 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 serves one viewer, 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 multi-viewer applications for two reasons.
Firstly, it is not practicable to have many independent light sources physically moving behind the
LCD in both x and z-directions as this would create severely challenging mechanical problems.
Secondly, this configuration suffers from off-axis lens aberrations.

-

=

Illumination
sources

Multiplexing screen,
LCD, lens and vertical
diffuser

B o e

Moveable
Exit pupils

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

move laterally — nBuratbcst BOOK

MIT (Massachusetts Institute of Technology) — MaccauyceTckuii TEXHOIOTHIECKHI HHCTUTYT
inappropriate — HeyMeCTHBIN; HECOOTBETCTBYIOIIHI

physically moving light sources — ¢pusudecku nepemeniaromnuecss HICTOYHUKH CBETa

off-axis lens aberrations — BHe-oceBbIe TUH30BbIC abeppaIu

18 The text was adopted for language learning purposes from preprint of the original paper of P. Surman, I. Sexton, R.
Bates, WK. Lee, K.C. Yow “Multi-user 3D display employing coaxial optics” [6].
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IV. Read the text and state the main ideas in 2-3 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
image of the single illumination source. A viewer’s eye located in the shaded region is illuminated
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 this case, the exit 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 to follow the eye. In addition, if the viewer moves toward or
away from the screen in the z-direction then the separation between the light sources can be altered
to allow for this.

Illumination sources

Tllumination
source

pupil
(a) Single lens (b) Array

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

continuously converging rays — moCTereHHO CXOSIIUECS TyIH
lens array — nuH30BBII pacTp

V. Read the text and render it in Russian.?

The lens array shown in Fig. 5.5 (b) could possibly consist of a series of cylindrical lenses with
narrow vertical light sources. For 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 off-axis problems for an array comprising cylindrical lenses.

For off-axis aberrations to be eliminated, the illumination and refracting surfaces must be
cylindrical, and also have a common axis — hence the term coaxial optics. It follows that if exit
pupils are to be formed over the very large area required by television, an array of coaxial optical
elements may 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 was adopted for language learning purposes from preprint of the original paper of P. Surman, I. Sexton, R.
Bates, W.K. Lee, K.C. Yow “Multi-user 3D display employing coaxial optics” [6].
% The text was adopted for language learning purposes from preprint of the original paper of P. Surman, I. Sexton, R.
Bates, W.K. Lee, K.C. Yow “Multi-user 3D display employing coaxial optics” [6].
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are equidistant from the 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

Figure 5.6. Operation of coaxial optical elements [6].
Vocabulary Notes:
series of cylindrical lenses — psin nunIMHAPHYESCKUX JTHH3
off-axis problems — npo6embl, CBS3aHHBIE C OTKIIOHEHHEM OT OCH

equidistant — paBHOy1aICHHBII
aperture blocks extreme rays — aneprypa GJIOKHpYET KpaiHUe Ty4n

V1. Render the main text in English.

VII. Write an annotation on the text.

VI11. Topics for discussion.

1. 3D television requirements.

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

2. Temporal multiplexing, spatial multiplexing.

Try to define terms ‘temporal multiplexing’ and ‘spatial multiplexing’ using the main text. What is

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

I. Read the following words paying attention to pronunciation.

Acquisition [aekwr'zifn], align [3'lain], application [®pli'ke1fn], axis [‘aeks1s], capability
[keipa'biliti], coherent [kau'hiarant], conjugate ['kbndsugert], conventional [kon'venfanl],
convolution [konva'luifn], dimensional [di'men/nl], hologram ['hplagraem], impulse ['1mpals],
inherent [1n'h1arant], neglect [nig'lekt] — negligible ['neglidzabl], observation [pbz3:'veifn],
recognition [rekag'nifn], record n ['reka:d] — record v [r1'ko:d], reference ['refrans], spatial
['speifl], superpose [sjurpa‘pavz], technique [tek'ni:k], utilize [‘jurtilaiz], variety [vea'rarati],
visual ['vizual].

I1. Try to guess the meaning of the words in bold.

application n practical use: the application of this theory to actual economic practice/ A micro
computer has a wide range of applications for business./ What are the practical applications of this
work?/ The program is designed for general application.

capability n the natural ability, skill, or power that makes you able to do something: a child’s
language capability/ A willingness and a capability to change are necessary to meet the market’s
needs./ the proven capability of this technology/ beyond the scope of human capability/ She has the
capability to become a very fine actress./ The government wants to increase its military capability.
challenging adj difficult in an interesting or enjoyable way: Teaching is a challenging and
rewarding job./ a challenging problem/'We have changed the course to make it more challenging./
The tasks were not challenging enough for me and | got bored.

compose v be composed of to be formed from a group of substances or parts: Water is composed of
hydrogen and oxygen./ The committee was composed entirely of specialists./ 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 needs/ The
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 need a good working definition of ‘pollution’.

device n a piece of equipment intended for a particular purpose, for example, for recording or
measuring sth: a useful device for detecting electrical activity/ modern labor-saving devices/ All
new cars are now fitted with these safety devices./ The device consists of a large wheel mounted on
a metal post./ a tiny device designed to trace telephone calls.

eliminate v to completely get rid of sth that is unnecessary or unwanted: Under the agreement, all
trade barriers will be eliminated./ Police have eliminated Morris from their enquiries./ The
procedure does not completely eliminate the possibility of an accident./ Try to eliminate fatty foods
from your diet.

endow v formal to give someone sth: give money to pay for creating, or for providing an income
for, a college, hospital, etc: The state of Michigan has endowed three institutes to do research for
industry. Nature endowed her with a beautiful singing voice. The family pet is endowed with
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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 detailed observation of a group of 20 patients/ a result of scientific observation/
She's in hospital under observation./ The survey was based on direct observation of over 500
schools.

propagate v formal to spread an idea, belief, etc to many people: The group started a magazine to
propagate its ideas./ Such lies are propagated in the media./ Electromagnetic waves propagate at the
speed of light in a vacuum./ In solids, sound waves can propagate in four principle modes that are
based on the way the particles oscillate./ The article focuses on experimental and theoretical
advances in antennas including design and development, and in the propagation of electromagnetic
waves including scattering, diffraction and interaction with continuous media.

recognition n the act of knowing someone or sth because you have 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 by computer/ He appeared at the Montreux [mon tr3:] 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 size, amount, or range of sth: The 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 were seen as a restriction on personal freedom.

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 presents a critical 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 robust of deckchairs/ The 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 the storage 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 long been utilized as a bonding and
covering material.

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

whole adj all of something; entire: The whole school meets together once a week./ The whole thing
just makes me sick./ The project involved the whole of the university.

I11. Skim the text quite quickly to get a general understanding and answer the questions
given. Consult the vocabulary after the text.

What is the article about?

What do you know about the subject?

Where can 3-D pattern recognition be applied?

What are some of the challenges of recognizing a 3-D object?

What does the technique discussed in the article use to recognize a 3-D object?

oD
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HOLOGRAPHY AND 3D OBJECT RECOGNITION?

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

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

In this chapter, we discuss a 3-D pattern recognition technique in which, we record the
holograms of objects as a form of electric signal and achieving 3-D pattern recognition by digital
processing of the holograms. In the technique, we don’t need to record a series of 2-D images for
representation of a 3-D object because we utilize the holographic information of the object. The
depth information of the object can also be extracted directly from the hologram.

The diffracted light from an object contains whole 3-D information 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 field. In this section, we review the characteristic of the diffracted light. After that, we
present an on-axis hologram that records the phase-information of the diffracted light as a form of
intensity signal. This makes it possible that the on-axis hologram contains whole 3-D information 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 the free-space is linear and space
invariant for the field distribution of light, the diffracted pattern on the observation 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:

o(x,y)= Io(x, y,2) ® h(x,y,z)dz
6.1)

where o (X, Yy, z) is the spatial distribution of the object, A is the wavelength of the illuminating light
and

h(x,y,z)= j%exp{— J%(Xzﬂ’z)}

IS the free space impulse response function. When a point object is located at (0, 0, z) in the fig.
(6.1) the diffracted light distribution on the observation plane is the free space impulse response
function. The symbol & represents the convolution operation that is defined as

6,(x )@ g,(x.y)= [ 6:(x, y)x g, (x = x,y — y')cdy”

2! The text was adopted for language learning purposes from preprint of the original paper of 7. Kim “Optical three-
dimensional image recognition using holographic information” [7].
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The diffracted light, (p(x, y) from the object is called object wave. In Eq. (6.1), 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, the phase of the free
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 distribution of complex numbers in general,
ie.

o(x, y)=|p(x, y)exp (< p(x, y))

and its phase < go(X, y) contains the information of the object’s depth distribution. However
optical detection system like a film or a CCD responds only to the intensity of light. Thus, we lose
the phase information of the object wave < (p(x, y) when we detect the spatial distribution-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 wave, we superpose 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 superposed light on the observation plane is given by:

P(x,y)=1+o(x,Yy) (6.2)

where 1 represents the plane wave on the observation plane.

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

HE (6 y) =20 y) =L+ o(x, )

=1+[p(x,yf + " (x )+ o(xy)

=1+[p(x,y) +2Refp(x, y)}

=1+]p(x, ) + 2p(x y)|cos(< (x,y)) (6.3)

where q)*(x, y) represents the complex conjugate of q)(x, y). Note that the phase information of

the diffracted light < go(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+‘(p(x, yX) the second term is the complex conjugate of the object wave (o*(x, y) and the

third term is the object wave itself ¢(X, y). The object wave contains the information of the whole

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

Since the propagation axes of the reference wave and the object wave is aligned, this kind of
holographic recording is called an “on-axis hologram™.

In a hologram, the space between fringes is determined by depth information of an object. Thus,
the information of the object’s depth distribution is encoded as a form of the fringe pattern in the
hologram. This makes it possible that one matches whole 3-D aspects of objects just by 2-D
matching between the holograms of the objects.
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Observation plane
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Figure 6.1. llluminating an object with coherent light [7].
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Figure 6.2. On-axis hologram of an object [7].
Vocabulary Notes:

3-D data acquisition and processing — c6op u 06paboTKa TpeXMEPHBIX MaCCHBOB JAHHBIX

CCD (Charge Coupled Device) — npu6op ¢ 3apsimoBoii cesizbio (I13C)

challenging — TpynubIi

field distribution of light — pacripenenenue ocBerenus

free space impulse response function — ¢pyHKIMS UMITYIBCHOTO OTKJIMKA CBOOOJHOTO MPOCTPAHCTBA
(MMITYJIbCHBIN OTKIIMK CBOOOTHOTO MMPOCTPAHCTBA)

intensity term — cnaraemoe, CBsI3aHHOE C UHTCHCUBHOCTBIO

imaging — Bu3yanu3aius

optical detection system — (B maHHOM ciTydac) CHCTEMa PETUCTPAIU ONTHYECKOTO M3ITyUCHHUS
optical remote sensing — onTHYecKoe AUCTAHIIHOHHOE 30HAMPOBAHHIE

phase information of the object wave — uadopmarus, cogepskarascs B Gpase mpeaIMeTHON BOTHBI
space varying positive term — moJ0XKHTEIBHOE ClaracMoe, 3aBHCSIIEE OT MPOCTPAHCTBEHHBIX
KOOp/IMHAT



Active Vocabulary:

recognize — y3HaBarthb; pacrio3HaBaTh
pattern - crpykrypa

negligible small — mpeneOpexxumMo mablii
align — coBmemarh

i.e. (id est) — To ectp

compared to — 1o cpaBHEHHIO C

display — moka3biBathb

distribution — pacnipenenenue

endow — cHaGkarTh; 00eCIIeYnBaTh
extract — u3BiekaTh; oJsy4aThb
representation — Bocripou3BeicHUE
respond — oTBeuaTk; pearupoBaTh

review — nenath 0030p; pacCMaTPHBATh
robust — kpenkwuii; ycTOH4YuBBbIiA (K COOsIM)
series — psiz; cepust

spatial — mpocTpaHCTBEHHBIIH

technique — merox; coco6

utilize — ucnonb3oBaTh

variety — pasHooOpasue

process information — o6pabaTsiBaTh HHGOPMALIUIO
complex conjugate — KOMIUIEKCHO COTPSDKEHHOE

convolution — ceeptka
diffracted light — mudparupoBanHsbIii cBEeT

diffracted pattern — qudpakinontas KkapTuHa

object wave — mpeaMeTHas BoJHA
reference wave — onopHasi BoJiHa
on-axis hologram — oceBast ronorpamma

SUPEIPOSE — OCYMIECTBIATh CYNEpNO3MIINIO; COBMECIATh;, HAKJIaAbIBATh

wavelength — nmuna BoaHBI

interference fringes — uaTepepeHINOHHBIE MOJIOCH

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

1 Why should pattern recognition be three-dimensional?

62

2. What kind of object wave information should we detect to have the whole 3-D information of the

object?

3. Why do we usually lose phase information of the object wave using conventional optical

detection system?

4..-Why do we need an additional wave called ‘reference wave’ to detect the phase information of

the object wave?

o

VOCABULARY EXERCISES

What type of wave was used in the main text as a reference wave?
6. Why is the hologram described called ‘on-axis hologram’?
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State the part of speech of the following words pointing out the word-building

elements. Give their Russian equivalents.

Capability — capable; dimension — dimensional; to acquire — acquisition; to apply — application —
applicable — applied; to challenge — challenging; to compose — composition; to detect — detection —
detector — detectable; to eliminate — elimination; to extract — extraction; to inhere — inherence —
inherent — inherently; to locate — location; to observe — observation — observer; to propagate —
propagation; to represent — representation — representative; to superpose — superposition; to utilize —
utilization — utilizable.

I1. Make nouns and adjectives from each of the verbs in the table.

Verb Noun Adjective

apply

define

detect

distribute

observe

recognize

represent

restrict

utilize

vary

inhere

I11. Use the correct form of the word in capitals at the end of each sentence to fill the gap.

1. Computerized voice ..... systems respond to people's voices. RECOGNIZE

2. With the new machines we finally have the ..... to do the job properly. CAPABLE

3. The company, which has been exploring ..... means of expansion, has decided to open 10 more
restaurants. VARIETY

4. This part of the law is only .... to companies employing more than five people. APPLY

5. He devotes his time to the ..... of knowledge. ACQUIRE

6. Luminous ..... iS. @ measure of the light-emitting ability of a light source, either generally or in a
particular direction. INTENSE

7. Priority must be given to sensible ..... of the world's resources. UTILIZE

8. Scientists study the ..... of the soil. COMPOSE

9. The conference was attended by 200 delegates and also by ..... from another 30 countries.
OBSERVE

10. There's a ..... smell of gas - did you turn the oven off? DEFINE

11. Inthe ..... stage the reference wave illuminates the hologram. RECONSTRUCT

12. We found the answer by a process of ..... . ELIMINATE

13. The article focuses on experimental and theoretical advances in antennas including design and
development, and in the ..... of electromagnetic waves including scattering, diffraction and
interaction with continuous media. PROPAGATE

14. Nuclear power is ..... dangerous and wasteful. INHERE
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IV. Combine the words in bold with those in brackets. Translate the combinations into
Russian.

recognition (immediate ~, automatic, instant, early; character, face, handwriting, speech, text
(computing), computer)

capability (enormous ~, limited, potential, human, intellectual, mental, technical, technological,
manufacturing, research, computing, design, graphics, multimedia, processing, sound, video,
military, nuclear)

applicable (be ~, prove, seem, become, make sth)

application (practical ~, general, wide, agricultural, industrial, possible, technical)

technique (recognition ~, effective, powerful, useful, basic, simple, conventional, established,
standard, traditional, advanced, modern, sophisticated, ingenious, alternative, experimental;
communication ~, evaluation, examination)
to record (~ hologram, distribution, names, events, conversation, sound, CDs)

device (~ physical, clever, ingenious, labor-saving, useful, complex, sophisticated, simple, hi-tech,
hand-held, automatic, electrical, electronic, mechanical, measuring)
to define (~ accurately, carefully, correctly, exactly, clearly, fully; ~ needs, duties, problems, targets,
size)

pattern (intensity ~, geometric, existing, familiar, set, traditional, behavior)

distribution (depth ~, light; spatial ~, fair, equal, uniform, optimal, general, wide, local, global,
geographical, population, social)

observation (careful ~, close, detailed, direct, systematic, casual, scientific, clinical)

spatial (~ world, pattern, architecture, distribution, dispersion, movement)

robust (~ visual capabilities, people, voice, performance, energy, technique, economic growth,
piece if equipment)

remote (~ town, area, parts, cameras, control, family connections, ancestor, chance, possibility)
extract (~ nectar, DNA, water, oil, information, benefit, confession, data, promise, tooth)

display (~ information on screens, train times, work, data, results, paintings, the latest fashions,
interest, emotion, enthusiasm, skills, talent)

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

A B

alignv show information; show signs of sth

neglect v examine, consider and judge a situation or
process carefully

utilize v formal a special skill or way of doing something, especially
one that has to be learned

display v in the form of a straight line; going from one thing
to another in a single series of stages

conventional adj use sth effectively

detect v carefully remove a substance from another

substance which contains it, using a machine,
chemical process etc

distribute v watch carefully the way sth happens or
someone does sth
technique n used or available for a long time and considered the

usual type




65

extract v relating to space and the position, size, shape of things
in it

observe v spread, scatter or supply sth over an area

review v notice sth that is partly hidden or not clear, or discover
esp. using a special method

linear adj not give enough attention to sh/sth

spatial adj put two or more things into a straight line

V1. Fill in the gaps in the sentences below using words from column A of Exercise V in the
correct form.

1. The role of scientists is to ..... and describe the world, not to try to control it. 2. Objects in the
scene are recorded by a ..... digital camera without wave interference. 3. The oil which is ..... from
olives is used for cooking. 4. In this chapter we ..... recently proposed method of holographic
computer-aided imaging. 5. Some sounds cannot be ..... by the human ear. 6. This is only true in
deep space when the gravitational force can be ..... . 7. Overhead the beautiful stars flickered and .....
themselves into patterns. 8. Worms commonly ..... network services to propagate to other host
systems. 9. Each panel ..... sound evenly in all directions. 10. A surprising ..... to concentrate,
manipulate and separate a wide class of swimming bacteria has been identified by scientists. 11. In
general, scan data processing within 2MAPPS (Production Processing System) is a ..... process
with the output of each step being the input for each subsequent step. 12. This article will show you
how to ..... tabular data in a non-conventional manner..13. As pioneers in ..... image technology,
the company creates custom applications that break the boundaries of conventional 2D imaging to
bring new dimensionality and interactivity to the fields of medicine, engineering, advertising, and
entertainment.

VI1. Arrange the words given in a. and in b. in pairs of synonyms.

a. Challenging, conventional, capability, robust, distribution, pattern, application, inherent, extract,
device, technique, acquire, detect, observe, recognize, review, respond, eliminate, neglect,
negligible, remote.

b. Use, ability, ignore, typical of, method, appliance, obtain, watch, strong, answer, complicated,
examine, remove, common, draw out, model, insignificant, spread, identify, find, distant.

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

a. Eliminate, neglect, negligible, remote, challenging, restricted, display, acquire, capability,
whole.
b. Close, unlimited, accept, partial, significant, easy, incompetence, regard, lose, conceal.

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

Pacrio3naBanme TpexMepHBIX OOpa3oB, CIOXKHAas MpoOiemMa, HaIeNsITh, MPOCTPAHCTBEHHBIN,
o0paboTka JTaHHBIX, JHUCTAaHITMOHHBIM, OTPaHUYCHHBIMH, HCII0Ib30BaTh, HU3BIICKATh,
MIPOCTPAHCTBEHHOE paclpeie]IeHUue, COCTOSITh U3, HHTEHCUBHOCTh KOMIUIEKCHOTO TOJIsA, TIOCKOCTh
HaOIOJICHUs, JIMHCWHBINA, OTBEUYaTh Ha, IUIOCKAas BOJIHA, OOBEKTHAs BOJHA, OIMOpPHAs BOJHA,
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KOMIUIEKCHO COTPSKEHHOE, 10 CPABHEHUIO C, TPEHEOPEKUMO MaJIblid, yCTPaHATh, HE IPUHUMATH BO
BHHUMaHUE.

X. Give the Russian equivalents for the following.

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

PRACTICE

I. Translate the following sentences into Russian defining if forms ending in -ed are verb
forms or participles.

1. Holographic technology supplies high-quality images and accurate depth cues viewed by human
eyes without any special observation devices.

2. The reconstructed wave front from a holographic stereogram is composed of a set of discrete
patches.

3. Because of the discontinuity between those patches, the imitation of the observed reality cannot
be complete.

4. The objects to be constructed by the CGH can be represented in the computer by mathematical
or graphical descriptions.

5. Complex numbers are composed of their amplitude and phase.

6. In the early days of the CGH, Waters designed a CGH based on the assumption that any object
is constructed from many independent light scatterers.

7. The superposition of all these complex amplitudes yields the desired complex amplitude

distribution on the hologram plane.

In this chapter we review recently proposed method of holographic computer-aided imaging.

9. The main feature of this hologram is that its transparency values are identical to a Fourier
hologram recorded by an interference between two laser beams.

10. This hologram is not related to the well-known multiplex or stereoscopic hologram.

11. The true wave front diffracted from he object can be reconstructed from the proposed
hologram.

12. The same algorithm can be employed on a set of angular perspectives of realistic objects
captured by a digital camera from some realistic scene.

13. The depth information of the object can also be extracted from the hologram.

14. The diffracted light is observed on the observation plane.

15. The plane wave superposed with the object wave is called a reference wave.

o

I1. Read the text and reproduce it in Russian in short.?

Figure (6.3) shows the optical system for reconstruction of the object in 3-D space. In the
reconstruction stage, the reference wave illuminates the hologram. Then, the reference light is

22 The text was adopted for language learning purposes from preprint of the original paper of 7. Kim “Optical three-
dimensional image recognition using holographic information” [7].
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spatially modulated by the hologram. This is calculated by multiplication between the hologram and
the reference wave; i.e. H2®(x,y)x1. After that, the modulated light propagates through the 3-D
space. The propagating wave reconstructs the object’s transverse image at each matched depth

locations with some noise. That is calculated by the convolution between the modulated reference
wave and free space impulse response:

RO Y) = (HE(x, y)x 1)@ h(x, ¥, 2, )

, N (6.4)
= el )7 Jo k.. 20) + 0 () @h(x,y,2:)+ (%, y) @ h(x, . 2)

where h(x, y, z, ) is the free space impulse response function at (, y, z, ) in the 3-D space.

Note that the reconstructed image has three terms. First term is the reconstruction of space
varying positive term. Second term is the reconstruction of the complex conjugate of the object
wave. Third term is the reconstruction of the object wave. The second term- contributes the
reconstruction of the object in the 3-D space.

X

Left side

Wi >

bl vz, >
N Viewer

Virtual image Real image

Hologram

Figure 6.3. Reconstruction of the hologram [7].
Vocabulary Notes:

transverse image — n300paxkeHne MONMEPETHOTO CEUCHUS

at each matched depth locations — Bo Bcex COOTBETCTBYIOIIMX MOJOXKEHUSIX O TITyOHHE
real image — neicTBUTEIbHOE H300paKEHUE

virtual image — MHIMOE H300pakeHne

I11. Translate the following text into English.?

lonorpadust vMeer OrpoMHBIM MOTEHIMAN [ NpPUMEHEHUss B 00JacTU paclo3HAaBAHUS
TpexXMepHbIX 00pa3oB. ['olorpamMma CONEPKUT TMONHYIO 3aluch HHPOPMAIMH O TPEXMEPHOM
CTPYKType OOBEKTa B BHJI€ JBYMEpPHON KapTHHBI, U CYIIECTBYET psI TEXHUK, IMO3BOJISIFOIINX
U3BIEYb 3Ty HUHPopManuio B (GopMe DIIEKTPUYECKOr0 CHTHajla. JTO OTKPHIBAET HOBBIC
BO3MOXXHOCTH JJIsi pPAaclio3HaBaHUs TpPEXMEpPHBIX 00pa3oB. lcmosnb3oBaHue rojaorpapuieckon

% The text was translated from preprint of the original paper of 7. Kim “Optical three-dimensional image recognition
using holographic information” [7].
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uHpopmanuu 00 00beKTe AJIs PAaCIIO3HABAHUS U CIEKEHUS B TPEXMEPHOM IIPOCTPAHCTBE UMEET P
npeuMymiecTs. Bo-mepBbiXx, HaM HE HYXHO 3allMCBhIBaTh CEPHUIO JABYMEPHBIX H300paKeHUH, YTOOBI
MPEJICTaBUTh TPEXMEpHbI BUJ 0O0BekTa. Bo-BTOphIX, MHbOpMaius o TiayOMHE MOMKET OBITh
[10JIy4€Ha IIyTeM aHaJIn3a FOJ0TrPAMMBI.

Vocabulary Notes:

3-D pattern recognition — pacro3HaBaHie TPEXMEPHBIX 00pa3oB
3-D aspect of an object — TpexmepHbIit (BHEIIHUIT) BUT 00BEKTa

IV. Read the text and render it in English.?*

Recently, the electro-optical techniques that record the whole diffracted light from an object as a
form of electric signal have been proposed. This recording of the whole diffracted light as spatial
distribution of complex numbers is known as a complex hologram. The first of this kind is the
optical scanning holography.

The optical scanning holography has been proposed by Poon and Korpel and subsequently
formulated by Poon. In the optical scanning holography, the spatial distribution of the whole
diffracted light is recorded as a form of electric signal. The followings represent other techniques
for electronic recording of a complex hologram. Recording on-axis holograms with four different
phase shifts as using a CCD instead of a film permits synthesizing a complex hologram. Using
triangular interferometer, polarization optics and CCD allows the recording of a complex hologram
with an incoherent light. Heterodyne detection and recording two on-axis holograms using CCD
permits the calculation of a complex hologram. Most recently a digital technique that calculates the
complex hologram of a realistic object without the wave interference was proposed.

V. Reproduce the main text.

V1. Write an annotation on the text.

VII. Topics for discussion.
1. Complete registration of the light wave.

Conventional optical detection systems like film or CCD respond only to the intensity of light. Thus
phase information of detected wave is lost. How is this obstacle overcome in holography? Does
holography use non-conventional or conventional optical detection systems? Supply your viewpoint
with arguments.

%4 The text was adopted for language learning purposes from preprint of the original paper of 7. Kim “Optical three-
dimensional image recognition using holographic information” [7].
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UNIT 7
COMPUTER-GENERATED HOLOGRAMS

READING

I. Read the following words paying attention to pronunciation.

Accurate ['aekjurat], amplitude ['‘amplitju:d], angular [‘engjula], array [a're1], assumption
[d'samp[n], authentic [>:'Oentik], coherence [kau'hiarans], cue [kju:], design [d1i'zain],
discontinuity [diskonti'nju:zti], enable [1'ne1bl], interference [1nts' fiarans], naked ['nerkid],
relatively ['relstivli], requirement [r1' kwaramant], retrievable [r1'trizvabl], review [r1'vju:], slight
[slart], source [so:s], synthesize ['sinBisaiz], transparency [traen'spaeransi], transverse
[treenz'v3:s], value ['vaelju:], volumetric [volju'metrik], yield [jizld].

I1. Try to guess the meaning of the words in bold type.

accurate adj an accurate measurement, calculation, record etc has been done in a careful and exact
way and is completely correct: His predictions proved accurate./ The figures he gave were not
strictly accurate./ It’s impossible to predict the weather accurately./ Would it be more accurate to
say that the plan failed?

assumption n sth that you think is true although you have no proof: make an assumption/ mistaken
assumption/ | set the table to eight people, on the assumption that Jo would come./ Your argument
is based on a completely false assumption./ People tend to make assumptions about you based on
your appearance.

authentic adj real, not false or copied; genuine; done or made in the traditional or original way:
authentic Chinese food/ The letter is certainly authentic./ Korg seem to have done the impossible
and produced a totally digital processor with some absolutely authentic guitar sounds./ A single
hologram is capable of creating the most authentic illusion of observing volumetric objects by the
naked eye.

beam n a shining line of light from the sun or a lamp etc: a laser beam/ the beam of the car
headlights/ the beam of a powerful flashlight/ Maggie stumbled across the field with only a narrow
beam of light from her flashlight to help her./ We could see the beams of searchlights scanning in
the sky.

capture v to catch someone in order to make them a prisoner; to express what someone really likes
in a way that people can clearly recognize: Japanese firms have now captured over 50% of the
market./ The film succeeds in capturing the mood of the 1960s./ The whole incident was captured
by a young American photographer.

demand v to ask for sth very firmly, especially sth that someone does not want to give you: There
are just too many things demanding my attention at once./ This experiment demands skill and
energy./ This letter demands an immediate answer.

feature n a part of sth that you notice because it seems important, interesting or typical: common
features/ geographical feature/ distinguishing features/ Window design is also a characteristic
feature of Gothic architecture./ An important feature of Van Gogh’s paintings is their bright colors./
Each room has its own distinctive features.

ordinary adj average, common, or usual, not different or special: It was just an ordinary Saturday
morning./ the needs of ordinary citizens/ an ordinary workday/ Can you get connected to the
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Internet through an ordinary telephone line?/ Gillman is known for her photographs of ordinary
household items.

partial adj not complete: They could provide only a partial solution to the problem./ He can make
only a partial payment./ The exhibition was only a partial success./ From where | was standing, |
had a partial view of the house.

patch n a part of an area that is different or looks different from the parts that surround it: a small
dog, white with brown patches/ patch of dirt/ patch of light/ patch of sky/ Patches of blue sky
peeked through the clouds./ She had sewn colorful patches on her jeans.

discrete adj separate: The reconstructed wave front from a holographic stereogram is composed of
a set of discrete patches. The change happens in a series of discrete steps./ The situation is different
for native speakers of the language who automatically perceive the speech as being chopped up-into
discrete units.

propose Vv to suggest sth as a plan or a course of action: Hansen has proposed that I become his
business partner./ The measures have been proposed as a way of improving standards./ Einstein
proposed his theory of general relativity in 1915.

replace v to start doing sth instead of another person, or being used instead of another thing: These
PCs replace the old system network./ I’ll replace the vase I broke as soon as possible./ Suddenly
John’s relaxed mood was replaced by a feeling of panic.

retrieve v to find something and bring it back: The wreckage of the crashed plane was retrieved
from the ocean./ retrievable/ The depth information is retrievable from continuous parallax and
from focusing on different transverse planes through the volume./ The new version of the software
automatically retrieves digital information.

slight adj not serious or not important; small in size, amount, or degree: a slight increase in
temperature/ There’s been a slight change of the plan./ I didn’t have the slightest idea who that man
was./ A very slight movement can destroy the interference fringes, which contain both intensity and
phase information./ I haven’t given the slightest thought to my holiday plans.

supply v to provide people with something that they need or want, especially regularly over a long
period of time: An informer supplied the police with the names of those involved in the crime./ Any
room where gas is used must be adequately supplied with air./ goods supplied for private use/ a
contract to supply something

I11. Skim the text quite quickly to get a general understanding and answer the questions
given. Consult the vocabulary after the text.

1. What does the article centre around?

2. Why is holography considered to be a more attractive method of displaying 3-D images than
others?

3. What methods of holographic imaging are mentioned in the article?

4. How are the objects constructed by CGHs represented?

5. What does the choice of an algorithm for synthesizing CGHs for 3-D imaging depend on?

COMPUTER-GENERATED HOLOGRAMS?®

Holography seems to be a more attractive method of displaying 3-D images than others because
a single hologram is capable of creating the most authentic illusion of observing volumetric objects
by the naked eye. Holographic technology supplies high-quality images and accurate depth cues
viewed by human eyes without any special observation devices.

% The text was adopted for language learning purposes from preprint of the original paper of J. Rosen, D. Abookasis,
“Holographic three-dimensional computer-aided imaging” [8].
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Since the invention of the hologram more than 50 years ago, holographic recording of real
objects has been performed by wave interference. In general, interference between optical waves
demands relatively intense light with a high degree of coherence between the involved beams. The
optical system must be very stable, since a very slight movement can destroy the interference
fringes, which contain both intensity and phase information. These requirements have prevented
hologram recorders from becoming as widely used for outdoor photography as conventional
cameras.

A possible solution to these limitations is obtained by the techniques of holographic stereograms
(also known as multiplex holograms). However, optical interference is also involved in recording of
holographic stereograms. Besides, unlike ordinary holograms, holographic stereograms do  not
reconstruct the true wave front that is diffracted from an object when this object is coherently
illuminated. The reconstructed wave front from a holographic stereogram is composed of a set of
discrete patches; each patch contains a different perspective projection of the object. Because of the
discontinuity between those patches, the imitation of the observed reality cannot be complete.

A partial solution for these limitations might be using computer-generated holograms (CGHs).
The objects to be constructed by the CGH can be represented in the computer by mathematical or
graphical descriptions, or by their spatial samples. The physical interference between light waves is
replaced by mathematical computation. However, synthesizing CGHs of 3-D images is usually a
heavy computational task. This is because one needs to superpose the mathematical contributions of
many waves originating from many points on the objects, when not all of them are located at the
same distance from the hologram plane.

Many algorithms for synthesizing CGHs for 3-D imaging have been proposed in the past three
decades. The choice among the various algorithms depends on different factors such as computation
time, the hologram applications, and image characteristics. In the early days of the CGH, Waters
designed a CGH based on the assumption that any object is constructed from many independent
light scatterers, each of which is considered as a point source of a parabolic wave front. The
superposition of all these complex amplitudes yields the desired complex amplitude distribution on
the hologram plane. The depth information is retrievable from continuous parallax and from
focusing on different transverse planes through the volume (accommodation effect). The difficulty
of this technique comes from the long computation time necessary to superpose waves coming from
large number of object points.

In this chapter, we review recently proposed method of holographic computer-aided imaging.
Generally in this method,; a hologram is computed from a set of angular projections of the observed
3-D object, recorded by a conventional digital camera. The recorded data are numerically processed
to yield a two-dimensional complex function, which is then encoded as a computer-generated
hologram. When this hologram is illuminated by a plane wave, a 3-D real image of the object is
reconstructed. The main feature of this hologram is that its transparency values are identical to a
Fourier hologram recorded by an interference between two laser beams. It is important to note that
this hologram is not related to the well-known multiplex or stereoscopic holograms. The main
advantage of this technique is that, although objects in the scene are recorded by a conventional
digital camera without wave interference, the process yields a hologram of the observed scene with
a 3-D nature.

Following the presentation of the basic hologram, we describe different configurations of
scanning the scene. The two main examples are, on one hand, a hologram computed from a set of
different viewpoints along a horizontal arc around the observed object?. On the other hand, using
two-dimensional (2-D) array of observation points enables us to capture the scene from horizontal
as well as vertical points of view, and thus such a technique yields a different type of hologram.

Vocabulary Notes:
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holographic three-dimensional computer-aided imaging — co3manue TpexXMEpHBIX TOIOrpahUUECKIX
U300paKCHUIA C TOMOIIBIO KOMITBIOTEPa

accurate depth cues — yeTkue IpuU3HAKK TITyOHHBI

holographic stereograms (multiplex holograms) — rosnorpaduueckue crepeorpammbl (COCTaBHbBIE
rOJIOrPaMMBbI)

outdoor photography — gotorpadus BHe momenicHus

a set of discrete patches — naGop auckperHsIii GparMeHTOB

a different perspective projection — oTiuuaromiasics eHTPaIbHAS MPOCKIINS

computer-generated  hologram (CGH) — romorpamma, co3JaHHasT Ha  KOMIIBIOTEPE
(cuHTE3MpOBaHHAS TOJIOTPAMMA)

focusing on different transverse planes through the volume — ¢okycupoBka Ha pa3IHIHBIX
MOIEPEYHBIX IUIOCKOCTSX Ha MPOTSHKCHUH 00beMa

two-dimensional complex function — nBymepHas koMIuieKcHast GyHKITHSI

Fourier hologram — roiorpamma ®ypbe

two-dimensional (2-D) array of observation point — aBymMepHbIit MaCCHB TOUEK HAOMFOICHUS

Active Vocabulary:

authentic — moaTMHHBIN; TOCTOBEPHBIN
volumetric — o6beMHBIIH

capability — croco6HOCTB

conventional — oObr4HbIH

obtain — monmy4ars

ordinary — oObIYHBII

discontinuity — HEOJHOPOTHOCTh; MIPEPHIBUCTOCTh
yield — mpuBOIUTE; BBIIABATH; TPOU3BOIUTH
partial — yacTruHbIH

retrievable — BoccTanaBnuBaeMbIii

enable — raBaTh BO3MOKHOCTb

requirement — tpeboBaHme

diffract (from) — nudparuposars (Ha)
transparency — nmpo3pa4HocTb

wave front — BostHOBO# (pOHT

wave interference — BoiHoBas nHTEpdEpEHIIUS
interference fringes — naTepdepeHIInOHHBIE TTOIOCHI
hologram plane — mockocTh rosorpaMmmsl

by the naked eye — HeBoOpyKeHHBIM TJ1a30M

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

=

What physical phenomenon is holography based on?

2. Why haven’t hologram recorders become as widely used for outdoor photography as
conventional cameras?

Why is imitation of the observed reality given by multiplex hologram incomplete?

What is the main problem connected with synthesizing of CGHs?

What advantages and disadvantages of holography as a method of displaying 3-D images can
you single out from the main text?

6. What does proposed method of holographic computer-aided imaging consist in?

o~ w

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

Intense — intensity; cohere — coherence — coherent — coherently; continue — continuity —
discontinuity — continuous; compute — computer — computation — computational; volume —
volumetric; hologram — holography — holographic; attract — attraction — attractiveness — attractive —
attractively; illusion — illusive; deepen - depth — deep — deeply; invent — invention — inventor ~
inventive; relate — relation — relative — relativity — relatively; move — movement; require —
requirement; numerate — numeral — numeration; numerical — numerous — numerically.

I1. Make nouns and adjectives from each of the verbs from the table.

Verb Noun Adjective

enable

originate

differ

create

deepen

retrieve

depend

continue

compose

replace

I11. Use the correct form of the word in capitals at the end of each sentence to fill the gap.

9. There’s often a lack of ..... between one government and the next. CONTINUE

10. Water normally moves more slowly at shallower ..... . DEEP

11. The new central heating has made an enormous ..... to the house. DIFFER

12. Our new boss tackles problems in a completely ..... way. ORIGIN

13. The shop has a very limited ..... of ties. CHOOSE

14. Money from her-aunt ..... Jan to buy the house. ABLE

15. We need to reduce our ..... on oil as a source of energy. DEPEND

16. ..... structural alterations have been carried out. NUMERAL

17. A good imaging system makes ..... of relevant documents fast, easy and efficient. RETRIEVE

18. The amount of energy which is transported past a given area of the medium per unit of time is
known as the ..... of the sound wave. INTENSE

19. The color of a star depends on its chemical ..... and its mass. COMPOSE

20. These ..... have prevented hologram recorders from becoming as widely used for outdoor
photography as conventional cameras. REQUIRE

21. A possible ..... to these limitations is obtained by the techniques of holographic stereograms.
SOLVE

22. This low pressure made a ..... vacuum above the liquid. PART

IV. Combine the words in bold with those in brackets. Translate the combinations into
Russian.
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intense (be ~, become, remain; extremely, incredibly, quite; ~ heat, cold, sunlight, pain, pressure,
concentration, personality, nature)

single (~ hologram, tree, day, sheet of paper, people, parent, word, ticket)

authentic (~ painting, document, book, statue, uniform, sounds, atmosphere)

demand (~ resignation, apology, attention, remedy, explanation, control, time)

requirement (main ~, fundamental, reasonable, basic, minimum, additional, further, special,
individual, annual, daily, constitutional, formal, legislative; safety ~, visa, energy; fulfil ~, meet,
satisfy, impose)

conventional (be ~, seem; ~ camera, methods, view, phone lines, tastes, approach, light bulb)
discrete (~ patches, groups, stages, units, detectors, functions)

partial (~ solution, success, recovery, compensation, refund, victory)

description (mathematical ~, graphical, complete, comprehensive, detailed, full, accurate, vague,
objective; give ~, provide)

computation (mathematical ~, scientific, simple, statistical; ~ of the monthly statistics; the speed
of ~, a series of; an error in ~)

distribution (equal ~, unfair, uniform, optimal, overall, local, spatial; ~ on the plane, of aid
supplies; population ~)

contribution (important ~, significant, enormous, modest, valuable, outstanding, voluntary; make
source (excellent ~, reliable, valuable, principal, external, independent, additional, alterative,
natural; point ~, energy, food, water, light, data, information; be ~, constitute, prove, provide, use)
yield (~ crop, solution, results, benefits, profit, information, distribution)

encode (~ message, information, gene, broadcasts, CDs; ~ electronically)

beam (bright ~, intense, powerful, narrow, thin, electron, laser, searchlight, torch; direct ~, send)
capture (~ perfectly, brilliantly, neatly; attempt to ~, try to, manage to, fail to; ~ scene, imagination,
attention, data)

obtain (be able/unable to ~, attempt to, fail to, be easy to, be possible to, need to, be required to; ~
dishonestly, illegally; ~ goods, information, details, permission, visa, approval, evidence, funding,
license)

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

A B

design v the quality of glass, plastic etc that makes it possible for you
to see through it

yield v a view of a place as you see it, or as it appears in a picture

transverse adj a curved shape

compute v catch person or animal; get control of a place; express how
sb/sth is

encode v a way of solving a problem or dealing with a difficult situation

capture v calculate (an answer or amount) by using a machine

enable v sth that makes one person or thing more likely to succeed than
others

arcn placed across sth/ in a position or direction that is at an angle
of 90° to sth else

advantage n give sb the ability or opportunity to do sth

originate v find something and bring it back

solution n put secret information onto code ( a system of words, numbers,
or symbols that hides its real meaning)

retrieve v start to develop in a particular place or from a particular situation
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transparency n decide how sth will look, work, etc., especially by drawing plans
or making models
scene n produce sth useful such as information or evidence

V1. Fill in the gaps in the sentences below using words from column A of Exercise V in the
correct form.

1. The home team always have an ..... over their opponents. 2. After a process of recording the .....

under incoherent illumination and digital computing, we get a 2-D complex function. 3. The
method is specially ..... for use in small groups. 4. The wreckage of the crashed plane was ..... from
the ocean. 5. These variable factors include the depth of the water, its temperature and ..... , and its

velocity, among others. 6. Some music CDs are now ..... with information about the performers and
their music, but you need a special player to use them. 7. A ..... bar joints the two posts. 8. This

will ..... users to conduct live video conversations. 9. The research has ..... useful information. 10.
Both sides are trying to find a peaceful ..... . 11. The data is ..... by an optical scanner. 12.
Buddhism ..... in India and came to China in the first century A. D. 13. ..... the ratio of the object’s

height to its weight. 14. The mountains formed an ..... around the north of the city.

VI1. Arrange the words given in a. and in b. in pairs of synonyms.

a. Authentic, demand, device, perform, stable, destroy,. obtain, technique, solution, ordinary,
originate, imitation, propose, design, yield, review, feature, capture, retrieve, view.

b. Carry out, acquire, way out, usual, restore, offer, see, genuine, copy, produce, require, examine,
come from, fixed, develop, method, characteristic, mechanism, catch, ruin.

VII1. Arrange the words given in a. and in b. in pairs of antonyms.

a. Attractive, accurate, intense, single, conventional, authentic, discontinuity, partial, transparency,
outdoor, enable.
b. False, whole, continuity, ugly, indoor, opaqueness, slight, rough, prevent, numerous, rare.

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

JlocToBepHasi WJUTIO3Ms, BHUIETh HEBOOPYXKEHHBIM TJa30M, TOYHOE OIIYIIEHHE TIyOUHBI,
BBITIOJIHSATH, . TpeOOBaHHE, OOBIYHBIE KaMephl, IOIy4aTb, COCTOSTh U3, HAO0OP AUCKPETHBIX
(parMeHToB, HEOAHOPOJHOCTh, YACTUYHOE pelIeHHe, 0ObeMHbIE 00pa3iibl, 0071acTH MPUMEHEHHS
rOJIOTPAaMMBI, TPEIIIOIOKEHNE, HE3aBUCUMBIE pACCEUBATENN CBETA, TOYEYHBI HMCTOYHHK,
MIPOU3BOJIUTh, BOCCTAHABIMBAEMbli, HEMPEPHIBHBIN Mapajiakc, MONepedyHble IUIOCKOCTH, Habop
YLJIOBBIX paKypcoB, K03(pULmeHTsI Mpo3payHOCTH, C OJTHOW CTOPOHBI, C APYTON CTOPOHBHI.

X. Give the Russian equivalents for the following.

Demand, relatively, slight movement, interference fringes, outdoor photography, true wave front,
perspective projection, discontinuity, partial solution, computer-generated hologram, computational
task, originate, parabolic wave front, yield, retrievable, computer-aided imaging, encode, note,
related to, capture.
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PRACTICE

I. Translate the following sentences into Russian defining if forms ending in -ing are gerunds
or participles.

1. Current approaches to displaying three-dimensional images can be classified into several main
types.

2. A single hologram is capable of creating the most authentic illusion of observing volumetric
objects by the naked eye.

3. Since the invention of the hologram more than 50 years ago, holographic recording of real

4. objects has been performed by wave interference.

5. These requirements have prevented hologram recorders from becoming as widely used for

6. outdoor photography as conventional cameras.

7. This is because one needs to superpose the mathematical contribution of many waves

originating from many points on the objects, when not all of them are located at the same
distance from the hologram plane.

8. Many algorithms for synthesizing CGHs for 3-D imaging have been proposed in the past three
decades.

9. The depth information is retrievable from continuous parallax and from focusing on different
transverse planes through the volume.

10. The difficulty of this technique comes from the long computation time necessary to superpose
waves coming from large number of object points.

11. The CGH is computed in a relatively short time without sacrificing image quality.

12. Since the resulting hologram is similar to a Fourier hologram, the reconstruction stage will be
carried out by a Fourier lens, as described in the following sections.

13. The experimental construction was successfully demonstrated, thus indicating the potential of
the technique for 3-D display.

14. The propagating wave reconstructs the object’s transverse image at each matched depth
locations with some noise.

15. Using triangular interferometer, polarization optics and CCD allows the recording of a complex
hologram with an incoherent light.

I1. Translate the following text into English.?

HeoOxomuMo  TIOJYEpKHYTh, 4YTO 37I€Ch MBI HE CO3/1a€M COCTaBHYI CHHTE3HPOBAaHHYIO
rojgorpaMmy. MIcTouHUKOM 001I1eT0 3a01yKACHHSI, COCTOSIIEr0 B TOM, YTO HAIl aITOPUTM OTHOCST
K COCTaBHOW TOJIOTpamMMe, SIBIISIETCS CXO0XKECTh NMPUPOJIBI BXOAHBIX IaHHBIX. B o0omx meromax
BBIYHUCIUTENBHBIN TMPOILIECC HAYMHACTCS C TOXOXKUX BXOJHBIX JaHHBIX M0 MHOTUM paKypcam
o0bekra. OTHaKO, HA TOM CXOJICTBO MEXY JBYMS TOJIOTPAMMAaMH 3aKaHYUBACTCS.

XOTs BXOJHBIMH JaHHBIMU B HAIlleM METOJIE SIBJISIETCS HAaOOp TOUYeK HAOMIOACHHS 00BEKTa Mo/
pasHBIMU yTJIaMH, HAll AJTOPHTM OTIMYAeTCS OT COCTaBHOM ToJOTpaMMbl. B Hamem wmertone
Ka)K7asi TOYKa roJIorpaMMbl BHOCUT BKJIAJ] BO BCE BOCCTaHABIMBAaeMOe 00bEMHOE M300paKeHUE, U
KaKJlasg TOYKa BOCCTaHABIMBAEMOIO H300pakeHHs (OPMHPYETCS CBETOM, MU(PparupyrolmmM Ha
BCEU I0JIOrpaMMe.

% The text was translated from preprint of the original paper of J. Rosen, D. Abookasis, “Holographic three-
dimensional computer-aided imaging” [8].
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JlaHHas cuTyanus OIpPEJENICHHO HEMOX0)Ka Ha COCTaBHYIO TOJIOTpaMMy, B KOTOPOH IS
nony4yeHuss d¢¢exrta TPEeXMEPHOCTH OOBEKTa pa3Hble «CyOrojorpaMmbl» CO3AAI0T pa3HbIE
JABYMEpHbIE M300paKeHUs Ul Pa3HBIX 3PHUTENBHBIX PaKypcoB. B Hamem anropuTme BXO/AHBIC
JaHHBIE MO0 BCEM paKypcaM OOBEIUHSIOTCS BMECTe B KOHEUHYIO TOJIOTPAMMY, HUKaKas YacTh
KOTOPOW HE MOXKET OBITh OT/IEJIFHO OTHECEHA K TOMY MJIM HHOMY PaKkypcy HaOI0AaeMOro 0ObeKTa.

Vocabulary Notes:

emphasize — noguepKuBaTh

synthesize a multiplex computer-generated hologram — co3naBaTh COCTaBHYIO CHHTE3UPOBAHHYIO
roJIorpamMmy

origin — UICTOYHHUK

common confusion — o6iee 3a0myxaeHHEe

relate to — orHocHTH K

similarity — cxosxxecTb

of multiple perspectives of the object — o mHorEM pakypcam o0bekTa

the set of the object’s angular viewpoints —Habop Touek HaOIIOACHHS 00bEKTA MO Pa3HBIMU
yriamu

definitely dissimilar — onpenenenno Hemoxoxka

create the effect — coznaBats 3 ekt

generate 2-D images — co3naBath AByMEpHbIE H300paKEHHSI

View perspectives — 3puTesbHbIe paKypChl

all of the input perspectives — BxoHbIe JaHHBIC 10 BCEM paKypcaMm

be fused together — oObeMHATECS BMECTE

I11. Read the text and reproduce it in English in short.*’

With the first type of hologram, we propose a process of recording a CGH of a real-world 3-D
object under conditions of incoherent white illumination.

After a process of recording the scene under incoherent illumination and digital computing, we
get a 2-D complex function. This function is equal to the complex amplitude of coherent light
diffracted from the same object and propagates through a particular optical system described below.
Thus apparently we succeed in recording the complex amplitude of some wave front without beam
interference. We record several digital pictures of the object from different points of view. The
pictures are recorded into a digital computer, which computes a CGH from the input data.

Illuminating this hologram by a plane wave reconstructs the original objects and creates the
volume effect in the observer’s eyes. The hologram that we would like to produce is of the type of a
Fourier hologram. This means that the image is reconstructed in the vicinity of the back focal plane
of a spherical lens when the hologram is displayed on the front focal plane.

Vocabulary Notes:

under conditions of incoherent white illumination — B ycioBHsSX HEKOIepEHTHOTO OCBEIICHUS
OeNbIM CBETOM

coherent light diffracted from the same object — korepenTHbI# cBeT AudparupoBaBInii  Ha

TOM K€ cCaMOM 00BEKTe

particular optical system — cienuuueckas ontuueckas cucrema

2" The text was adopted for language learning purposes from preprint of the original paper of J. Rosen, D. Abookasis,
“Holographic three-dimensional computer-aided imaging” [8].
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original objects — ncxoaHbIC 00BEKTHI

volume effect — apdpexr o6bemMHOCTH

in the vicinity — mo6imzoctu

front (back) focal plane — nepennss (3axHss) GokanbHAs IOCKOCTh

IV. Read the text and render it in Russian.?®

A new process of computing holograms of computer designed 3-D objects has been proposed
and demonstrated. By fusion of multiple projections of the object, a 2-D function has been obtained
that contains 3-D information of the object. The resulting CGH is equivalent to an optical Fourier
hologram of a realistic 3-D scene. The experimental construction was successfully demonstrated,
thus indicating the potential of the technique for 3-D displays.

It should be mentioned that although the method is seemingly limited to Fourier holograms,
once the complex wave front on the Fourier plane is computed, any other type of hologram, such as
Fresnel or image holograms, can also be computed. This can be done simply by computing the
propagation of the wave front from the Fourier plane to any other desired plane by means of Fresnel
or near-field operators.

Possible applications of the suggested CGH are in areas where the 3-D representation is
required. Areas such as computer-aided design, computer graphics, virtual reality, 3-D work
stations, tomography, and holographic cameras might benefit from the proposed method. Since our
hologram is classified as a Fourier hologram, it can also be applied to the areas of object recognition
and target tracking in 3-D space.

Vocabulary Notes:

fusion of multiple projections of the object — o6beMHEHIE MHOTHX TIPOEKITHI 00BHEKTa

manifest — sicHO MoKa3pIBaTh; JOKA3bIBATH

legitimate — ompaBaaHHBIi; 000CHOBAHHBIN

the method is seemingly limited to Fourier holograms —mero, mo-BUIUMOMY, IPUMEHUM TOJIBKO K
rosiorpammamM dypre

near-field operators — omepaTopbl GIHKHETO OIS

object recognition and target tracking in 3-D space — pacrno3HaBaHue 00BEKTa U OTCICKHBAHUE
EJTH B TPEXMEPHOM IIPOCTPAHCTBE

V. Reproduce the main text.

VI. Write an annotation on the text.

V1. Topics for discussion.

1. Does holography seem to be a more attractive method of displaying 3-D images than others?

Supply your viewpoint with arguments showing and comparing advantages and disadvantages of
different methods (for example: holography and stereoscopy).

% The text was adopted for language learning purposes from preprint of the original paper of J. Rosen, D. Abookasis,
“Holographic three-dimensional computer-aided imaging” [8].
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2. Hologram recorders based on interference haven’t become widely used devices for holograms
obtained in outdoor photography. How much could method of holographic computer-aided imaging
proposed in the main text help to obtain holograms in outdoor photography? You can use
information from the main text to argue your viewpoint.
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UNIT 8
3D TELEVISION USING OPTICAL SCANNING HOLOGRAPHY

READING

I. Read the following words paying attention to pronunciation.

Transmission [traenz'mifn], frequency ['frizkwansi], subsequently ['sabsikwantli]; = circuit
['s3:kit], emerge [1'm3:d3], carrier ['kaeris], tremendous [tri'mendas], alleviate [a'lizviert],
surface ['s3:fis], spherical ['sferikal], finite ['farnait], synchronization [sinkranai'zeifn],
similarly ['similali], area ['esria], associate [a'saufiert], acquire [o'kwara], formidable
['formidabl], nevertheless [nevada'les].

I1. Try to guess the meaning of the words in bold type.

shift v change or move from one position or direction to another: The wind shifted from east to
north./ The audience shifted uneasily in their seats./ Help me to shift the sofa away from the fire.
raster n the pattern of scanning lines on the screen of the cathode-ray tube in a television receiver
or other device that provides a visual display: The raster is slightly smaller than the physical
dimensions of the display screen./ The raster varies for different resolutions./ Raster is the
rectangular area of a display screen actually being used to display images.

denote v indicate or represent: What does the term ‘organic’ denote?/ A very high temperature
often denotes a serious illness./ In the table T denotes time and W weight.

alleviate v to make something less painful or difficult: to alleviate suffering/ A number of measures
were taken to alleviate the problem./ The doctor has prescribed some drugs to alleviate the pain.
refresh v give new strength to something, restore or revive: refresh oneself with a cool shower/ She
felt refreshed after her sleep./ He had to refresh his memory by looking at his notes./ Click here to
refresh this document./ The page refreshes automatically.

rate n speed of movement: at a great/dreadful/steady rate/ The rate of flow can be calculated by
measuring the resistance of the wire./ His pulse-rate dropped suddenly. At the rate you work, you’ll
never finish.

target n a result you try to achieve: set a target/ target date/ The university will reach its target of
5,000 students next September./ A target audience is the particular audience that a product,
programme, etc is aimed at.

lower v reduce something in number, amount, value, or strength: The voting age was lowered from
21 t0 18. Less fat in your diet lowers the risk of heart disease. Joe lowered his voice, as if they
might be overheard.

formidable adj difficult to deal with or overcome: Meeting the energy demands of a big city is a
formidable task./ They had to overcome formidable obstacles.

nevertheless adv despite a fact or idea that you have just mentioned: There was no news,
nevertheless we went on hoping./ I disagreed with everything she said, but she’s a very good
speaker nevertheless./ It’s a difficult race. Nevertheless, about 1,000 runners participate every year.
novel adj new and strange; of a kind not known before: a novel idea/ a novel solution to a problem/
Keeping a sheep in the garden is a novel way of keeping the grass short!/ We need to find a novel
approach to our advertising.
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remark n something you say or write which expresses an opinion, a thought, etc about sth or sb:
His remarks on the employment question led to a heated discussion./ The children made rude
remarks about the old man./ Critics remarked that the play was not original.

split v to divide, or to make something divide into two or more parts: split the atom/ The results
split neatly into two groups./ Let’s split into groups and work separately./ Many American families
are split by large geographical distances.

temporal adj connected with or limited by time; belonging or relating to time, often in being
relatively short: temporal frequency of the optical beam/ a universe which has spatial and temporal
dimensions/ The temporal sequence of the play is confusing for the audience./ The user can
manipulate time and change the temporal order of the information being viewed. So they can find
new patterns and visions.

pick up v obtain or acquire casually, by chance, etc; receive (a signal, programme, etc): An antenna
picks up the transmitted signal./ I don’t think this thing can pick up foreign stations./ These bombs
have a guidance system which can pick up signals from targets on the ground./ Can you pick up
(receive broadcasts from) Moscow on your radio?

emerge v appear by coming out of sth or out from behind sth: He emerged from the sea cold but
exhilarated./ After a few weeks, the caterpillar emerges from its cocoon./ The moon emerged from
behind the clouds.

path n a line along which somebody or something moves: The charged particles move in spiral
paths./ I hope our paths cross./ They followed the path until they came to a gate.

spot n a particular place or area; a small round area that has a different color or feels different from
the surface it is on: one of the region’s best-known tourist spots./ The king himself had stood on this
very spot./ His jacket was covered with spots of mud./ The flower is yellow with red spots.

process v put information into a computer in order to organize it: Data is processed as it is
received./ How fast does the new micro process the data./ My new laptop can process information
much more quickly than my old computer.

circuit n the complete path that an electric current flows around: an electrical circuit/ There must be
a break in the circuit./ A defect was found in the water-cooling electrical circuit.

I11. Skim the text quite quickly to get a general understanding and answer the questions
given. Consult the vocabulary after the text.

1. What technique is proposed in the article for achieving holographic recording?

2. What device is proposed for holographic reconstruction?

3. What device was used for obtaining spherical wave temporal frequency shift in the optical
heterodyne scanning system?

3D TELEVISION USING OPTICAL SCANNING HOLOGRAPHY?

The first television transmission of a hologram was demonstrated in 1966. The interference
between the Fresnel diffraction pattern of an object transparency and an off-axis plane wave formed
aspatial carrier-frequency hologram to be recorded by a TV camera. The holographic information
was then transmitted over closed-circuit TV, displayed on a 2-D monitor, and photographed to form
a hologram, which was displayed subsequently by a coherent optical system. Since a hologram has
a tremendous amount of information, information reduction techniques have been investigated in
order to alleviate the problems associated with reduced image resolution and restricted field of view
upon holographic reconstruction. In addition, if holographic information is to be refreshed ata TV

% The text was adopted for language learning purposes from preprint of the original paper of T.-C. Poon, “Three-
dimensional television using optical scanning holography” [9].
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rate, information reduction techniques can lower data transmission rate through the channel linking
the holographic acquiring end and the holographic reconstruction/display end. Indeed live 3-D TV

using hologram formation and transmission is a formidable problem. Nevertheless, much progress

has been made and novel devices have been invented.

In this paper, we discuss the use of optical scanning holography (OSH) to achieve holographic
recording upon optical scanning the object. For holographic reconstruction, we will concentrate on
coherent spatial light modulator reconstruction and make some remarks.

Figure 8.1 shows a typical optical heterodyne scanning system used to record the complex
hologram of a 3-D target in real time with only a single two-dimensional scan and such a real-time
holographic recording technique is called optical scanning holography (OSH).

In fig. 8.1, the laser beam is split into two optical paths by beam splitter BS1. The temporal
frequency of the upper path beam is then up-shifted by an acousto-optic frequency shifter (AOFS),
operating at frequency €, that is, the temporal frequency of the optical beam emerging from the
AOFS is now at g+ Q, where wyg is the temporal frequency of the laser. This upper path beam is
subsequently collimated by beam expander BEL.

Now, lens L provides a focused beam on the surface of BS2, which then generates a temporal
frequency shifted spherical wave of finite extent towards a remotely located 3-D object or target
characterized by an intensity reflectance lo(X,y;z), where z is a distance or depth parameter defined
as the distance between the focused spot on BS2 and the target. Regarding the lower path beam, it is
collimated by beam expander BE2. This generates a plane wave of finite extent with temporal
frequency of the laser wo at beam splitter BS2.

The upper and lower path beams are combined by beam splitter BS2. The interference of the
temporal frequency shifted spherical wave and the plane wave, both of limited extent, creates a
temporally modulated Fresnel zone pattern of the form

sin|(z/ 4z)x? + y? )+t

where z is the distance measured from beam splitter BS2 to the target and A is the wavelength of the
He-Ne laser. This time-dependent Fresnel zone pattern is projected onto the target and scanned in a
2-D raster covering the area of the target object. The photomultiplier collects all the light and its
heterodyne current output is given by

i (X, y)oc jsin[(;r/ﬁ,z)(xz +y? )+ Qt]@ I,(x, y;2)dz

where Io(x,y;z) is the'intensity distribution of the object located at z away from the x-y scanner, ®
denotes two-dimensional correlation involving transverse x, y coordinates. Note that x=x(t) and
y=y(t) are both function of time, and the integration of z is over the depth of the target object. It is
important to note that the heterodyne current ig(X,y) has a carrier frequency €, which can now be
radiated through a transmitting antenna. At this point, the holographic acquiring end is complete.

At the receiving stage, an antenna picks up the transmitted signal and the signal is to be
electronically processed as shown in the figure and finally we have two processed currents i, and i;
as outputs. For example, when ig(x,y) is multiplied by cos(Qt) and then lowpass-filtered, we can
extract the phase of ig(X,y) to give

i, = _[sin[(;r//iz)(x2 +y?)|@1,(x,y; 2)dz

When the current is displayed in synchronization with the signals used to drive the x-y scanner,
we have a 2-D record and the record is called the sine-hologram, Hsin(X,y):
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H,.(x y)= jSin[(ﬂ'/ﬂZ)(Xz +y? )@ 1,(%, y;2)dz

Similarly, for the processed output current i;, we have the cosine-hologram:
Ho. (% y)= _[cos[(ﬁ//lz)(x2 +y? )@ 1,(x, y;2)dz

The holograms can be combined to become a complex hologram:

H, (X, ¥)=Hgs — iHg :Iem L i(zraz)x2 + y2)|@ 1, (x, y; 2)dz

This hologram can be inputted to a phase spatial light modulator (SLM) for optical holographic
reconstruction.

Antennas Cos (Q1)

COHLPE
COHLEE]

——

O 0O
Sin (Q1) Spatial light modulator

Photomultiplier

Object,

I,(x.y.2)
|< 0z
X-Y Seanner

I Z I

Figure 8.1. 3-D Television System Using Optical Scanning Holography [9]
(M’s, mirrors; AOM, acousto-optic modulator; BS1, 2, beam splitter; BE1, 2, beam expanders; L,
focusing lens; electronic multiplexer; LPF, low pass filter).

Vocabulary Notes:

Fresnel diffraction pattern — nudpakunonnas kapruna Openerns

spatial carrier-frequency hologram — roiorpamMma Ha HecyIiel IPOCTPAHCTBEHHOW 4acTOTe
closed-circuit TV — kabenbHOE TeIEBUACHUE

optical-scanning holography — ontuueckast ckanupyromiast roorpadus
acousto-optic frequency shifter — akycroontuyeckuii mpeoOpa3oBaTeNlb YaCTOTHI
temporal-frequency shifted wave — BosiHa co cIBUHYTO#H BpEMEHHOM 4acTOTOM
wave of finite extent — BosiHa ¢ orpaHUYEHHOM anepTypoit

Fresnel zone pattern — crpykrypa tumna 30us1 Openens

scan in a 2-D raster — ckaHHUpOBaTh 10 JIBYMEPHOMY PacTpy

heterodyne system — rerepoanHHas cucTeMa

complex hologram — ammmutynHO-(a3oBas rojxorpamMma

two-dimensional scan — nBymepHOe cCkaHHpPOBaHUE

temporal frequency — BpemeHHast yacToTa

up-shift frequency — noBkImaTh YaCTOTY

intensity reflectance — orpaxarenbHas CrlocOOHOCTH

temporally modulated — mogynupyemsiii Bo BpeMeHH

integration over the depth — uaterpupoBanue 1o riayouHe
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holographic acquiring — moy4eHue roJaorpaMmbl
receiving stage — craaus npuema
be lowpass-filtered — moaBeprarbcst HU3KOYACTOTHOMN (PHUIBTPALIMH

Active Vocabulary:

transmit — nepexaBath

subsequently — BrociecTBHM; MO3KE; TOTOM
tremendous — orpomHsbIit

reduction — CHIKEHHE; YMEHBIIIEHNE, COKPAILICHHE
investigate — u3y4arp; ucciie0BaTh

alleviate — oOseruars; cMsArYaTh

restrict — orpaHMYMBaTH

acquire — mosty4aTh; mpuoodpeTaTh

split — pa3zensTs; paciierisiTh

collimate — KOJTMMHPOBATE; CBOIUTH B MAPaJUICIbHBIH ITyY0K
remotely — ynajgeHHO

photomultiplier — horoymHO)HUTEH

output — BBIXOAHOU CUTHAI

denote — 0603Ha4YaTh

pick up — mpuHMUMATh; TOBUTH (CUTHAI, TIepeIavy)
extract — u3BneKarsp,; 1oay4arb

sine — cunyc

COSINe — KOCHHYC

off-axis — BHeoceBoi

beam splitter — ceetomenuTenH

beam expander — pacupurens mydka

spatial light modulator — mpocTpaHcTBEHHBII MOIYISTOP CBETA
carrier frequency — Hecyias yactora

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

1. Why is it necessary to refresh holographic information at a TV rate at the holographic
reconstruction end?

2. How was the plane wave obtained from the laser beam in the optical heterodyne scanning
system?

3. How was the spherical wave obtained from the laser beam in the optical heterodyne scanning

system.

Interference between what waves resulted in the scanning Fresnel zone pattern formation?

What happens at the receiving stage of the described 3-D television system?

o s

VOCABULARY EXERCISES

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

Transmit — transmission — transmitter — transmissible; demonstrate — demonstration — demonstrative
— demonstratively; reduce — reduction; investigate — investigation — investigator — investigative —
investigatory; add — addition — additional — additionally; measure — measurement — measurable —
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measureless — measurably; low — lower; radiate — radiation — radiator — radioactive — radioactivity;
similar — similarity — similarly; coordinate — coordination — coordinator; expand — expander —
expansion — expandable — expansive; sphere — spherical; electronics — electronic — electronically;
split — splitter; shift — shifter — shiftless — shiftlessly — shiftlessness — shifty — shiftily — shiftiness.

I1. Make nouns and adjectives from each of the verbs from the table.

Verb Noun Adjective
transmit
multiply
achieve
synchronize
expand
demonstrate
limit
add
operate
measure
resolve
radiate

I11. Use the correct form of the word in capitals at the end of each sentence to fill the gap.

This information ..... is also important for data transmission consideration. REDUCE

Changes in sea temperature will increase the ..... of hurricanes. FREQUENT

The Earth is not perfectly ..... . SPHERE

Accurate ..... is very important in science. MEASURE

Emphasis was placed on the school as a ..... of moral values. TRANSMIT

Before you set your targets, make sure that they are ..... . ACHIEVE

The company has ..... expanded its product range. SUBSEQUENT

The required number of ..... pixels as about 1.1 billion in the SLM (spatial light modulator).
RESOLUTION

9. The telephone is fully ..... again. OPERATE

10. The possibilities were almost ..... . LIMIT

11. ... , we request a deposit of $ 200 in advance. ADD

12. The book'is an ..... of a series of lectures given last year. EXPAND

13. The children were ..... dressed. SIMILARITY

14. Television as we have it now is the product of many ..... , both amateur and professional.
INVENT

NG~ WNE

1VV. Combine the words in bold with those in brackets. Translate the combinations into
Russian.

transmission (direct ~, one-way, data, information, voice, fax, light, money, cable, radio, satellite,
simultaneous; ~ equipment, line, technology, mechanism, network, system, route)

operate (~ effectively, reliably, continuously, at full power, manually, remotely, electronically;
designed to ~, easy to)

investigate (~ carefully, closely, fully, thoroughly, properly; ~ complaints, claims, techniques)
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alleviate (~ considerably, greatly, partly, somewhat, a problem, a situation, fears)

reconstruction (fundamental ~, total, image, holographic; ~ period, work, programme, scheme)

rate (constant ~, steady, slow, fast, increase, reduce, lower)

link (~closely, directly, inseparably, somehow, computers, people, cities, ends)

live (~ 3-D TV, concert, show; appear ~, play, be transmitted, record)

formidable (~ problem, task, obstacle)

remark (brief ~ , casual, careless, tactless, insulting, cynical, controversial, rude; make ~, utter,
address, ignore)

measure (~ distance, room, data, length, benefits; ~ accurately, carefully)

target (achievable ~, realistic, ambitious, clear, main, initial, long-term, set, achieve, exceed; ~
audience, date, object)

pick up (~ signal, programme, station; ~ casually)

process (~ electronically, signal, information, data)

path (trace ~, block, choose)

emerge (~ slowly, suddenly, eventually, gradually; ~ from)

generate (~ quickly, automatically, spontaneously, randomly, electricity; ~ idea, wave)

extent (full ~, greatest, maximum, geographical; reach ~, examine, explore, assess, calculate,
measure, define, to a lesser/limited/small/considerable/certain, some)

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

tremendous adj the size or area of sth

investigate v get sth, for example by buying it or being given it

reduction n afterwards; later; after sth else has happened
restrict v describe clearly and exactly what it is

acquire v keep sth within strict limits

remotely adv find out and examine in order to obtain the truth
combine n existing only.in'limited numbers or amounts or

continuing only for a limited time or distance

subsequently adv

the process or result of making sth smaller or less in
amount, size, importance etc

finite ad] to come together to form a single sing or group
extent n very great in amount or level, or extremely good
define v far away

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

1. The world’s ..... resources must be used wisely. 2. Travel is a dream of mine, but a busy working
life has ..... my opportunities. 3. The upper and lower path beams are ..... by beam splitter BS2. 4.
Z is a distance or depth parameter ..... as the distance between the focused spot on BS2 and the
target. 5. There has been some ..... in unemployment. 6. The church is ..... situated high in the
mountains. 7. The original interview notes were ..... lost. 8. She has been a ..... help to me over the
last few months. 9. The River Nile is over 6,500 kilometers in ..... . 10. Police are ..... possible
links between the murders. 11. He ..... the firm in 1978.

VII. Arrange the words given in a. and in b. in pairs of synonyms.
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a. Alleviate, refresh, rate, target, lower, formidable, novel, remark, nevertheless, split, path,
subsequently, expand, remote, extent, define, record, pattern, operate, denote.

b. Register, perform, ease, jog, comment, degree, model, speed, reduce, distant, objective,
however, determine, indicate, separate, extend, way, original, tough, later.

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

a. Formidable, novel, split, expand, remote, reduce, forwards, upper, emerge, acquire, record,
collect, multiply, combine, plane, limit.

b. Spherical, lower, vanish, increase, simple, lose, erase, broaden, disperse, divide, common,
contract, backwards, join, close, separate.

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

HpOSpa‘lHOCTL, HEecylass 4YacTroTa, BpPEMCHHass YacCToTa, KabenpHOE TCICBUACHUEC, IIO3OHEC,

OTPOMHOE KOJIMYECTBO, YMEHBIIEHHUE, O0jerdarb, OOHOBIATH, IOJIY4aTh, TPYAHOpPa3peLIMMas

npo6neMa, IIJIOCKasdA BOJIHA, 0603Ha‘{aTb, HU3BJICKATh.

X. Give the Russian equivalents for the following.

Diffraction pattern, novel device, spatial light modulator, beam splitter, beam expander, up-shift

frequency, intensity reflectance, integration over the depth, holographic acquiring, receiving stage.

PRACTICE

I. Make the active sentences passive and translate them into Russian.

=

They are discussing the use of optical scanning holography.

We will make some remarks concerning coherent spatial light modulator reconstruction.

One matches whole 3-D aspects of objects just by 2-D matching between the holograms of the

objects.

We recorded the on-axis hologram of a reference object using a CCD instead of a film.

The photomultiplier has collected all the light.

We can convolve digitally the hologram with the free-space impulse response.

The figure shows the optical system for reconstruction of the object in 3-D space.

The antenna picked up the transmitted signal.

We can also use vertical and horizontal polarization for the two views.

0. The have placed linear polarisers at the output to purify the linear polarization in the desired
directions.

11. This may produce a considerably different set of price/performance ratio figures that you might

have originally considered.

wn

B©o©oo~No O~

I1. Translate the following text into English.*

%0 The text was translated from preprint of the original paper of T.-C. Poon, “Three-dimensional television using
optical scanning holography” [9].
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Bo3bmem B kayecTBE OOBEKTAa TOYKY, HAXOMALIYIOCS HAa ONTHYECKOM OCH CHCTEMBbl  Ha
yaaJeHu! Zp, KaK MokazaHo Ha pucyHke 8.1. [ BoCcCTaHOBJIEHMS TOJIOrpPaMMbl TaKOTO OOBEKTa,
MMEIOIIEH TOMHBIN Mapayiakc u pazmepsl 20 Ha 20 MM ¢ yriaoM 063opa 60 rpagycoB, HEOOXOIUMO,
9YTOOBI MPOCTPAHCTBEHHBI MOJIYJIATOP CBeTa MMen mpumMepHo 1,1 muumapaa otoOpaskaeMbIxX
NUKcenel. OTo HaXxoAWTCA 3a IIpelneidamMM BO3MOXKHOCTEM COBPEMEHHBIX MOAYJIATOPOB,
paboTaronux B peaJbHOM BpEMEHHU.

OpnHako, TOCKOJIBKY MBI TPHUBBIKIM CMOTPETh Ha MHpP JBYMS [JIa3aMH, HaXOISIIMMHCS
MPUMEPHO HAa TOPU3OHTAIBHOM  YpPOBHE, OOBIYHO  OKAa3bIBACTCSl  JIOCTATOYHO  TOJBKO
TFOPU30HTAJIBHOIO MHapajlakca. B ciydae ycTpaHeHUS BEpPTHKAIbHOIO Iapajulakca, s
BOCITpOM3BeIeHUs 256 BEpTUKAIBHBIX JUHUN MOTPEOYETCS BCETO OKOJIO 8,5 MUJUIMOHOB IMHUKCEICH,
Y BO3MOXKHOCTb CO3/IaHUS ToJIOrpauyecKoro TeIeBUICHHUS CTAHOBUTCS PeabHOM.

DTO yMeHbIIIEHUE KOJIMYeCTBa MH(OpPMALMU TAaKKe BAXKHO Ul Tepefadd NaHHbIX. Kak ObL10
IIOCUUTAHO paHee, /Il BOCIPOMU3BEIEHUS OJHOIO Kajapa ¢ rosorpammon pazmepom 20 Ha 20 mwm,
uMmerolieil yron o6zopa 60 rpamycoB, TpeOyeTcss MOIYIATOp CBeTa, UMEIOLUi mnpumepHo 1,1
MuUMapaa mukcened. s OOHOBIIGHUS TAKOro Kajapa TMpH paspenicHud -8 OuT ¢ gactoroit 30
KaJ[pOB B CEKYHJy CKOPOCTh MOCIEIOBAaTEIbHOW Mepenadyd NaHHBIX JOokHa ObITh paBHa 0,26
TEpadUT B CEKyHAY, €CIM MBI XOTHM BOCHPOHM3BECTH MOJHBIA mapawiakc. [lpu ycrpaneHuu
BEPTHKAIBHOIO Tapajuiakca TpeOyemasi CKOpOCTh Mepeladyd JaHHBIX CTaHOBUTCS PABHOM NBYM
MUWJUIHapaaM OUT B CEKYHIy, YTO BIOJHE OCYIIECTBUMO B MPOJABUHYTHIX COBPEMEHHBIX
ONTUYECKUX KOMMYHHKAI[MOHHBIX CUCTEMaX.

Vocabulary Notes:

on-axis point object — TouedHbIi 0OBEKT, PACTIONIOKEHHBINH Ha OCH
full parallax hologram — rosorpamMma ¢ OJHBIM MAPATIIAKCOM
resolvable — pa3spemmmblit; oToOpaskaembiit

beyond capabilities — 3a npeenamu BO3MOKHOCTEH

on a horizontal level — va ropuzoHTaTIEHOM YpOBHE

information reduction — ymeHbIieHHe KOJIM4ecTBa HH(POpMAIIUN
frame — kanp

update — 0GHOBIIATH

serial data rate — ckopocTh MOCNEI0BaTENbHOM Mepeaul JaHHBIX
advanced — npoIBUHYTHIH

I11. Read the text and reproduce it in English in short.®

Optical Scanning holography (OSH) is a form of electronic holography. The idea of OSH was
first implicated in Poon and Korpel’s paper when the authors were investigating the
implementations of bipolar functions in their optical heterodyning image processor in the context of
incoherent image processing.

Since then, applications using OSH have been extensively explored and investigated. These
applications include 3-D holographic microscopy, optical recognition of 3-D objects, 3-D optical
remote sensing, 3-D holographic TV and display, and most recently 3-D optical scanning
cryptography.

Briefly, OSH is a technique in which holographic information of a 3-D object or target can be
extracted using only a single 2-D optical heterodyne scanning. The scanning optical beam used to
record the holographic information of the 3-D object is a temporally modulated Fresnel zone pattern

%1 The text was adopted for language learning purposes from preprint of the original paper of T.-C. Poon, “Three-
dimensional television using optical scanning holography” [10].
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that is created by the interference of a plane wave and a spherical wave of different temporal
frequencies.

Vocabulary Notes:

3-D optical remote sensing — TpexMepHOE ONTUYECKOE TUCTAHIIMOHHOE 30HIMPOBAHNE
3-D optical scanning cryptography — kpumntorpadus ¢ TpeXMEPHBIM ONTHYECCKUM CKAHUPOBAHHUEM

IV. Read the text and render it in Russian.

As far as the transmission of holographic information is concerned, current technologies can
handle a small 20 mm by 20 mm hologram (with viewing angle of 60 degrees) transmission at
video rate. As for the issue of SLMs, one of the bottlenecks we discussed is its limited spatial
resolution.

Using some of the best quality SLMs commercially available (100 Ip/mm), the achievable
viewing angle is about 7 degrees. In the movie Star Wars, Luke Skywalker’s adventure begins when
a beam of light comes out of the robot R2-D2 which projects a small 3-D holographic image of
Princess Leia. This is tangible with current technologies. However, the ‘Holy Grail’ for holographic
display research is the realization of live 3-D and life-size interactive displays such as ‘The Doctor’
in the science fiction series Star Trek Voyager, who is a holographically projected computer
program devised by ‘Starfleet’ as the Emergency Medical Hologram.

To put things into perspective, it took over half a century from the first adopted video standard
(40 lines and 640 pixels horizontally) to nowadays high-end computer terminals (1024 lines and
1280 pixels horizontally). How long does it take to find the ‘Holy Grail’?

Vocabulary Notes:

handle — BeigepxuBaTh

viewing angle — yron o630pa

bottleneck — nepen. y3kuii mpoxo; y3Koe MecTo
spatial resolution — mpocTpaHCTBEHHOE pa3pelicHe

tangible — ocsi3aempilii; peanbHbIR
devise — pa3pabaTsiBaTh; H300peTaTH

V. Reproduce the main text.

V1. Write an annotation on the text.

VI1. Topics for discussion.
1. Light losses in the optical scanning system.

Look at Figure 8.1 with a typical optical heterodyne system used to record the complex hologram of
a 3-D target. In which blocks of the system could we expect noticeable light losses? Why? Is there

%2 The text was adopted for language learning purposes from preprint of the original paper of T.-C. Poon, “Three-
dimensional television using optical scanning holography” [9].
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any principle difference between contributions of beam splitter BS1 and beam splitter BS2 to the
light losses in the optical system? Supply your viewpoint with arguments.



PART FOUR

VOLUMETRIC DISPLAYS
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UNIT 9
SOLID-STATE VOLUMETRIC DISPLAY

READING

I. Read the following words paying attention to pronunciation.

Alias ['e1lias], scheme [skizm], schematic [ski:'maet1k], subtle [satl], proprietary [pra'praiatari],
exhibit [1g'z1b1t], leverage ['lizvaridz], convergence [kpn'v3:dzans].

I1. Try to guess the meaning of the words in bold.

sequence n succession; connected line of events, ideas, etc; the sequence of events, the order in
which they occur: The high-speed video projector projects a sequence of slices of the 3D image into
the multi-planar optical element where each slice is halted at the proper depth./ The tasks had to be
performed in a particular sequence./ These pages are out of sequence./ A computer can store and
repeat sequences of instructions.

smooth adj having a surface like that of glass; free from roughness; v make smooth: smooth
away/over obstacles, difficulties, get rid of them/ Multi-planar algorithms smooth the appearance of
the resultant stack of image slices.

shutter n movable cover for a window to keep out light; device that opens to admit light through
the lens of a camera: The shutter exhibits 88% transmission in the clear state, 2% transmission in
the scattering state.

degradev  reduce in rank or status: Multi-planar anti-aliasing is very effective to an on-axis
viewer and degrades gradually as viewing angle increases.

subtle adj difficult to describe, define, or explain; clever, cunning: A difference between two
ideas so small that it is hard to understand./ Multi-planar anti-aliasing effectively leverages the
subtle character of visual perception.

enormous adj very great: an-enormous sum of money/ In order to address the enormous demand for
3-D displays, we have ‘developed and are commercializing a system called the Depth Cube 3D
Display System.

I11. Skim the text quite quickly to get a general understanding and answer the questions given.
Consult the vocabulary after the text.
1. What is the text about?

2. What kind of projection is used in the Depth Cube 3D display?
3. What does the development of the Depth Cube system represent?

SOLID-STATE VOLUMETRIC DISPLAY*

% The text was adopted from the original paper of 4.Sullivan, “A solid-state multi-planar volumetric display” [11]
(Permission for Reprint, courtesy Society for Information Display).
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The DepthCube 3D display is a solid-state multi-planar volumetric display system in which a
DLP based high speed projector projects slices of the 3D scene onto a stack of LC scattering shutters
acting as an electronically controlled projection volume. Highly continuous appearing 3D images are
obtained through multi-planar antialiasing.

A high performance three dimensional display system has been the goal of many experimental
quests over at least the last 40 years. And the level of effort has only increased recently due to the
exponential increase in the computational performance of modern computers and the wide range of
3D applications that run on them.

In order to address the enormous demand for three dimensional displays, we have developed and
are commercializing a system called the DepthCube 3D Display System. A schematic diagram of a
DepthCube 3D Display System is shown in figure 9.1. The DepthCube Display System. is a solid
state, rear projection, volumetric display that consists of two main components: a highspeed video
projector, and a multi-planar optical element (MOE) composed of a air-spaced stack of liquid crystal
scattering shutters. The high-speed video projector projects a sequence of slices of the 3D image into
the multi-planar optical element where each slice is halted at the proper depth. Proprietary multi-
planar anti-aliasing algorithms smooth the appearance of the resultant stack of image slices to
produce a continuous appearing truly three dimensional image.

The multiplanar optical element (MOE) is a stack of 20 air-spaced liquid crystal scattering
shutters. The MOE acts as an electronically variable solid-state projection volume and, in
conjunction with the high speed video projector, creates the 3D image. Figure 9.2 shows the
transmission as a function of time of one of the scattering shutters. The shutter exhibits 88%
transmission in the clear state, 2% transmission in the scattering state, and switches from clear to
scattering in 0.39 msec and from scattering to clear in-0.08 msec. The application of an appropriate
anti-reflection coating can increase the clear state transmission to over 96% giving an overall MOE
transmission of 44%.

If image slices are transferred to the DepthCube’s framebuffer without special processing the
resultant image will look like a stack of 2D slices rather a single continuous 3D image. To eliminate
the appearance of depth discontinuities we have developed the technique of multiplanar anti-aliasing.
Antialiasing is achieved by using. the fractional portion of the depth value transferred to the
framebuffer to compute the proportion of the given RGB brightness to assign to the adjacent planes
of the display. For example, if-a given pixel is transferred to the DepthCube with a z value of 5.25,
75% of the given RGB brightness will be written to the memory location associated with that pixel
in plane 5 and 25% will-be written to the same pixel in plane 6. This process is similar to
conventional anti-aliasing used to smooth the “jaggies” in lines in 2D images.

The effectiveness of the multiplanar anti-aliasing in reducing the level of perceived discontinuity
of the resultant 3D image is difficult to overstate. For images having large continuous shapes the
image looks .completely smooth out to large off-axis viewing angles (~45°). For fine lines like those
associated with wire frame images multiplanar anti-aliasing is very effective to an on-axis viewer
and degrades gradually as viewing angle increases. Multiplanar anti-aliasing effectively leverages
the subtle character of visual perception to synthesize perceived depth planes between the physical
planes of the display. This gives a 32-fold increase in the perceived number of planes with the result
that the commercial DepthCube system has 465.7 Million perceived voxels.

By its very nature the 3D images in the DepthCube Display System have all of the depth cues
found in viewing real objects thereby giving rise to the phrase “true 3D display”. Unlike stereoscopic
and autostereoscopic displays, the DepthCube maintains the normal relationship between eye
focusing and convergence to produce a very comfortable and natural 3D viewing experience. The
DepthCube Display System also provides both horizontal and vertical parallax. The 3D images can
be viewed from any distance over a wide field of view (~90°) by a large number of viewers, each
with the appropriate perspective. Unlike other volumetric displays the DepthCube has no rapidly
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spinning parts, and the rectilinear Cartesian geometry of the DepthCube allows the entire display
volume to be used without image distortion or obstruction.

Images in the DepthCube Display System can be either solid textured surfaces, translucent
textured surface with background surfaces visible at the appropriate depth, wireframe images, or
complete volumetric datasets in which a significant number of display voxels are activated. In all
cases the images are truly three-dimensional and provide an automatic and intuitive understanding of
the data.

The development of the DepthCube Display System represents a significant breakthrough in
three-dimensional visualization as well as an important advance in display technology. The
DepthCube Display System technology is capable of producing high resolution, three-dimensional
images from existing software that provide natural eye focusing and convergence, as well as both
horizontal and vertical parallax. The 3D images are full color, have a large number of simultaneously
addressable voxels, and are visible over a wide field of view.

Multiplanar
Optical
Computer HighSpeed Element

Projector
E:' Buffer

1[Il
M o

Figure 9.1. Schematic diagram of the DepthCube 3D Display System [11].
(Permission for Reprint, courtesy Society for Information Display)
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Figure 9.2. Transmission vs. time of PSCT shutter [11].
(Permission for Reprint, courtesy Society for Information Display)

Vocabulary Notes:

DLP projector (Digital Light Processing) — mpoektop ¢ 1udpoBoii 06paboTKoii cBeTa
multi-planar — MyIbTHILTAHAPHBIH

solid-state — TBepiOTENBbHBIN; MOHOJIUTHBIH

anti-aliasing — crmaxxuBanue, yCTpaHEeHHE KOHTYPHBIX HEPOBHOCTEH

air-spaced — ¢ BO3IyIIHBIMU TPOCIIOHKaMHU

electronically variable — ¢ anexTpoHHO# HACTPOWKOI
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clear state — mpormyckaroiiee COCTOSHHUE; MPO3PAYHOE COCTOSHUE

scattering state — pacceuBaroiee COCTOSHHE

RGB (Red, Green, Blue) — kpacHblii, 3¢/I€HBIN, CHHUI — TPH 1IBETA, UCIIOJIb3yeMbIC B
TENIEBUICHHUH JIJISI [IEPEIavi BCEX OCTAIBHBIX [[BETOB

proportion of given RGB brightness — nonst nannoit spkoctu B kaHanax R, G, B
jaggies — HepoBHOCTH (TIpH U300PAKESHHUH JIMHUIA HA JUCILIIEE)

wireframe images — kapkacHble H300paKCHHSI

leverage — (B 1aHHOM Clly4yac) UCIIOJIb30BATh

solid textured surface — crutomiHast TeKCTypHpOBaHHAs TIOBEPXHOCTh

translucent textured surface — noaynpo3pauHasi TEKCTYpUpOBaHHAas TOBEPXHOCTh
voxel — volumetric pixel — Bokceir; 00beMHBI# THKCEITH

subtle — ToHKH#; XUTPOYMHBII

Active Vocabulary:

volumetric — oObeMHBII

slice — Tonkuit cioi

stack — mabop

shutter — o6TrOpaTOp

exponential increase — sKCIOHEHIIMATIBHBII POCT

proprietary — mareHTOBaHHBII

smooth — criaxuBarth; BBIPABHUBATh

in conjunction with — BmecTe ¢

fractional portion — npoGHast 4acTh

assign — Ha3Ha4yaTh; IPUCBAUBATH

overstate — nmpeyBenuuuBaTh

Spin — KPyTUTBCS

obstruction — nmomexa; nmpensTCTBUE

rear projection — mpoexIus Ha MPOCBET

anti-reflection coating — anTHOTpakaTeIbHOE OKPHITHE; AHTHOINKOBOE MOKPBITHE
transmission — mpomnyckanue (cBera)

framebuffer — xaapossrit Oydep

Cartesian geometry — kapre3uanckas (eKapToBa) reOMeTpHs

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

=

What kind of projection is used in the Depth Cube 3D display?

Why is multi-planar anti-aliasing needed in Depth Cube 3d display system?

3. What transmission values would be ideal for LC scattering shutter in the clear state and in the
scattering state?

What switching time would be ideal for LC scattering shutter?

What advantages does the Depth Cube 3D display have over stereoscopic and autostereoscopic
displays?

6. How is it possible to increase the clear state shutter transmission?

no

SN

VOCABULARY EXERCISES

I. State the part of speech of the following words pointing out the word-building elements.
Give their Russian equivalents.
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Plane — planar; project — projectile — projector — projection — projective; exhibit — exhibiter —
exhibition — exhibitional — exhibitive; transmit — transmission — transmittance — transmitter; nature
— natural — naturalism — naturalist — naturalistic — naturality — naturalization — naturalize; visual —
visuality — visualization — visualize — visualizer.

I1. Make nouns and adjectives from each of the verbs in the table.

Verb Noun Adjective

relate

compute

add

process

vary

specify

I11. Use the correct form of the word in capitals at the end of each sentence to fill the gap.

1. The strength of plane transfer mode is that the Depth Cube can ..... at nearly real-time rates.
UPDATE

2. Using block transfer mode, the value for every voxel in the display ..... to the frame buffer.
TRANSFER

3. The memory manager ..... two 8-bit operations for each pixel. PERFORM

4. Anti-aliasing, if any, ..... by the computer. MUST, PERFORM

5. The MOE acts as an ..... variable solid-state projection volume and creates the 3D image.
ELECTRONICS

6. The performance specifications of the current Depth Cube commercial system ..... in table 1.
SHOW

7. The author wishes to acknowledge the generous support of the ..... in Vizta 3D, Inc. INVEST

8. The high-speed video projector is based upon the ..... DLP technology of Texas Instruments.
REVOLUTION

9. Theresultis an ..... spaced, 3D array of voxels. EVEN

10. Unfortunately, these images ..... the correct eye focusing and convergence cues. NOT,
CONTAIN

11. The first commercial Depth Cube product ..... some years ago. LAUNCH

1VV. Combine the words in bold with those in brackets. Translate the combinations into
Russian.

subtle (~ perfume, texture, policy, mind, senses, observer, remark, irony, charm, power, device,
fingers, art, enemy)

processing (special ~, chemical, data, heat; ~ equipment, industries)

create (~ drama, theory, system of philosophy, army, illusions, mood, feeling)

allow (~ sb to do sth, sb spending money; ~ argument)

analyse (~ carefully, profoundly, chemically, scientifically, logically)

campaign (electoral ~, propaganda; against sth)

develop (~ business, memory, mind, melody; ~ rapidly, normally; ~ case, plans, attack
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V. Match the words in column A with their meanings in column B.

A B

smooth adj substance like water or oil that flows freely
enormous adj manufacture, make, create

effective ad] near to the beginning of a period of time
liquid n changeable

variable adj free from roughness

early adj making a striking expression

produce v happening or done at the same time
simultaneous n very great

V1. Fill in the gaps in the sentences below using words from column A of Exercise V in the
correct form.

1. The author thanks Vizta 3D, Inc. for funding the ..... phase of the development of the Depth
Cube technology. 2. The Depth Cube Display System technology is capable of ..... high resolution,
3-D images. 3. The 3D images are full color, have a large number of ..... addressable voxels, and
are visible over a wide field of view. 4. Multi-planar algorithms ..... the appearance of image slices.
5. The children were suffering from the ..... of the hot weather.

6. The town has changed ..... . 7. They have ..... reasons not to go there.

VI1. Arrange the words given in a. and in b. in pairs of synonyms.

a. Scatter, speed, aim, recently, stop.
b. Goal, lately, disperse, halt, velocity.

VI11. Arrange the words given in a. and in b. in pairs of antonyms.

a. Solid, gather, high, increase, slow.

b. Scatter, reduce, liquid, rapid, slow.

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

OObeMHBI, TBEPAOTENbHBIN, MYJIbTUIUIAHAPHBIA, TPO3pPavyHOE COCTOSIHHE, pPAacCEHMBaIOIIee
COCTOsIHUEC, YXyAIIaTbCHd, 10-KpaTHOC YBCJIMNYCHUC, Z—)KCHOHCHL{H&J’ILHHﬁ PoOCT, OFpOMHLIfI,
TPEXMEPHBIN JUCIUIEH, CTIa)KUBaTh, HENIPEPHIBHBIN.

X. Give the Russian equivalents for the following.

Overall transmission, depth discontinuities, rectilinear, textured surface, field of view, scattering
state, anti-reflection coating, solid state, a high speed projecto, anti-aliasing.



98

PRACTICE

I. Translate the following noun groups into Russian.

depth Cube 3D Display System
electronically controlled projection volume
wireframe images

on-axis viewer

background surface

high speed projector

solid state physics

liquid crystal

scattering shutters

image slices

anti-reflection coating.

I1. Correct the wrong statements using the following as phrase openings: on the contrary, |
don’t believe that, to my mind, it is considered that.

1. The development of the Depth Cube Display System doesn’t represent an important advance in
display technology.

2. The 3D images are colorless.

3. The Depth Cube has rapidly spinning parts.

4. The rectilinear Cartesian geometry of the Depth Cube allows the entire display volume to be

used only with image distortion.

The Depth Cube Display System provides only vertical parallax.

In the Depth Cube Display System the images are two-dimensional.

7. The MOE is a stack of 10 air-spaced liquid crystal scattering shutters.

o u

111. Read the text and render itin Russian.**

3D information is acquired by the human visual system in two forms: psychological depth cues
and physical depth cues. Psychological depth cues, such as forced perspective, shading, shadows,
occlusion are the only depth cues found in viewing a 3D scene on a 2D display; they can even be
created by hand on a piece of paper. On the other hand physical depth cues, such as ocular
accommodation (changes in eye focusing), convergence (both eyes point toward a point in space),
disparity (a slightly different perspective image in each eye), and real motion parallax (image look-
around), are 3D cues that cannot be created on conventional 2D monitors.

The ‘leading technologies for creating low cost, low performance 3D perception exploit
stereopsis in a stereoscopic or autostereoscopic display. These displays use special eyewear or
optical elements on top of LCDs to create slightly different perspective views in each eye.
Unfortunately, these images do not contain the correct eye focusing and convergence cues. In the
case of many autostereoscopic LCD technologies, there may also severe viewing position
restrictions; if you are not is the precisely correct location you see a highly confusing image.

Vocabulary Notes:

% The text was adopted from “DepthCube Technology White Paper  of LightSpace Technologies, Inc. [12] (Courtesy
of LightSpace Technologies, Inc.).
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to acquire — mosry4yaTh

forced perspective — HeecTecTBEHHAsI IEPCIICKTHBA

occlusion — nperpaja; nperpakaeHue

ocular accommodation — ria3Has akKOMOAAIHs

disparity — nqucnapaTHOCTH

look-around capability — BoamoxHOCTE BUIETh OOBEKT B JIIOOOM pakypce
on top of LCD — moBepx KK/

perspective view — nepcreKTUBHOE U300paKeHHE

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

The first commercial DepthCube product, the DepthCube 21024 3D Display, was launched at
the SuperComputer2002 tradeshow in 4Q’02 and significant production began in 3Q’03. A
photograph of the DepthCube 21024 is shown in figure 3. The Z1024 produces 15-bit color images
with a 3D resolution of 15.3 million voxels (1024 x 748 x 20). The front diagonal dimension is
equivalent to a conventional 20 inch computer monitor and the Z1024 has an appearance similar to
a conventional 21 inch CRT monitor.

Using multi-planar anti-aliasing increases the perceived voxel count by a factor of 32 resulting
in a extraordinary perceived voxel count of over 465 million voxels, by far the world’s highest
perceived resolution. The volume refresh rate of the display is 50 volume images per second (100
interlaced volumes per second) and the image update rate is better than 15 images per second
resulting in near real-time interactivity.

Figure 9.3. Photograph of a commercial DepthCube 3D Display [11].
(Permission for Reprint, courtesy Society for Information Display)

Vocabulary Notes:
tradeshow — nmpoMbInICHHAs BRICTABKA

appearance — BHEIIHUM BUT
perceived voxel count — uTOroBoe YMciIO BOCIPUHUMACMBIX BOKCEIIOB

% The text was adopted from “DepthCube Technology White Paper  of LightSpace Technologies, Inc. [12] (Courtesy
of LightSpace Technologies, Inc.).
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volume refresh rate — vactora 06GHOBICHHS H300paKEHHS B 00BEMHOM Cpejie TUCTLIES
interlaced — yepeccTpouHsbIit
image update rate — gactora OOHOBJIEHHS H300PAKECHHUS

V. Translate the following text into English.*

Tpexwmepnsiit aucmeir DepthCube co3gaer nonHOUBETHBIE 00bEMHBIC H300PaXKEHHUST BHICOKOTO
KauecTBa, O0OECIEeYMBAIOLIME 3pUTEIS BCeMH (PU3MUYECKUMH U TCHUXUYECKUMHU (aKToOpaMu
MIPOCTPAHCTBEHHOTO 3pEHUS, KOTOPbIE UMEIOT MECTO MPHU HAOIIOJEHUN PEealbHOTO 00BEKTa. ITOT
JUCIUIEH YCTpaHsAeT 3pUTENbHOE YTOMJICHHE U OrpaHWYCHHE IMOJIOKEHHUS 3pUTeNs, MPHUCYIIe
CTEPEOCKONMMYECKUM JAUCILICHHBIM TEXHOJIOTHSIM.

Tpexmepnsiii gucrieit DepthCube npencrasiser co60ii 00bEMHBIH KOMITBIOTEPHBIA MOHUTOP C
MPOSKIMEH Ha MPOCBET, B KOTOPOM OOBIYHAS MPOCKIIMOHHASI TIOBEPXHOCTH 3aMEHSETCS 00BEMHON
MPOEKIIMOHHOW  cpeloli, Ha3pIBAEMON MYIbTUIUIAHAPHBIM  ONTHYECKHM . DJIEMEHTOM. JTa
MPOSKIIMOHHAS Cpella COCTOUT M3 Habopa ONTHUYECKHUX SJEMEHTOB C 3JICKTPOHHBIM YITPABJICHUEM,
YTO JellaeT BO3MOXKHBIM ~ CO3JaHME€ OOBEMHBIX M300paKEHUU, PEATbHO  3aMOJHSIONIUX
MPOCTPAHCTBO. Pe3ynbraroMm sBisieTcss M300pakeHHWE ¢ pPealbHOM TIIyOWHOW M BO3MOXKHOCTHIO
HaOIoIeHus B JTIOOOM pakypce.

BBICOKOCKOPOCTHOW BHICONPOSKTOP HAa OCHOBE PCBOJIONUOHHONW TEXHOIOTHH MH(PPOBOIA
00paboTKu cBeTa OT KoMIaHum 1exas Instruments crocoben co3maBath 1500 KayeCTBEHHBIX
KaIpoB B CcekyHay. OH mMpoenupyer IOCIEeIOBATSILHOCTh ITOJIHOIBETHBIX TOHKHX CIIOCB
TPEXMEPHOro H300paKEeHUs Ha MYJIbTUIIAHAPHBIM ONTHYECKUI JJIEMEHT, TIe KaKIbIA CIOU
oToOpakaeTcss Ha COOTBETCTBYIONICH IIyOWHE. Pe3ymbTaToM SBISETCS AKBHIAWCTAHTHBIN
TpEeXMEpHBI MAaCCHB BOKCEJIOB, IPUUYEM KaXXJIOMy BOKCEIy MOXKHO MPUCBOHUTH MPOU3BOJIbHOE 15-
OWTHOE 3HAYCHUE IPKOCTHU U I[BETA.

Vocabulary Notes:

full color — momHoNIBETHBIIH

3D vision cues — ¢pakTopbl MPOCTPAHCTBEHHOT'O 3PECHHS

eliminate — yctpausTh

eye fatigue — 3putenpHOE yrOMIEHHE

look-around capability — Bo3MOXHOCTH HAOIIOICHUS B TFOOOM paKypce

be halted at the corresponding depth — oToOpaskaTbcst Ha COOTBETCTBYIOIIEH TITyOHHE
evenly spaced — SKBUIHCTaHTHBII; PABHOOTCTOSIIHIA

each voxel capable of being set to — kaxxmoMy BoKcelly MOKHO TIPHCBOUTD

arbitrary — mpou3BOJIbHBIN

V1. Divide the main text into parts and make the one-sentence summary of each part.

VI1l. Render the main text in English.

VI11. Topics for discussion.

1. True 3D display concept.

% The text was translated from “DepthCube Technology White Paper ” of LightSpace Technologies, Inc. [12] (Courtesy
of LightSpace Technologies, Inc.).
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How could you define the term ‘true 3D display’? Is it the display which produces images
indistinguishable from those viewed when looking at real objects? What kind of 3D display
technologies (stereoscopic, holographic, volumetric) seems today to be closer to true 3D display
concept? Supply your viewpoint with arguments.

2. Video projector performance.
Why is it so important that projector used in DepthCube 3D display had very high frame refresh

rate? Should its refresh rate be higher than refresh rate needed for conventional flat images
projection? Why?
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UNIT 10
SWEPT-SCREEN VOLUMETRIC DISPLAY

READING

I. Read the following words paying attention to pronunciation.

Reciprocate [r1'siprokert], multiplanar [malti'pleina], vapor ['veipa], sequence ['sitkwans],
aggregate ['aegrigit] — aggregate ['aegrigeit], helix ['hi:liks], imagery ['tmidzari], various
['vearias], utilize [‘jurtilarz], series ['s1arizz], constitute ['kpnstrtu:t], = visualization
[vizualar'ze1fan], therefore ['deafa:], legacy ['legasi], persistence [pa'sistans], core ['ko:], ensure
[1n'fua], accurate ['aekjurat], stationary ['steifanari], extensively [1k'stensivli], hover [‘hova],
continuum [kan'tznjuam], translucent [trans'luzsant], obviously ['pbviasli].

I1. Try to guess the meaning of the words in bold type.

vapor (AmE) = vapour (BrE) n a mass of very small drops of liquid in the air, for example steam:
water vapor/ Poisonous vapors burst out of the factory during the accident./ Warmer air is able to
hold more water vapor than cold air.

rotate v to turn or make sth turn about an axis like a wheel: Stay well away from the helicopter
when its blades start to rotate./ The satellite slowly rotates as it circles the earth./ The earth rotates
360 degrees every 24 hours.

slice n thin wide flat piece cut off an item of food: cut the bread into thick slices/ lemon slices/
‘Some films are slices of life; mine are slices of cake’ (Alfred Hitchcock)/ These displays of human
body slices represent a rare look into the amazing and complex structure of the human body
(Museum of Science and Industry).

constitute v make up or form; be the components of: Nuclear weapons constitute a very real threat
to world peace./ Female workers constitute the majority of the labor force./ Twelve months
constitute a year.

stack up phr v informal arrange things so that they stand one on top of another; put things so that
they are standing together: A sequence of CT scans are mentally stacked-up to constitute a patient’s
(3-D) anatomy./ Melanie stacked up the plates and carried them to the sink./ He stacked up a few
rows of stones./ Idea of the game is to stack bricks up in such a way that bricks of the same type
form columns, rows, or diagonals of three or more items.

aggregate n the total of several things or numbers: Snowflakes are loose aggregates of ice crystals./
Arsenal won only two of the three games, but got through to the final on aggregate (adding together
all their goals)./ Multiplanar displays present an aggregate of surfaces over time which the eye
integrates into a volume-filling image.

helix n a shape like a spiral or a line curved around a cylinder or cone: Some biological molecules
have the form of a helix./ A corkscrew is the shape of a helix./ Swept-screen multiplanar displays
use a spinning projection screen, typically a plane or a helix.

rare adj seldom done, found, or occurring; uncommon, unusual: This is one of the rarest plants in
the collection./ He has a rare talent for managing people./ a rare disease/ a rare occurrence/ a rare
sight.

dopant n an impurity added usually in minute amounts to a pure substance to alter its properties:
The ability to analyze single dopant atoms could help engineers squeeze further power out of
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conventional computer systems. The amount of dopant is usually measured in atomic percent./ It is
found that photoluminescence properties are sensitive to the crystal structure which is controlled by
surface coating and dopant concentration.

entire adj whole, complete: | have wasted an entire day on this./ We are in entire agreement with
you./ The railroad enables distribution across the entire North American Continent.

similar adj resembling sb or sth but not the same; alike: We have similar tastes in music./ Gold is
similar in color to brass./ The two houses are similar in size.

compatible adj suited; that can exist together: The platform is based on an open standard and is
therefore compatible with a range of legacy applications./ compatible blood groups/ Are measures
to protect the environment compatible with economic growth?/ This computer program isn’t
compatible with this operating system./ This printer is compatible with most microcomputers.
properly adv in a way that is correct and/or appropriate: Make sure the letter is properly addressed.
He was never properly trained, so you can’t really blame him if he can’t do the job./ Do it properly
or don’t do it at all.

range n group or series of similar things; selection or variety: have a wide/narrow range of
interests, etc/ The new model comes in an exciting range of colors./ The hotel offers a wide range of
facilities./ There is a broad range of opinions on this issue.

arrange v put sth in a particular order: Here is the list arranged chronologically./ The books are
arranged alphabetically by author./ Everything has to be supervised and arranged in advance.

core n a central and often foundational part; centre of such fruits as the apple or pear, containing the
seeds: the earth’s core/ Although the acting and scripts are excellent, the real core of the film is its
ecological message./ These 2,500 words form the core of the language./ Human persistence of
vision is capable of integrating a series of 2-D slices — arranged like slices of an apple around its
core — into a volume-filling 3-D image.

hover v stay in the air in one place: There was a helicopter hovering overhead./ A hawk hovered
over the hill./ A 3-D image will be perceived to hover in the addressable region swept by the
projection screen.

relay v receive and pass on: TV pictures of the war were relayed around the world by satellite./
Rose immediately relayed news of the accident to her boss. A group of three mirrors relay the
imagery to the rotating screen.

I11. Skim the text quite quickly to get a general understanding and answer the questions
given. Consult the vocabulary after the text.

What does the text discuss?

What does the 3-D display system represent?
What ways to create volumetric imagery exist?
What kind of multiplanar displays are there?
What is-a slice?

arODE

SWEPT-SCREEN VOLUMETRIC DISPLAY?

There are several ways to create volumetric imagery. Some researchers have created vector-
scanned 3-D mages within various vapors or glasses, and often refer to these architectures as solid-
state displays. Other volumetric displays, called multiplanar displays, utilize a rotating or
translating projection surface which receives a series of 2-D cross-sections, or "slices,” of a 3-D
image. The series of slices constitutes a full 3-D image, just as a sequence of CT scans are mentally

%7 The text was adopted for language learning purposes from preprint of the original paper of G.E.Favalora, J.Napoli,
D.M.Hall, R.K.Dorval, M.G.Giovinco, M.J Richmond, W.S.Chun, “100 Million-voxel volumetric display” [13].
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stacked-up to constitute a patient's (3-D) anatomy. Multiplanar displays present an aggregate of
surfaces over time which the eye integrates into a volume-filling image.

There are several types of multiplanar displays. Swept-screen multiplanar displays use a
spinning projection screen, typically a plane (as in this example) or a helix. Reciprocating-screen
multiplanar displays have a projection surface that translates back-and-forth. Note that the screen
need not be physical. It can be an electronically-switched optically-diffuse surface or a macroscopic
"surface” comprised of rare-earth dopants in a metastable state.

Note that the definition of "slice™ bears discussion. If the projection screen is swept around its
center, it sweeps an entire volume in just 180° of rotation. Therefore the volume refresh rate (in Hz)
is twice the screen's rotation rate (in rps). Here, a slice is defined a 2-D cross-sectional surface of
the 3-D dataset; for our 198-slice display, there are approximately 1.1 slices per degree. Also note
that the 198 slices that comprise 0°-180° ("front-scan") are different than the 198 slices from 180°-
360° ("back-scan"), even though care is taken to make them as visually similar as possible.

The design of the 100-million voxel volumetric display presented here has been described in
detail elsewhere; this is a system-level summary and report of results achieved. The authors have
developed a visualization platform that is a combination of hardware and software:

e Hardware: 768 x 768 x 198 volumetric 3-D display.

e Software: Development of a 3-D "operating system" or, more properly, visualization
platform. At the time of writing, the platform is based on an open standard (OpenGL) and is
therefore compatible with a range of legacy applications.

The theory of operation is that human persistence of vision is capable of integrating a series of
2-D slices — arranged like slices of an apple around its core — into a volume-filling 3-D image. As
illustrated in Fig. 10.1, a high-speed 2-D projection engine images a time series of approximately
5,000 frames per second onto a diffuse projection screen which rotates at 730 rpm. A group of three
mirrors relay the imagery to the rotating screen in a manner that ensures accurate focus regardless
of the screen's angle. That is, a sequence of 2-D images is projected onto a rotating screen by a
stationary projector via several relay mirrors.

Each 2-D slice is a cross-section of a 3-D dataset, as explained earlier. As has been reported
extensively in the past 40 years, if the sequence of slices is projected rapidly, a 3-D image will be
perceived to hover in the addressable region swept by the projection screen. Unlike panoramagrams
(frequently called "autostereoscopic displays™), the image can be seen at any of a continuum of
locations around the display without the restriction of discrete viewzones and the dark patterns they
create. The reason is that the projector illuminates the screen with cross-sections of a dataset, not
snapshots normal-to the screen. However, because the screen is essentially a Lambertian diffuser,
each voxel appears to emit omnidirectionally. Therefore, images are perceived to be translucent,
and hidden-surface removal is not possible without knowledge of the viewer's position. Obviously,
no headwear is required to view the 3-D imagery, and all focus (accommodation) and parallax cues
are correct.

The system software allows the display to be integrated easily into existing applications and
workflows. In particular, the software platform incorporates Mesa, the open-source graphics library
similar to OpenGL. Simply put, this implies that (1) developers have a familiar programming
interface, and (2) the display functions in real-time. For example, the user can rotate a DNA
molecule at-will, or pilot a helicopter over synthetic animated terrain with a standard joystick.

The volumetric display's projector is based on the Texas Instruments Digital Mirror Device
technology, which utilizes a MEMS-based reflective array to create single-bit-depth frames at
approximately 5 kHz. The system uses a 3-SLM projection engine, which uses a color-mixing prism
to combine R, G, and B image components with 1-bit depth each. Please refer to Fig. 10.2, which
illustrates a simplified optical system.
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A standard high-pressure mercury arc lamp illuminates a 3-SLM projector via an integrator rod
and condensor lenses. The image of the SLMs is projected onto a custom projection screen that (1)
approximates a Lambertian diffuser, and (2) has approximately 50/50 reflectance and transmission
properties. The image is projected through the center of an openframe DC motor that rotates the
final fold mirrors and the screen. Unfolding the optical path reveals that the SLMs throw an image
at a 45° angle onto the screen. Therefore, additional optics (proprietary; not shown) is required for
good focus across the screen. Real-time algorithms are used to counteract the effects of (1)
keystoning, and (2) rotation of the SLM image in the plane of the projection screen.
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Figure 10.1. Schematic illustration of the volumetric 3-D display and a photograph of the display in
operation [13]. (A fast projection engine illuminates a rotating projection surface via several relay
mirrors which rotate with the screen. The projector and control electronics and fixed. The imagery

is of a DNA helix and nearby protein from a popular molecular visualization package).
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Figure 10.2. Simplified (schematic) layout of optical assembly [13].
(Some components are not shown).
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Vocabulary Notes:

vector-scanned images — u3o0pakeHusl, IoJTy4aeMble ITyTeM BEKTOPHOI'O CKAaHUPOBAHUS
solid-state — TBepAOTEIbHBIN; MOHOJUTHBIH

multiplanar — mysbpTHIIIIAHAPHBI#

CT (Computer Tomogtaphy) — kommbroTepHas Tomorpadus
swept-screen display — gucrieii ¢ BpaIiarmuMcs SKpaHOM

dopant — nerupyrorias cMech

rps (revolutions per second) — 060pOTOB B CEKYHIY

rpm (revolutions per minute) — 060poTOB B MHHYTY

fps (frames per second) — kaapoB B CEKYHIY

panoramogram — maHopaMorpamMmma

viewzone — 30Ha HaOJIIOICHUS

Lambertian diffuser — namGepToBCKMit paccenBaTemb

DNA (deoxyribonucleic acid) — ne30xcupuOOoHyKICHHOBAsI KHCIOTA
MEMS (microelectromechanical systems) — MHKpO3JIeKTpPOMEXaHUYECKUE CUCTEMBI
DMD (digital mirror device) — iudpoBoe 3epKaabHOE YCTPOWCTBO
parallax cues — npu3Haku riryOuHbI, CBA3aHHBIC ¢ 3()(EKTOM Mapajiakca
single-bit-depth frame — kanp ¢ rmyouHoii 1iBera 1 OUT

SLM (spatial light modulator) — mpocTpancTBEHHBIN MOIYJISITOpP CBETA
mercury-arc lamp — prytHas ayrosas Jiamra

integrator rod — cTep>KHEBOI HHTETPaTOP

open-frame — 6eckopIyCHbIi

DC motor (direct current) — 31eKTpoABUTraTelb MIOCTOSTHHOTO TOKA

fold mirrors — HampassroIMe 3epKaa

keystoning — tparerueBUIHOE HCKAKEHNE

Active Vocabulary:

imagery — BusyasbHas HHQOpMaIUs; COBOKYITHOCTh U300paXKeHUit; 00pa3bl
aggregate — COBOKyIHOCTb

reciprocate — coBepiiaTh BO3BPaTHO-IIOCTYIATEIbHBIC TBHKECHUS

relay — mepenaBath; TPaHCIUPOBATH

regardless of — nesaBucumo OT

hover — naputh; HEMOABMIKHO 3aBUCATh B BO3IYyXE

addressable - anpecyemprit

translucent - momynpo3payHslit

fold — crubath; cBOpauMBaTh; 3aBOpAYMBATH

counteract — poTUBOACHCTBOBATh; HEUTPATH30BATh

omnidirectional — gelicTByIOMIHIT MO BCEM HaNPaBICHUSIM

persistence — HHePIMOHHOCTh

helix — ciupasb; BUHT

snapshot — MOMEHTaJIbHBI CHUMOK

diffuse — pacceuBath (cBeT)

relay mirrors — 3epkaia-peTpaHCIITOPBI; 3epKaia epeHoca (M300pakeHus)

IV. Read the text attentively for detail and answer the following questions.
1. Is volumetric display presented here swept-screen or reciprocating-screen display?

2. Why is the volume refresh rate (in Hz) in the presented display twice the screen’s rotation rate
(in rps)?
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Is the projector stationary or rotating in unison with the screen?

What advantage does presented display have over autostereoscopic displays?

Does the projector illuminate the screen with cross-sections of a dataset or with snapshots
normal to the screen?

6. Why images produced by presented display are translucent?

oW

VOCABULARY EXERCISES

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

Entire — entirety — entirely; similar — similarity — similarly; vaporize — vapor — vaporization —
vaporous — vaporously; utilize — utilization — utilizable; reciprocate — reciprocation — reciprocal;
rotate — rotation — rotator — rotational; constitute — constitution — constitutional; sequence —
sequential — sequentially; typify — type — typical — typically; physics — physician — physicist —
physical; define — definition — definite — definitely; approximate — approximation — approximately;
summarize — sum — summary; arrange — arrangement; regard — regardless; extend — extension —
extent — extensive; address — addressee — addressable; continue’ — continuity — continuum —
continuous — continuously; rare — rarity — rarely.

I1. Make nouns and adjectives from each of the verbs from the table.

Verb Noun Adjective

create

vary

visualize

approximate

refer

constitute

present

define

persist

explain

locate

remove

utilize

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

It had the dusty smell of an apartment whose windows were ..... opened. RARE
Visits by presidential candidates are a ..... here. RARE

The film should be shown in its ..... or not at all. ENTIRE

Towns are only a few miles apart can have ..... different dialects. ENTIRE
They are both doctors but that is where the ..... ends. SIMILAR

Typically the imagery can be seen from a wide ..... of angles. VARY

There are several ways to create ..... imagery. VOLUME

I am writing to you with ..... to your letter of 15 March. REFER

N~ WNE
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9. Their debts mounted with alarming ..... . RAPID

10. Make yourself ..... for the interview. PRESENT

11. We could see the ..... of clouds on the river. REFLECT

12. This part of the form is not ..... to foreign students. APPLY

13. They have ..... ignored our advice. PERSISTENCE

14.1In ....., this was a disappointing performance. SUMMARIZE

15. Shevek is a brilliant ..... working on a Theory of Simultaneity. PHYSICS

16. This seemed to me to show Wikipedia’s growing role as an ..... knowledge base.
ADDRESS

1VV. Combine the words in bold with those in brackets. Translate the combinations into
Russian.

property (chemical ~, magnetic, mechanical, physical, antiseptic, observable, individual, general;
reflectance ~, transmission)

reveal (~ ignorance, truth, secret, facts, cause, plans, hidden skills, emotion)

utilize (~ extensively, fully, effectively, successfully; ~ resources, solar energy, criteria, material,
tools, power)

simplify (~ considerably, slightly; ~ system, laws, procedure, preparation, demands, tasks, version)
sequence (complete ~, whole, complex, correct, alphabetical, chronological, logical, random; ~ of
slices, of events)

translucent (~ image, wings, skin, materials, paper, glass)

removal (complete ~, temporary, effective, immediate, easy, surgical; stain ~, hair; demand ~,
allow, facilitate, prevent)

ensure (must ~, aim to, try to, take steps to, be designed to, help (to), be important to; attempt to ~,

efforts to ~, measures to ~; ~ accurate focus, safety, defense, efficiency, success, survival, good
results)
arrange (~ easily, hastily, secretly, specially, alphabetically; ~ meeting, visit, trip, work, furniture,
people)

compatible (~ star signs, people, aims, plans, functions, responsibilities; seem ~; highly ~, entirely,
fully, directly, logically, technologically)

create (~ imagery, fashion, problems, impression, universe, music, graphs, atmosphere, style)
surface (~ projection, level, layer, temperature; even ~, flat, smooth, rough, curved, firm, soft,
slippery, glassy, polished, reflective, inner, water, rock, earth’s; rise to ~, bring sth to, scratch,
touch; above the ~, along the, below the)

discussion (detailed ~, lengthy, brief, further, public, formal, informal, group, frank, open, heated,
lively; have ~, hold, enter into, be involved in, join in, participate in, initiate, stimulate)

rate (rotation ~, volume refresh, transmission; constant ~, regular, steady, slow, phenomenal, high;
increase ~, reduce, slow down, stabilize, maintain)

care (extreme ~, good, extra, special, due, proper, reasonable; exercise ~, take)

within (~ vapors, month, 20 meters, sight, reach, New Zealand, law, reason, the last few days)
summary (accurate ~, clear, excellent, detailed, full, brief, financial, statistical; make ~, prepare,
write, give, provide)

development (gradual ~, rapid, commercial, economic, industrial, evolutionary, historical, regional,
human, educational, psychological, physical, software; aid ~, allow, assist, encourage, enhance,
facilitate, stimulate, monitor, trace; ~ plan, programme, project, scheme, work, process)

restriction (severe ~, major, further, artificial, proposed, legal, age, parking, price, speed, time,
visa, travel; impose ~, introduce, accept, be subject to)

V. Match the words in column A with their meanings in column B.
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restriction n without being affected or influenced by sth
within prep different from

solid adj make it certain that sth will happen

reciprocate v

inside the range or limits of sth

regardless of adv

move quickly and with a lot of force
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unlike prep correctly, or in a way that is considered right

mental ad] flow of operations

sweep v suggest that sth is true, without saying this directly
care n hard or firm, with a fixed shape, and not a liquid or gas
properly adv make known sth that was previously secret or unknown
ensure v a rule or law that limits or controls what people can do
workflow n effort and attention

reveal v move backwards and forwards in a straight line

imply v relating to the mind and thinking, or happening only

in the mind

V1. Fill in the gaps in the sentences below using words from column A of Exercise V in the
correct form.

1. The high level of radiation in the rocks ..... that they are volcanic in origin. 2. All the necessary
steps had been taken ..... their safety. 3. He questioned whether the experiments were conducted
..... . 4. His letters ..... a different side of his personality. 5. Recent business studies have shown an
increasing need for some kind of ..... management software to enable more efficient ...
management. 6. Salt ..... in the diet can help lower blood pressure. 7. The ..... steam engine came
into its own (became very useful) during the nineteenth century, when it found greatest use in mills,
locomotives and pumping systems. 8. I.can see that a lot of ..... has gone into your work. 9. The
ability to maintain physical and mental powers has allowed some individuals to pursue their chosen
careers ..... their age. 10. Because the glow fades almost immediately, the electron beam must
continue ..... the screen to maintain an image. 11. ..... relativity theory, quantum theory is
beginning to have a really significant impact on technology. 12. When they make new observations
and discuss with colleagues, they are ..... developing. 13. During winter the lake became a .....
block of ice. 14. The machine is not being operated ..... safety guidelines.

VI1. Arrange the words given in a. and in b. in pairs of synonyms.

a. Helix, utilize, ensure, rapidly, location, various, range, essentially, hover, obviously, imply,
property, counteract, therefore, within, slice, constitute, aggregate, properly.

b.- Basically, indicate, form, total, guarantee, spiral, place, sphere, apparently, adequately, reduce,
inside, use, fast, thus, layer, different, hang, quality.

VI11. Arrange the words given in a. and in b. in pairs of antonyms.

a. Approximate, surface, familiar, simplify, reveal, diffuse, entire, care, stationary, obvious,
illuminate.

b. Unconcern, complicate, darken, unknown, accurate, mobile, partial, conceal, interior,
concentrate, obscure.
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IX. Give the English equivalents for the following using the text.

N300pakeHusi, MojydyaeMmble IyTeM BEKTOPHOIO CKAHWPOBAHUS, MOHOJIMTHBIM, HCIOJIb30BATH,
IIONIEPEYHOE CEYEHUE, TOHKUN CIIOH, PacrojiaraTbCsi OAUH HaJ APYI'MM, COCTABIIATH, COBOKYITHOCTb,
JUCIUIEH ¢ BPALAIOLIMMCS 3KPaHOM, BpalaloIMics MPOEKIMOHHBIN 9KpaH, COBEPIIATh BO3BPAaTHO-
IIOCTYIIATEIIbHbIE JBUXKCHUS, IIEPEMEINAThCs, PACCEUBAOIIAsl CBET IIOBEPXHOCTb, COCTOSATH W3,
pelKO3eMEeIIbHBIN, JeTupyroIas MpuUMech, METacTaOUIbHOE COCTOSHUE, TPeOOBaTh OOCYXICHHMS,
IIPAaBUJIBHO, COBMECTHUMBIN, MHEPTHOCTb 3pUTEIBHOIO BOCIPUATHS, II€pelaBaTh, rapaHTUPOBATH,
HE3aBHCHMO OT, PETPAHCIALIMOHHBIE 3€pKajla, HEMOABUXKHO 3aBUCATh B BO3AYXE, B OTIMYME OT,
OrpaHUYEHUE, MOMEHTAIBHBII CHUMOK, TaMOEPTOBCKUI paccenBaTrenb, MO BCEM HAIpPAaBICHUSM,
MIOJIYNIPO3pAauHbIi,  yJaJeHWe, MOApa3yMeBaTb, OTPaKaTe€lIbHAas MAaTPHUILA,  YIPOLIECHHBIMH,
OECKOPITYCHBIH, IBUTaTeNlb MOCTOSTHHOTO TOKA, HAINPABISIONIMNA 3€pKaia, MpOTHBOACHCTBOBATH,
TpaneuueBUIHOE HCKa)KEHHUE.

X. Give the Russian equivalents for the following.

Sequence, entire volume, volume refresh rate, system-level summary, range, legacy applications,
arrange, core, projection engine, frame, extensively, hover, addressable region, continuum, discrete
viewzones, dark patterns, hidden-surface removal, parallax cues, workflow, imply, synthetic
animated terrain, single-bit-depth frames, mercury arc lamp, integrator rod, custom projection
screen, reflectance and transmission properties, open-frame DC motor, unfold, reveal, proprietary,
counteract, keystoning.

PRACTICE

I. Translate the sentences into Russian defining the function of infinitives.

Infinitive can have different functions in sentences. It can be used as subject, predicate,
object, attribute and adverbial modifier. Study the examples and pay special attention to the
ways of translation:

To do (subject) work an object must have energy.

The group used a CRT to create (adverbial modifier) simple 2-D images which were imaged onto
a rotating screen.

A 3-D image will be perceived to hover (part of predicate) in the addressable region swept by the
projection screen.

The system software allows the display to be integrated (complex object) easily into existing
applications and workflows.

The visual system’s ability to process (attribute) binocular information is well-documented.

Volumetric displays create imagery that appears to float in a volume.

There are several ways to create volumetric imagery.

Care is taken to make the slices as visually similar as possible.

The volume refresh rate does not necessarily match the video hardware’s ability to fill graphics

RAM with new imagery.

5. Because the screen is essentially a Lambertian diffuser, each voxel appears to emit
omnidirectionally.

6. Images are perceived to be translucent.

HwnhE
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No headwear is required to view the 3-D imagery.

8. The system described here is able to support higher resolution imagery than is generated by the
current projector system.

9. In order to detect the phase information of the object wave, we superpose a plane wave with the
object wave.

10. To alleviate the problem, the use of on-axis holography has become more important and
relevant for holographic 3-D display.

11. Four such arrays are then projected around the entire inner surface of the display, allowing the
user to easily interact with the objects by touching the surface of the enclosure directly above
them.

12. Even by altering the mappings between the hand and cursor to reduce the necessary
movements, it can still be a tedious task to perform repeatedly.

13. To scale a model, both index fingers are placed on and dragged along the surface of the display.

14. The volumetric display will indeed enable users to better view a 3-D scene.

15. The objects to be constructed by the computer-generated hologram can be represented in the
computer by mathematical or graphical descriptions.

16. To synthesize CGHs of 3-D images is a heavy computational task.

I1. Translate the following text into English.*®

[lonepeunslii pazmep H300pakeHUMN, CO31aBa€MbIX OOBEMHBIMU JUCIUIESIMH, KOJEOJETCS OT
MEHEe YeM OJHOro [ioiMa 10, NpUONHU3UTENsHO, TpeX QyroB. Hekoropele ucciemoBaTenu
MPENNOYNUTAIOT ONUCHIBATh MPOCTPAHCTBEHHYIO MPOTSXKEHHOCTh H300paKeHMsI HUCXOJs U3 €ro
oobema. Hampumep, mpeicTaBieHHBIM 37ech aUcHied nmeer oObem mnpubmm3utensHo B 113
KyOMUYEeCKHX JIOIMOB.

Pazpemienrie 00beMHOTO auCIUIes OOBIYHO OMpeNeIIeTCsl pa3pelieHueM U KaJpoBOil 4acTOTOM
€ro MPOEKIIMOHHOTO YCTPOMCTBA. MyNbTHINIAHAPHBIN O0OBbEMHBINA JAUCIUIEH MOT Obl UCIOJIB30BATh
OJTHO TPOEKIIMOHHOE YCTPOMCTBO ¢ pasperieHreMm 1024x768. Takoe yCTpOHCTBO MOTIIO OBl UMETh
kagpoByto uyactory or 5 KI'm mo 10 Kl (cormacHo ypoBHIO MEpEelOBBIX TEXHOJIOTHH,
CYIIECTBYIOIIMX HA MOMEHT HallMCaHUs).

B HekoTOpoM cMmbICi€ NPOU3BOJAUTENh OOBEMHOIO JUCIUIES OrPaHUYEH —CIEIYIOIIUM
COOTHOILIEHHEM: (4acToTa OOHOBJIEHHUS H300pakeHHsI BO BCeM 00BeMe) X (KOJIMYECTBO CJOEB,
NPUXOJAIIUXCA Ha OJHO K300pakeHue) = (KaJpoBas 4YacToTa IMpoekTopa). B Hamem ciydae
MIPOEKTOp, UMeromui KaapoByro dactory S5 Kl'm, mcmons3dyercs mns co3panus 198-cimoitHoro
M300pakeHus ¢ yacToToi ooHoBIeHMs 24 1.

Vocabulary Notes:

range — komebarbcs

inch — groiim

foot (pl. feet) — dpyt

spatial extent — npocTpaHcTBEHHAsI TPOTHKEHHOCTH
in terms of its volume — ucxopst u3 ero oobema

be governed (by) — onpenenstbes

frame rate — kagpoBas yacToTa

be bound (t0) — orpannumBaThCs

relationship — cootHoIeHUE

% The text was translated from preprint of the original paper of G.E.Favalora, J.Napoli, D.M.Hall, R.K.Dorval,
M.G.Giovinco, M.J.Richmond, W.S.Chun, “100 Million-voxel volumetric display” [13].
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volume refresh rate — vactora 06GHOBICHHS H300paKEHHSI BO BCEM 00beMe
slices per image — koMYECTBO CI0EB, MPUXOISIIUXCS Ha OJTHO H300pasKEHHUE

I11. Read the text and reproduce it in English in short.*°

Volumetric displays are the set of three-dimensional display technologies that produce volume-
filling imagery. (This term is not to be confused with ‘volume rendering’, a computer graphics
technique of a similar name that is commonly used in medical imaging and petroleum
visualization). Barry Blundell and Adam Schwarz offer the following definition: ‘a volumetric
display device permits the generation, absorption, or scattering of visible radiation from a set of
localized and specified regions within a physical volume’.

Simply put, volumetric displays create imagery that appears to float in a volume. Typically the
imagery can bee seen from a wide variety of angles. Furthermore, goggles are generally not
required to perceive the 3-D imagery.

Several publications provide surveys of existing volumetric display architectures. The authors
point out the work of M. Halle, K. Langhans et al, and Blundell and Schwarz as particularly
instructive. The majority of volumetric displays exploit persistence of vision by projecting 0-, 1-, or
2-D components of a scene rapidly enough that the retina fuses them into a 3-D perception.

Vocabulary Notes:

volume rendering — oGbeMHas BU3yaau3ais — MeTO (HOPMUPOBAHMS N300PaKEHUS, IPH KOTOPOM
NPEJICTABIISETCS BHYTPEHHEE CTPOEHHE TPEXMEPHOTO 0OBEKTa

medical imaging — MeTUIIMHCKAs BU3yaIH3aIns

petroleum visualization — Busyanu3anusi B HeTSIHOW IPOMBIILICHHOCTH

IV. Read the text and render it in Russian,*

The authors chose a three-dimensional display method that provides high-resolution imagery in
a mechanically-simple manner at reasonable cost. The solution was inspired by a system reported in
1960 by ITT Laboratories. The group used a CRT to create simple 2-D images which were imaged
onto a rotating screen. A similar design is taught by Max Hirsch in a patent application filed in 1958
—a fast CRT is imaged onto a rotating screen with a slightly different arrangement of relay mirrors.
One clever aspect of these designs is the placement of several relay mirrors which rotate in unison
with the screen, thereby keeping the optical path length (and therefore the focus) the same
regardless of the screen’s angle.

More recently, Batchko teaches a system using scanning a laser beam relayed by a similar
architecture. Tsao et al report a volumetric display that interposes image-derotation optics between
the image generator and projection screen, since the image of the screen would otherwise rotate in
the plane of the projection screen as the screen rotates.

In the author’s case, the CRT is replaced with a high-frame-rate MEMS-based projector; a
specialized off-axis projection system is employed; and data is generated by a suite of graphics-
processing hardware and software. Software, instead of de-rotation optics, stabilizes the projector
image in the plane of the rotating screen.

% The text was adopted for language learning purposes from preprint of the original paper of G.E.Favalora, J.Napoli,
D.M.Hall, R.K.Dorval, M.G.Giovinco, M.J.Richmond, W.S.Chun, “100 Million-voxel volumetric display” [13].
“0 The text was adopted for language learning purposes from preprint of the original paper of G.E.Favalora, J.Napoli,
D.M.Hall, R.K.Dorval, M.G.Giovinco, M.J Richmond, W.S.Chun, “100 Million-voxel volumetric display” [13].
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Vocabulary Notes:

CRT (cathode ray tube) — DJIT (aaekTpoHHO-Ty4YeBast TPyOKa)
patent application — 3asiBka Ha maTeHT

file — momaBaTh KaKoO#-1. JOKYMEHT

off-axis projection system — cucrema BHEOCEBO# MPOSKIIUU
hardware and software —porpamMmmHoOe 1 amnmapaTHoe oOecrcueHue

V. Reproduce the main text.

V1. Write an annotation on the text.

VII. Topics for discussion.
1. Physical phenomena in volumetric displays.

Barry Blundell and Adam Schwarz define the term ‘volumetric display’ as a device which permits
‘the generation, absorption, or scattering of visible radiation from a set of localized and specified
regions within a physical volume’. Which of these three phenomena is used in presented volumetric
display (also known as Perspecta Spatial 3-D Display) for 3-D image creating? More precisely,
does the Perspecta 3D Display use generation, absorption, or scattering of light from a set of
specified regions within a physical volume in order to create 3-D image? Supply your viewpoint
with arguments.

2. Swept-screen vs. solid-state volumetric displays.

The DepthCube 3-D Display described in Unit 9 of the textbook is a solid-state volumetric display
and the Perspecta Spatial 3-D Display described here is swept-screen. What advantages may swept-
screen approach to volumetric displays creation have over solid-state approach? What advantages
may solid-state approach have over swept-screen one? Try to compare these two approaches from
viewpoints of manufacturability, reliability, complexity, cost and usability using the information
obtained from reading texts about the DepthCube 3-D Display and the Perspecta Spatial 3-D
Display.
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UNIT 11
INTERACTION WITH VOLUMETRIC DISPLAYS

READING

I. Read the following words paying attention to pronunciation.

Inherent [1n'h1arant], leverage ['lizvaridz], physiological [fizia'lpdzikal], perception [pa'sepSn],
although [>:1'6au], commercially [ka'ms:fali], unique [ju:'nizk], feature ['fiztfa], desirable
[di'zaiarabal], enclosure [in'klauza], uniformly [‘juiniformli], identify [ai'dentifa1], label
['letbal], conjunction [kan'dzankJan], precise [pri'sais], posture ['pbstfa], gesture ['dzestf3],
facilitate [fo's1l1tert], infer [1n'f3:], entire [1n'ta1a], initiate [1'n1fiert].

I1. Try to guess the meaning of the words in bold type.

imagery n images in general or collectively: Their dreams involved complex stories with visual
imagery./ Advertisers use all kinds of imagery to play. on our emotions./ Satellite imagery
(photographs of the earth taken from space) indicated that dust from the Sahara is spreading
westwards.

view v to look at or watch sth; to look at information on a computer screen: To view the next page
press ‘tab’./ view imagery on volumetric displays/ view physical objects in the real world./ The
mountain is best viewed from the north side. If we view the problem from a different angle, a
solution may become more obvious.

akin adj formal akin to sth very similar to sth: Something akin to panic overwhelmed him. Pity
and love are closely akin. Viewing imagery on volumetric displays is akin to viewing physical
objects in the real world.

inherent adj formal a quality that is inherent in sth is a natural part of it and cannot be separated
from it: I’'m afraid the problems you mention are inherent in the system./ Every business has its own
inherent risks./ There are dangers inherent in almost every sport./ She seems completely unaware of
the contradictions inherent in her professed point of view.

perception n an awareness of things through the physical senses, esp. sight: Psychologists have
been studying perception in rats in an attempt to discover more about human mental processes
connected with sight./ These photographs will affect people’s perceptions of war./ our perception of
reality/ visual perception/ One theory is that caffeine somehow counteracts the perception of pain.
promising adj showing signs of being successful or good in the future: a promising career in law/ a
promising young actor/ a promising start/ The weather doesn’t look very promising./ They won the
award for the most promising new band of the year./ The results of the first experiments are very
promising.

leverage v technical spread or use (resources, money, skills, buildings etc that an organization has
available), ideas etc again in several different ways or in different parts of a company, system etc:
Reusable software is leveraged across many applications./ In order to fully leverage the unique
features of these displays, it would be desirable if one could directly interact with and manipulate
the 3-D data being displayed./ New IBM software tools allow developers to leverage open standards
to build security into applications./ Here’s our startup business advice on a few things small
companies, or even solo entrepreneurs, can do to leverage the web for their internet startup
business.
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challenge n difficult, demanding or stimulating task: The company is ready to meet challenges of
the next few years./ Martins now faces the biggest challenge of his career./ This application area
itself presents many interesting challenges.

enclosure n an area surrounded by a wall or fence and used for a particular purpose: enclosure
surrounding the displayed 3-D volumetric image/ The swimming pool was enclosed by a high
fence. Expressions are enclosed in brackets./ a fear of enclosed spaces/ An enclosed community or
way of life does not have much communication with the outside world.

uniform adj the same everywhere; unvarying: Critics were uniformly enthusiastic about the
production. The rows of houses were uniform in appearance./ of uniform color/ The water must be
of uniform temperature for the process to take place.

dome n rounded roof with a circular base: the dome of St Paul’s Cathedral/ The zoo’s main feature
is a jungle setting under a glass dome./ The domed ceiling (shaped like a dome) of the library was
its most famous feature./ The display can be viewed from any direction around the hemisphere
dome.

track v follow the direction smb/ sth takes: The progress of each student is tracked by computer./
The study tracked the careers of 1, 226 doctors who trained at the University of Michigan Medical
School./ The military use radar to track targets through clouds or at night./ A Vicon motion
tracking system is used to track the positions of markers on the user’s fingers.

tip n the end of sth, especially sth pointed: Use the tip of the brush to paint fine lines./ lights on the
wing tips of airplanes/ the tips of one’s fingers/ the tip of one’s nose/ walking on the tips of her
toes/ His name’s on the tip of my tongue.

facilitate v formal make possible or easier: facilitate the execution of a task/ Modern inventions
facilitate housework./ The new trade agreement should facilitate more rapid economic growth./ We
implemented two techniques to facilitate command input using fingers.

carry out v do and complete a task: carry out an inquiry/ an investigation/ a survey/ The building
work was carried out by a local contractor./ Turn off the water supply before carrying out repairs.

I11. Skim the text quite quickly to get a general understanding and answer the questions
given. Consult the vocabulary after the text.

1. What does the text focus on?

2. How does the user interact with the virtual data?

3. 3-D display of what type was used in the research described in the text (stereoscopic,
holographic, swept screen, solid-state?

INTERACTION WITH VOLUMETRIC DISPLAYS*

Viewing imagery on volumetric displays, which generate true volumetric 3D images by
actually illuminating points in 3D space, is akin to viewing physical objects in the real world.
Viewers can use their inherent physiological mechanisms for depth perception to gain a richer,
more accurate understanding of the virtual 3D scene. These displays typically have a 360° field of
view, and the user does not have to wear hardware such as shutter glasses or head-trackers. As such,
they are a promising alternative to traditional display systems for viewing in 3D.

Although these displays are now commercially available, current applications tend to use them
as a non-interactive output-only display device, much like one would use a printer. In order to fully
leverage the unique features of these displays, however, it would be desirable if one could directly
interact with and manipulate the 3D data being displayed.

*! The text was adopted for language learning purposes from preprint of the original paper of T.Grossman, D.Wigdor,
R.Balakrishnan, “Multi-finger gestural interaction with 3D volumetric displays” [14].



116

In this paper, we investigate interaction techniques for volumetric display interfaces, through the
development of an interactive 3D geometric model building application. While this application area
itself presents many interesting challenges, our focus is on the interaction techniques that are likely
generalizable to interactive applications for other domains. We explore a very direct style of
interaction where the user interacts with the virtual data using direct finger manipulations on and
around the enclosure surrounding the displayed 3D volumetric image. In our implementation, the
enclosure is a hemisphere (Figure 10.1). If the enclosure was instead a cuboid or cylinder, some of
the mappings we use may need modification, but the overall ideas would remain applicable.

We use a 3D volumetric display from Actuality Systems (Figure 10.1). It generates a 3D
volumetric image by sweeping a semi-transparent 2D image plane around the up axis. A total of
198 2D slices (images) of 768x768 pixels each are uniformly displayed around the center axis,
resulting in a total of 116 million voxels. The display has a refresh rate of 24Hz, and was driven by
a 2 GHz Pentium4 computer on which our application software ran. The display can be viewed
from any direction around the hemispheric dome, without requiring the user to wear any hardware.

A Vicon motion tracking system is used to track the positions of markers placed on the user’s
fingers. The Vicon system uses several high-resolution cameras to track the 3D location of multiple
passive reflective markers in real time. In addition to tracking the location of the markers in 3D
space, the system can uniquely identify and label each marker according to its position on a user’s
fingers. The 3D coordinates of these labeled markers can then be streamed in real-time to other
applications. Our prototype uses four cameras for tracking. In our current work, we track markers
on the index fingers of both hands, and the thumb of the user’s dominant hand.

We use the labeled marker data, in conjunction with knowledge of the precise topology and 3D
spatial location of the display’s enclosure in the tracking volume, to simulate an enhanced touch
sensitive display. Our system categorizes the precise positional information of the tips of the two
index fingers and thumb into one of three discrete states. We also detect static postures and dynamic
gestures of the fingers by examining the relative distance between the markers.

Given that we intend to perform all interaction on and around the display itself, and wanted to
avoid using additional input devices like keyboards, we implemented two techniques to facilitate
command input using the fingers: surface menus and a set of postures and gestures.

Similar to interfaces for 2D touch screens, we display frequently used commands as buttons on
the surface of the display. We call this surface menus. We provide two surface menus, one for each
hand.

While surface menus provide a nice mechanism for command input, there are instances when it
could be inconvenient to have to touch the surface menu buttons to invoke a command. For
example, if the user is manipulating a virtual object, it may be easier to enter commands using other
finger movements. We also wanted to experiment with more than one command input mechanism,
to enable later determination of optimal solutions. Accordingly, we developed a set of hand postures
and gestures which can be carried out on or off the surface of the display. We infer the set of
postures based on the shape of the fingers, while the set of gestures is determined based on the
dynamic characteristics of the fingers’ movement over time.

For interacting in three dimensions, we need to support a variety of basic operations such as file
visualization and browsing, selection, translation, scaling, and rotation.

In order to allow for basic file operations of load, save, organize, copy, and delete we developed
a simple file/object management mechanism called SurfaceBrowser. The SurfaceBrowser displays
various objects by organizing them into cells of a 2D array. Four such arrays, or pages, are then
projected around the entire inner surface of the display, allowing the user to easily interact with the
objects by touching the surface of the enclosure directly above them. The pages either contain
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models or scenes. Models are primary shapes used in building more complex scenes. The contents
of each cell rotate slowly to aid in their visualization.

A flat arrow cursor is displayed below the dominant hand’s index finger, which is used to
perform basic operations with objects in the SurfaceBrowser. A quick tap on any object opens it.
When this occurs, the selected model or scene smoothly animates from its 2D form on the surface
of the display, to its 3D shape at the center of the display.

Once a model has been opened, we allow for rotation, translation, and scaling.

Rotation is initiated by touching the display with the dominant hand’s index finger. The finger is
then dragged across the surface of the display, and this movement is transformed into rotation of the
model, as if there were a stick connecting the finger to the model’s center. This provides two
degrees of freedom of rotation. A third rotational degree of freedom is achieved by twisting the
hand, while the index finger is still down. This rotates the model about the vector defined from the
finger to the model.

Translation is imitated by assuming a pinch posture with the dominant hand. While pinched,
moving the hand in any direction moves the model the same distance in that direction. The
metaphor here is that of picking up an object with a pinch grip and movingit.

Unlike translation and rotation which are performed with a single finger, scaling is a bimanual
technique. To scale a model, both index fingers are placed on and dragged along the surface of the
display. Sliding the fingers further apart on the surface increases the scale, while sliding them
together decreases it. The object is scaled uniformly along all dimensions.

The rotate and translate transformations discussed allow users to simultaneously control three
degrees of freedom.

The interaction techniques we developed make maximal use of the three dimensional nature of
the display and input system. While the direct finger tracking allows users to perform high degree
of freedom operations with multiple fingers, the display technology allows users to accurately
visualize the virtual 3D manipulations with excellent depth perception. Taken together, this allows
for interesting interactions not possible in traditional input and display combinations.

Vocabulary Notes:

leverage — (B aHHOM ciTydyae) KCIOIb30BAThH

enclosure — (B JaHHOM ciTy4ae) KOPIyc (IUCIIIes)

mapping — oroOpakeHue

motion tracking system — cucrema OTCIIC)KUBAHUS JIBHKCHHI

marker — mapkep

topology — Tonosnorus (B 1aHHOM citydae — KOHQUIYpaIHsi KyroJia, OrOPaKMBAIOIIET0  JUCILICH)
touch sensitive display — ceHcopubIii mucrei

browsing — mpocMoTp U peaakTUPOBaHHUE

bimanual — GumanyanpHbII; TBYpYYHBIH

tap — cmalwiii yaap

Active Vocabulary:

akin (to) — O6bITh cpoaHM YeMY-THO0; OBITH TTOX0XKHUM Ha
inherent — nmpucymmii; BpoOXKICHHBIH

gain — moyryuaTh; MPUOOpPETATH

investigate — u3y4are; uccie0BaTh

generalize — 060011aTh; pacpOCTPAHITH

explore — uccnenoBarp; paccMaTpuBaTh
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implementation — ucronHeHue; peaaTnu3arys
hemisphere — monymapue

cuboid — kybou; MPAMOYTOIBHBIN MapalIeeIuIIe/I
uniformly — paBHoMepHO

dome — xymoun

uniquely — onHo3HayHO

in conjunction with — BmecTe ¢

sensitive — 4yBCTBUTEIIBHBII; CEHCOPHBIH
categorize — pacrpeaesnsTh 0 KaTeropusm
precise — TOUHBIH

posture — moxoxeHue; mo3a

examine — uccien0BaTh; U3y4arhb

facilitate — oOmeruars; momorars

invoke — BbI3BIBATh; OCYIICCTBIISTh

infer — o3Hauatk; MoapasymeBarh

INNer — BHyTpeHHHI

initiate — HauMHATH

twist — BpaiaTh; MoBOpavuMBaTh

scaling — macmrabupoBaHue

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

1. According to the text, what is the problem with current applications for interaction with 3D
volumetric displays?

2. What devices were used in order to obtain the precise positional information about the user’s
fingers?

3. What spatial characteristic was examined for detecting postures and gestures of the user’s

fingers?

Why were such techniques as surface menus and gestures tracking chosen for interaction?

Which three spatial transformations were allowed once a model had been opened?

o s

VOCABULARY EXERCISES

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

Imagine — image — imagery — imaginary — imagination — imaginable; perceive — perception —
perceptiveness — perceptive — perceptible — perceptively; enclose — enclosure; convenient —
inconvenient; uniform — uniformity — uniformly; enhance — enhancement; precise — precision —
precisely; implement — implementation; manage — management — manager — manageable; unique —
uniqueness — uniquely; entire — entirety — entirely; direct — direction — directional — directly;
perform - performance — performer; dimension — dimensional; assume — assumption; mark —
marker, available — availability; tend — tendency.

I1. Make nouns and adjectives from each of the verbs from the table.

Verb Noun Adjective
manage
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perceive
imagine
direct
promise
interact
present
reflect
dominate
relate
intend
desire
optimize
infer
initiate
free

I11. Use the correct form of the word in capitals at the end of each sentence to fill the gap.

1. Itis..... that you should have some familiarity with computers. DESIRE

2. The Equator is just an ..... line. IMAGE

3. Pressure must be ..... distributed over the whole surface: UNIFORM

4. Parents’ views influence their children’s .... of the world. PERCEIVE

5. We bought this house for ..... ; it’s near the shops and the railway station. CONVENIENT

6. Most photos, no matter how carefully composed, need some ..... to achieve their full potential.
ENHANCE

7. The full ..... of the system will take some time. IMPLEMENT

8. E-commerce is a ..... recent phenomenon. RELATE

9. Towns only a few miles apart can have ..... different dialect. ENTIRE

10. It was impossible to make ..... about people’s reaction. ASSUME

11. The report said that the ..... of the museum staff was outstanding. PERFORM

12. She decorated the room to make it a little more ..... . PRESENT

13. Rotation is ..... by touching the display with the dominant hand’s index finger. INITIAL
14. The issue of climate change was the ..... theme of the conference. DOMINATE

1VV. Combine the words in bold with those in brackets. Translate the combinations into
Russian.

perception (depth ~, clear, visual, human; have ~, gain, affect)

promising (~ alternative, results, actor, start; be ~, look, seem, sound; extremely ~, highly, hardly)
application (current ~, practical, general, wide, agricultural, industrial, database, multimedia,
software; run ~, develop; ~ area)

device (display ~, clever, ingenious, labor-saving, sophisticated, hi-tech, automatic, electrical,
electronic, mechanical, measuring)

challenge (interesting ~, big, considerable, real, tough, main, new, political, technical; pose ~,
present, face, meet, respond to)

implementation (effective ~, complete, detailed, strict, smooth, practical, early, immediate,
gradual; achieve ~, ensure, monitor, consider, discuss; ~ plan, problem)

overall (~ ideas, impression, cost, effect, picture, performance, effectiveness, analysis,
development, increase, configuration)
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dome (hemispheric ~, spherical, monolithic, luminous)

track (~ positions, e-mails, messages, documents, work performance, changes)

label (~ correctly, properly, wrongly, carefully, neatly, automatically; ~ images, products, CDs,
containers)

current (~ work, month, events, expenses)

facilitate (~ execution, growth, input, learning; ~ greatly; be designed to ~, help (to),)

determine (~ solution, needs, display size, value, rules, development; exactly ~; try to ~, help to, be
easy to, be possible to, be difficult, be necessary to, be able to)

entire (~ staff, afternoon, surface, world, collection, system, generation, population, database, life)
scene (beautiful ~, idyllic, peaceful, touching, extraordinary, familiar; watch ~, witness)

flat (~ arrow cursor, surface, plain, roof; fall ~, look, become, make sth; very ~, absolutely,
completely, quite, almost)

dominant (seem ~, become, remain; extremely ~, overwhelmingly, totally, increasingly, relatively,
economically, politically, socially; ~ class, hand, ideas, genes, strategy, design, domain, force)
perform (~ effectively, efficiently, properly, successfully, well, automatically, manually; be
able/unable to ~, be expected to; ~ task, operation, duties, experiment)

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

A B

surround v stay in a particular place or position and not leave it

implement v exact and accurate

overall adj the way you position your body when sitting or
standing

remain v help someone or sth by making their situation or
what they are doing easier

dominant adj piece of paper or another material that is attached to sth
and gives information about it

precise adj operate a.computer program

enhance v an area of activity, interest, or knowledge, esp
one that a particular person, organization etc deals with

posture n considering and including everything

examine v work or do sth, carry out

aid v more important, powerful, or successful than the other
people or things of the same type

domain n the things that are inside a box, bag, room

label n be all around smb or sth on every side

contents n look at sth carefully in order to find out more or see
what it is like

invoke n improve sth or make it more attractive or more valuable

perform v put into operation

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

1. The ..... date and place of his birth are unknown. 2. As a result, the United Nations continued to
..... a peacekeeping role. 3. He picks up each item and ..... it carefully. 4. It can be inconvenient to
have to touch the surface menu buttons to ..... a command. 5. Poor posture can lead to muscular
problems. 6. Calcium ..... in bone development. 7. Gwen has always been ..... by people who adore
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her. 8. I need to find a way of ..... my income. 9. The lock had been broken and the drawer emptied
of its ..... . 10. We don’t want all the details now, just the ..... picture. 11. The ..... on the bottle
says not to take more than six tablets a day. 12. Some of the mappings we use may need
modification, but the overall ideas would ..... applicable. 13. Red is usually the ..... color in his
paintings. 14. The changes to the national health will be ..... next year. 15. This is a subject that has
now moved into the political ..... .

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

a. Akin, view, generate, gain, current, leverage, unique, manipulate, investigate, domain,
implementation, track, prototype, enhance, detect, perform, facilitate, instance, invoke,
enable, tip, initiate, occur.

b. Handle, see, characteristic, similar, end, ease, happen, original, use, execution, find,
explore, produce, follow, intensify, obtain, field, start, allow, example, = enforce, work,
special, present.

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

a. AKkin, real, additional, single, increase, enhance, remain, current, dominant, precise, static,
avoid, frequently, inner, initiate.

b. Rarely, decrease, secondary, basic, different, terminate, multiple, depart, loose, imaginary,
outer, minimize, face, obsolete, dynamic.

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

COBOKYIMHOCTh  M300pa)K€HUM, OBITh . MOXOXUM Ha, CBOWHCTBEHHBIH, TMONy4aTh, TOYHBIH,
MHOT'000CIIAONINI, TeKyIud, >()QPEeKTUBHO HUCHOJIb30BaTh, YHUKAIbHBIE YEPTHI, KEJIATEIHHO,
3amaun, 00JacTh, OKPYXkaTh, MCCIEAOBaTh, OOIIUI, OCTaBaThCs, BpalllaTh, PaBHOMEPHO, KYIIOI,
CUCTEMa OTCJICKMBAHUS, OOJBIION Majell, yKa3aTeNbHbINH Tajiel, KOHYUKU TajlbIeB, BMECTE C,
M3y4aThb, BBIOJHATH, 00JEryaTh, CEHCOPHBINA TUCIUICH, MpUMeEp, HEYAOOHBIH, BECh, COIAEPKUMOE,
IJIOCKWH, BpallleHHe, I[epeMelleHrne, MaclTadupoBaHue, B OTIWYHE OT, TEPEeTaCKUBATh,
YMEHBIIATh.

X. Give the Russian equivalents for the following.

Depth perception, shutter glasses, head trackers, promising alternative, non-interactive output-only
display device, interaction techniques, enclosure, sweep, refresh rate, result in, high-resolution
cameras, label markers, enhanced, touch sensitive display, static postures, dynamic gestures,

discrete states, invoke a command, enable determination of optimal solutions, cell, inner surface,
perform operations, smoothly, define, assume, pinch posture, twist the hand, slide the fingers.

PRACTICE

I. Translate the sentences into Russian defining the function of gerunds.
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Gerund can have different functions in sentences. It can be used as subject, predicate, object,
attribute and adverbial modifier. Study the examples and pay special attention to the ways of
translation:

Viewing imagery (subject) on volumetric displays, which generate true volumetric 3D images by
actually illuminating (adverbial modifier) points in 3D space, is akin to viewing (object) physical
objects in real world.

Ha6J’IIOI[eHI/Ie H306pa)K€HHfI Ha OOBEMHBIX AUCIIICAX, KOTOPBIE CO3Aar0T HACTOAIIUC 00BEMHBIE
o0pa3el, OCBEIIasi TOYKH B TPEXMEPHOM IIPOCTPAHCTBE, TMOXOXKE Ha HaOoaeHHEe (HU3HUECKUX
npeaAMETOB B PCAJIbHOM MHUPCE.

A Vicon motion tracking (attribute) system is used to track the positions of markers placed on the
user’s fingers.

Cucrema otciexuBanus «BUKOH) HCIOJIB3YCTCA JIs1 TOrO, I-ITOGI:I CJICAUTH 3a IIOJIOKCHHEM
MapKEpOB Ha IaJIbLax I10JIb30BaTCJIA.

The conference hall was packed but people kept on coming (predicate).

KondepeHni-3an ObuT epenoiHeH, HO JIFOIH MPOA0KAINA TPUOBIBATH.

1. Viewers can use their inherent physiological mechanisms for depth perception to gain more
accurate understanding of the virtual 3D scene.

2. We investigate interaction techniques for volumetric display interfaces through the
development of an interactive 3D geometric model building applications.

3. The 3D volumetric display generates a 3D volumetric image by sweeping a semi-transparent
2D image plane around the up axis.

4. The display can be viewed from any direction around the hemispheric dome without
requiring the user to wear any hardware.

5. In addition to tracking the location of the markers in 3D space, the system can identify and
label each marker according to its position on auser’s fingers.

6. Our prototype uses four cameras for tracking.

7. We detect static postures and dynamic gestures of the fingers by examining the relative
distance between the markers.

8. We wanted to avoid using additional input devices like keyboards.

9. For interacting in three dimensions we need to support a variety of basic operations.

10. The SurfaceBrowser displays various objects by organizing them into cells of a 2D array.

11. The arrays allow the user to easily interact with the objects by touching the surface of the
enclosure directly above them.

12. Rotation is initiated by touching the display with the dominant hand’s index finger.

13. Moving the hand in-any direction moves the model the same distance in that direction.

14. Sliding the fingers further apart on the surface increases the scale while sliding them together
decreases it.

15. The direct finger tracking allows users to perform high degree of freedom operations with
multiple fingers.

16. A volumetric display device permits the generation, absorption, or scattering of visible
radiation from a set of localized and specified regions within a physical volume.

17. Human persistence of vision is capable of integrating a series of 2-D slices — arranged like
slices of an apple around its core — into a volume-filling 3-D image.

I1. Translate the following text into English.*

“2 The text was translated from preprint of the original paper of 7. Grossman, D.Wigdor, R.Balakrishnan, “Multi-finger
gestural interaction with 3D volumetric displays” [14].
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C TOoukHM 3peHMs TexHOJOruM obbemHbIe auciuien (volumetric displays), B o0mux uepTtax,
MOKHO PasaCJIuTb Ha TPpHU KAaTCTOPUH.

[osorpaduueckre AUCIUICH TCHEPUPYIOT TPEXMEpPHbIE M300paXKeHHUs, yIpaBisis Jupakiiuei
CBETa C IMOMOIIBIO JTUHAMHYECKHX MHKPOCKOIMMYECKUX CTPYKTYp. JIMCIUIEM CO CTaTHYECKHM
00BEMOM CO3/IaI0T M3JTy4arOIIHe BOKCENbI, HEIIOCPEICTBEHHO BO30Y XK /1asi TOUKU BHYTPH (PU3HUECKU
CYIIECTBYIOIIEH TPEXMEPHOM OCHOBBL. JlUCIUIEH C KPYTALMMCS SKPAaHOM BpalalOT IUIOCKOE,
H3MEHSIOIIEECS] BO BPEMEHH HM300paKCHHE BOKPYT OCH Ha JOCTATOYHO BBICOKOW CKOPOCTH, YTO
MO3BOJIIET 3PHUTEIBHOW CHCTEME 4YeJIOBEKa BOCIPHHUMATh OOBEMHOE HW300paKEHHE IyTEM
00BbEAMHEHHUS TTOCIEIOBATEIILHBIX IBYMEPHBIX H300paKCHUH B OJTHO TPEXMEPHOE.

[TockonmbKy 10 HENaBHETO BPEMEHH OOBEMHBIC TUCIUIEM HE OBUIM JIETKO JOCTYIIHBI,
BO3MOXKHOCTH UX 3P (PEKTUBHOIO HHTEPAKTUBHOIO UCIIOIb30BaHMS €Ile HEJ0OCTATOUHO U3YUICHBI.

Vocabulary Notes:

from a technology viewpoint — ¢ ToYKu 3peHUsT TEXHOIOTHH
broadly — B 06mux ueprax

mMICroscopic pattern — MUKpocKomuueckas CTpyKTypa
emissive voxels — uznygarorue BOKCEbI

directly — nemocpeacrsenno

excite points — Bo30y»k1aTh TOUYKU

physical 3D substrate — ¢pu3ryecku CyiecTByOIIasi TPEXMEpHas OCHOBA
swept-screen display — qucruieli ¢ KpyTSIIIMCS SKpaHOM
time-varying — u3meHsroIeecs BO BpeMEHU

fuse together — o6beaUHSTD

SuCCessive — moceI0BaTeNbHbII

I11. Read the text and reproduce it in English in short.”®

While performing any of the transformations, a colored 3D icon is drawn at the center of the
model, indicating which transformation is currently being applied. The icons are displayed oriented
towards the user’s current hand positions to facilitate viewing. If the transformation has not yet been
initiated, the icon is white, indicating to the user that the posture of their hands is close to that
required to begin the corresponding transformation.

For example, if both of the user’s hands are close to touching the surface of the display, the
scale icon will be displayed in white. Once both fingers make contact with the surface the icon will
become colored. This provides a nice way to guide users into appropriate postures for
transformation actions, and also to reduce accidental triggering of transformations.

Vocabulary Notes:
accidental — ciyuaiinbiii

trigger — MHUIIMUPOBATH, TaBaTh HAYAJIO

IV. Read the text and render it in Russian.*

*3 The text was adopted for language learning purposes from preprint of the original paper of T.Grossman, D.Wigdor,
R.Balakrishnan, “Multi-finger gestural interaction with 3D volumetric displays” [14].
* The text was adopted for language learning purposes from preprint of the original paper of T.Grossman, D.Wigdor,
R.Balakrishnan, “Multi-finger gestural interaction with 3D volumetric displays” [14].
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On 2D or stereoscopic displays, users have a single viewpoint of the 3D scene at a given time.
As a result, users have to rotate the scene frequently to view the parts occluded from the current
viewpoint, or to enhance depth perception through motion. Head tracking can enable more fluid
viewpoint changes, but only within the limited range of the display’s field of view. Furthermore,
most interaction occurs relative to the current viewpoint.

In contrast, volumetric displays allow the user to walk around it, or move their head
appropriately, to dynamically adjust their viewpoint in a fluid manner much like they would when
viewing a physical object in the real world. Furthermore, users can also reach around and interact
with the 3D scene from all directions around the display, regardless of their current viewpoint
(assuming a moderately sized display). These properties can allow for new interaction techniques
beyond what is possible in other display environments and should be exploited to maximal benefit.

Vocabulary Notes:

occlude — ckpbiBath

fluid — mnaBHbIH

appropriately — coorBercTByOIIE
adjust — npucnocadauBaTh
exploit — ucronp3oBath

V. Reproduce the main text.

V1. Write an annotation on the text.

VI1. Topics for discussion.
1. Multi-user interaction.

In this research ideas of using surface menus and motion tracking for direct manipulation with 3D
data were implemented only for single-user interaction. How would it be possible to organize multi-
user interaction with 3D volumetric display with the help of these ideas? What kinds of strategies
can be applied to allowtwo or more people to work together using gestural interaction techniques
on such a display? What difficulties may arise? If there are multiple users, at what orientation
should a text be displayed?

2. New interaction techniques.

The purpose of the research was to enable direct manipulation with 3D data without using
additional input devices like keyboards. Shown implementation achieves this with the help of
surface menus and gestures tracking. What other techniques may be offered for achieving this
purpose? Try to suggest more variants and modifications. How could it be possible to make
display’s enclosure touch sensitive without motion tracking?
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