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PREFACE 
 

 

Dear Reader, 

 

On behalf of the authorsô 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 ï 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 observerôs 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 studentsô 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 ï registration and representation of three dimensional images. 

 

Vladimir Petrov 

 

Professor of Applied Physics Chair 

of Saratov State University
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SPATIAL VISION
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UNIT 1 
 

LIGHT PERCEPTION AND EYE PHYSIOLOGY  
 

 

READING  

 

 

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

 

Particular [pȞʓʌtȷkjɗlȦ], either [ʌaȷĥȦ], adequate [ʌÞdȷkwȷt], distinguish [dȷsʌtȷƂgwȷɐ], attribute 

[ʌÞtrȷbjuʓt], cornea [ʌkȡʓniȦ], choroid [ʌkȦɗrȡȷd], fovea [ʌfȦɗviȦ], iris [ʌaȷȦrȷs], infinitesimal 

[ȷnfȷnȷʌtesȦml ]. 

 

 

II. 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./ Deliaôs 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 itôs 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 isnôt a good school in the vicinity./ There are no rods and 

cones in the vicinity of the optic nerve. 

 

 

III. 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? 
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4. Are rods or cones more sensitive to light? 

 

LIGHT PERCEPTION AND EYE PHYSIOLOGY
1
 

 

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 sightò. 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. 

 

 
 

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. 

                                                 
1
 The text was adopted from the original book of W .K. Pratt, ñDigital image processing: PIKS insideò [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. 

 

 
 

Figure 1.2. Eye cross section [1]. 

(Permission for Reprint, courtesy of John Wiley & Sons, Inc.) 

 

 
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 ï ʵʥʝʨʛʠʷ ʠʟʣʫʯʝʥʠʷ; ʣʫʯʠʩʪʘʷ ʵʥʝʨʛʠʷ 

imaging system ï ʩʠʩʪʝʤʘ ʬʦʨʤʠʨʦʚʘʥʠʷ ʠʣʠ ʦʙʨʘʙʦʪʢʠ ʠʟʦʙʨʘʞʝʥʠʡ 

tungsten lamp ï ʚʦʣʴʬʨʘʤʦʚʘʷ ʣʘʤʧʘ ʥʘʢʘʣʠʚʘʥʠʷ 

bulb ï ʣʘʤʧʦʯʢʘ 

narrowband wavelength light ï ʧʦʯʪʠ ʤʦʥʦʭʨʦʤʘʪʠʯʝʩʢʠʡ ʩʚʝʪ 

cyan ï ʛʦʣʫʙʦʡ (ʦʜʠʥ ʠʟ ʮʚʝʪʦʚ ʩʠʩʪʝʤʳ CMYB ï Cyan ï Magenta ï Yellow ï Black) 

metameric pair ï ʤʝʪʘʤʝʨʠʯʝʩʢʘʷ ʧʘʨʘ 

chromaticity diagram ï ʛʨʘʬʠʢ ʮʚʝʪʥʦʩʪʝʡ 

cornea ï ʨʦʛʦʚʠʮʘ (ʨʦʛʦʚʘʷ ʦʙʦʣʦʯʢʘ ʛʣʘʟʘ) 

outer cover ï ʥʘʨʫʞʥʘʷ ʦʙʦʣʦʯʢʘ 

sclera ï ʩʢʣʝʨʘ (ʙʝʣʦʯʥʘʷ ʦʙʦʣʦʯʢʘ ʛʣʘʟʘ) 

choroids ï ʩʦʩʫʜʠʩʪʘʷ ʦʙʦʣʦʯʢʘ ʛʣʘʟʘ 

iris ï ʨʘʜʫʞʥʘʷ ʦʙʦʣʦʯʢʘ ʛʣʘʟʘ 

visual response ï ʨʝʘʢʮʠʷ ʟʨʠʪʝʣʴʥʦʡ ʩʠʩʪʝʤʳ 

scotopic vision (night vision) ï ʩʢʦʪʦʧʠʯʝʩʢʦʝ (ʥʦʯʥʦʝ) ʟʨʝʥʠʝ 

photopic vision (day vision) ï ʬʦʪʦʧʠʯʝʩʢʦʝ (ʜʥʝʚʥʦʝ) ʟʨʝʥʠʝ 

 

Active Vocabulary: 
 

sensation ï ʦʱʫʱʝʥʠʝ; ʚʦʩʧʨʠʷʪʠʝ 

attribute ï ʩʚʦʡʩʪʚʦ; ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʯʝʨʪʘ 

uniform ï ʦʜʠʥʘʢʦʚʳʡ; ʦʜʥʦʨʦʜʥʳʡ; ʨʘʚʥʦʤʝʨʥʳʡ 

hue ï ʮʚʝʪʦʚʦʡ ʪʦʥ 

saturation ï ʥʘʩʳʱʝʥʥʦʩʪʴ 

quantitative measure ï ʢʦʣʠʯʝʩʪʚʝʥʥʘʷ ʤʝʨʘ 
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slit ï ʱʝʣʴ 

arrangement ï ʤʝʭʘʥʠʟʤ; ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ 

refraction ï ʧʨʝʣʦʤʣʝʥʠʝ  

under identical conditions ï ʚ ʦʜʠʥʘʢʦʚʳʭ ʫʩʣʦʚʠʷʭ 

infinitesimally small ï ʙʝʩʢʦʥʝʯʥʦ ʤʘʣʳʡ 

cross section ï ʧʦʧʝʨʝʯʥʳʡ ʨʘʟʨʝʟ 

bundle ï ʩʚʷʟʢʘ; ʧʫʯʦʢ 

respond (to) ï ʨʝʘʛʠʨʦʚʘʪʴ (ʥʘ) 

light-emitting diode ï ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʡ ʜʠʦʜ 

retina ï ʩʝʪʯʘʪʢʘ (ʩʝʪʯʘʪʘʷ ʦʙʦʣʦʯʢʘ ʛʣʘʟʘ) 

rods ï ʧʘʣʦʯʢʠ (ʩʝʪʯʘʪʢʠ) 

cones ï ʢʦʣʙʦʯʢʠ (ʩʝʪʯʘʪʢʠ) 

eyeball ï ʛʣʘʟʥʦʝ ʷʙʣʦʢʦ 

lens ï ʭʨʫʩʪʘʣʠʢ ʛʣʘʟʘ 

fovea ï ʮʝʥʪʨʘʣʴʥʘʷ ʷʤʢʘ (ʩʝʪʯʘʪʢʠ) 

blind spot ï ʩʣʝʧʦʝ ʧʷʪʥʦ  

mercury arc lamp ï ʨʪʫʪʥʘʷ ʜʫʛʦʚʘʷ ʣʘʤʧʘ 

 

 

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? 

2. What are the attributes of the light sources that cause them to be perceived differently? 

3. Which spectral energy distributions should two light sources have in order to possess the same 

hue when observed under identical conditions? 

4. How many perceptual descriptors are there? 

5. What lights are called metameric pairs? 

6. What does the saturation describe? 

7. What does figure 1.2 show? 

8. At what point is the density of cones greatest? 
 

 

VOCABULARY EXERCISES  

 

 

I. State the part of speech of the following words pointing out the word building elements. 

Give their Russian equivalents.  

 

Differ ï different ï difference; part ï partial ï partially; describe ï description ï descriptive ï 

descriptively ï descriptor; identical ï identifiable ï identification ï identify ï identity; equal ï 

equality ï equalizationï equalize ï equalizer ï equally. 

 

 

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

 

Verb Noun Adjective 

radiate   

represent   

measure   

intensify   

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

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

2. Itôs not difficult to represent the spectral energy ..é of light emitted from some primary light 

source. DISTRIBUTE 

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

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

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

identically. DIFFER 

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

7. The é.. 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 ..é learn the physical significance of 
different retinal images. OBSERVE 

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

 

 

IV. 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 sbôs ~, in a good ~,  to rise with the ~, to strike 

a ~, in the ~ of past events, to do oneôs best according to oneôs 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 oneôs 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 

chain n 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  

 

 

VI. 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 é.. . 2.  The a cones are primarily responsible for blue light é.. .           3. Points in space 

are é.. to lie at the same depth. 4.  I have no ..é of what he means. 5.  When applied to nuclei, the 

snapshot ..é is theoretical. 6. A person with good eyesight can é.. distant objects. 7.  In a normal 

metal dynamic and static ..é in the crystal lattice are responsible for the scattering of de Broglie 

waves. 8.  The electrons of lower energy follow a path of ..é radius than the full-strength electrons 

do. 9.  What are the é.. of the light sources that cause them to be perceived differently? 10. é.. 

describes the whiteness of a light source.   

 

 

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

 

a. Narrow, light, free, reflect, appear, solid, top, finite. 

b. Dependent, absorb, vanish, liquid, wide, darkness, infinite, bottom. 

 

 

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

 

ʉʦʛʣʘʩʥʦ, ʣʫʯʠʩʪʘʷ ʵʥʝʨʛʠʷ, ʟʨʝʥʠʝ, ʩʚʦʡʩʪʚʦ, ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ, ʩʦʣʥʝʯʥʳʡ ʩʚʝʪ, ʧʫʯʦʢ ʩʚʝʪʘ, 

ʷʨʢʦʩʪʴ, ʦʪʣʠʯʠʪʝʣʴʥʘʷ ʯʝʨʪʘ, ʱʝʣʴ, ʤʝʭʘʥʠʟʤ/ʧʨʠʩʧʦʩʦʙʣʝʥʠʝ, ʟʨʠʪʝʣʴʥʘʷ ʩʠʩʪʝʤʘ ʯʝʣʦʚʝʢ, 

ʧʦʚʝʨʭʥʦʩʪʴ, ʛʝʣʠʡ-ʥʝʦʥʦʚʳʡ ʣʘʟʝʨ. 

 

 

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 

ʧʨʦʙʣʝʤʘ ʯʝʛʦ? (ʢʘʢʘʷ?) Ÿ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ 

ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʯʝʛʦ?  Ÿ ʛʝʥʝʨʘʪʦʨʘ 

ʛʝʥʝʨʘʪʦʨʘ ʢʘʢʦʛʦ? Ÿ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ 

ʧʨʦʙʣʝʤʘ ʢʦʥʩʪʨʫʠʨʦʚʘʥʠʷ ʪʝʨʤʦʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʛʝʥʝʨʘʪʦʨʘ 

 

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 

 

 

II.  Correct the following statements. 

 

1. The mechanism by which light interacts with the organs of vision is well understood nowadays. 

2. A human being viewing the light sources will perceive these sources identically. 

3. There are five common perceptual descriptors of a light sensation. 

4. Intensity is an adequate quantitative measure of brightness.  

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

perceived identically. 

6. 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. 

 

 

III.  Translate the following text into English.
2
 

 

ɺ ʧʦʩʣʝʜʥʠʝ ʛʦʜʳ ʙʳʣʦ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʩʫʱʝʩʪʚʫʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ 

ʪʠʧʘ ʢʦʣʙʦʯʝʢ ʩʝʪʯʘʪʢʠ. ʕʪʠ ʢʦʣʙʦʯʢʠ ʠʤʝʶʪ ʨʘʟʣʠʯʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ 

ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʘʣʴʥʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʚ ʢʨʘʩʥʦʡ, ʟʝʣʝʥʦʡ ʠ ʛʦʣʫʙʦʡ ʦʙʣʘʩʪʷʭ 

ʦʧʪʠʯʝʩʢʦʛʦ ʩʧʝʢʪʨʘ. ʅʘ ʨʠʩʫʥʢʝ 1.4 ʧʨʠʚʝʜʝʥʳ ʪʠʧʠʯʥʳʝ ʢʨʠʚʳʝ ʩʧʝʢʪʨʘʣʴʥʦʛʦ 

ʧʦʛʣʦʱʝʥʠʷ ʧʠʛʤʝʥʪʦʚ ʩʝʪʯʘʪʢʠ. ʕʪʠ ʢʨʠʚʳʝ ʠʤʝʶʪ ʜʚʝ ʦʩʦʙʝʥʥʦʩʪʠ. ɺʦ-ʧʝʨʚʳʭ, ʢʦʣʙʦʯʢʠ 

ʪʠʧʘ a, ʧʦʛʣʦʱʘʶʱʠʝ ʚ ʦʩʥʦʚʥʦʤ ʩʠʥʠʡ ʩʚʝʪ, ʠʤʝʶʪ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʠʟʢʫʶ 

ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ. ɺʦ-ʚʪʦʨʳʭ, ʢʨʠʚʳʝ ʧʦʛʣʦʱʝʥʠʷ ʟʥʘʯʠʪʝʣʴʥʦ ʧʝʨʝʢʨʳʚʘʶʪ ʜʨʫʛ ʜʨʫʛʘ. 

ʉʫʱʝʩʪʚʦʚʘʥʠʝ ʪʨʝʭ ʪʠʧʦʚ ʢʦʣʙʦʯʝʢ ʩʣʫʞʠʪ ʬʠʟʠʦʣʦʛʠʯʝʩʢʠʤ ʦʙʦʩʥʦʚʘʥʠʝʤ ʪʨʝʭʮʚʝʪʥʦʡ 

ʪʝʦʨʠʠ ʮʚʝʪʦʚʦʛʦ ʟʨʝʥʠʷ. 

 

 
 

Figure 1.4. Typical spectral absorption curves of pigments of the retina [1]. 

(Permission for Reprint, courtesy of John Wiley & Sons, Inc.) 

                                                 
2
 The text was translated from the original book of W .K. Pratt, ñDigital image processing: PIKS insideò [1],  published 

by John Wiley & Sons, Inc. 
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Vocabulary Notes: 

 

absorption characteristic as a function of wavelength ï ʩʧʝʢʪʨʘʣʴʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʦʛʣʦʱʝʥʠʷ 

peak absorption ï ʤʘʢʩʠʤʘʣʴʥʦʝ ʧʦʛʣʦʱʝʥʠʝ 

absorption curve ï ʢʨʠʚʘʷ ʧʦʛʣʦʱʝʥʠʷ 

pigments in the retina ï ʧʠʛʤʝʥʪʳ ʩʝʪʯʘʪʢʠ 

primarily ï ʚ ʦʩʥʦʚʥʦʤ; ʛʣʘʚʥʳʤ ʦʙʨʘʟʦʤ 

sensitivity ï ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ 

to overlap ï ʧʝʨʝʢʨʳʚʘʪʴ 

trichromatic theory of color vision ï ʪʨʝʭʮʚʝʪʥʘʷ ʪʝʦʨʠʷ ʮʚʝʪʦʚʦʛʦ ʟʨʝʥʠʷ 

 

 

IV. Read the text and say what it is about.
3
  

 

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 )()()( lll EtC = , and for a reflective object 

)()()( lll ErC = . 

 

Vocabulary Notes: 

 

electromagnetic spectrum ï ʩʧʝʢʪʨ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʭ ʚʦʣʥ 

radiant intensity ï ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʠʟʣʫʯʝʥʠʷ 

self-luminous - ʩʘʤʦʩʚʝʪʷʱʠʡʩʷ 

transmitted light ï ʧʨʦʰʝʜʰʠʡ ʩʚʝʪ 

translucent - ʧʦʣʫʧʨʦʟʨʘʯʥʳʡ 

transmissivity ï ʧʨʦʧʫʩʢʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

reflectivity ï ʦʪʨʘʞʘʪʝʣʴʥʘʷ ʩʧʦʩʦʙʥʦʩʪʴ 

transmissive object ï ʧʨʝʜʤʝʪ, ʧʨʦʧʫʩʢʘʶʱʠʡ ʩʚʝʪ 

 

 

V. Read and translate the text.
4
  

 

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 

                                                 
3
 The text was adopted from the original book of W.K.Pratt, ñDigital image processing: PIKS insideò [1], by courteous 

permission of John Wiley & Sons, Inc. 
4
 The text was adopted from the original book of W.K.Pratt, ñDigital image processing: PIKS insideò [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 ï ʬʦʪʦʭʠʤʠʯʝʩʢʠʡ ʧʝʨʝʭʦʜ 

deterministic characterization ï ʧʦʣʥʦʝ ʦʧʠʩʘʥʠʝ 

 

 

VI. Reproduce the main text. 

 

 

VII. Write an annotation on the text. 
 

 

VIII. Topics for discussion. 

 

1. What is light? 

 

Light, according to Websterôs Dictionary, is óradiant energy which, by its action on the organs of 

vision, enables them to perform their function of sightô. 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)ȷʌnȟkjɗlȦ], homologous [hȦʌmȟlȦgȦs], precise [prȷʌsaȷs], occlude [ȟʌkluʓd], 

muscle [məsl], geometry [ɱiʌȟmȷtr i]. 

 

 

II. 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 ï 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. 
 

 

III. Skim the text quite quickly to get a general understanding and answer the questions 

given. Consult the vocabulary after the text. 

 

1. What is this text about? 

2. What does binocular vision provide us with? 

3. What are the relations of different retinal images to objects in the real world? 

4. What provides our brain with a powerful cue to 3D spatial relationships? 

5. How is the binocular disparity processed? 
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HUMAN DEPTH PERCEPTION
5
 

 

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: 

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

¶ Linear perspective: the same size object at different distances projects a different size image 

onto the retina. 

¶ Light and Shade: the way light reflects from objects provides cues to their depth 

relationships, shadows are particularly important in this respect. 

¶ Relative Size, an object with smaller retinal image is judged further away than the same 

object with a larger retinal image. 

¶ Texture Gradient: a texture of constant size objects, such as pebbles or grass, will vary in 

size on the retina with distance. 

¶ 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. 

 

 
 

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

(photographer David Burder) 

                                                 
5
 The text was adopted for language learning purposes from preprint of the original work of N.S. Holliman ñThree-

dimensional display systemsò[2].  

Texture Gradient

Perspective

Aerial distortion

Known
objects

Shading

Occlusion
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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 observerôs 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. 

 

 

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 

observerôs 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 objectôs 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 ï ʦʜʥʦʠʤʝʥʥʳʝ ʪʦʯʢʠ; ʩʦʦʪʚʝʪʩʪʚʝʥʥʳʝ ʪʦʯʢʠ (ʠʟʦʙʨʘʞʝʥʠʡ) 

stereopsis ï ʙʠʥʦʢʫʣʷʨʥʳʡ ʩʪʝʨʝʦʵʬʬʝʢʪ 

oculomotor cues ï ʦʢʫʣʦʤʦʪʦʨʥʳʝ (ʛʣʘʟʦʜʚʠʛʘʪʝʣʴʥʳʝ) ʬʘʢʪʦʨʳ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʛʦ ʚʠʜʝʥʠʷ 

stereoscopic depth cues ï ʙʠʥʦʢʫʣʷʨʥʳʝ ʬʘʢʪʦʨʳ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʛʦ ʚʠʜʝʥʠʷ 

monocular vision ï ʤʦʥʦʢʫʣʷʨʥʦʝ ʟʨʝʥʠʝ (ʚʠʜʝʥʠʝ) 

monocular depth cues; 2D depth cues ï ʤʦʥʦʢʫʣʷʨʥʳʝ ʬʘʢʪʦʨʳ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʛʦ ʚʠʜʝʥʠʷ 

texture gradient ï ʠʟʤʝʥʝʥʠʝ ʪʝʢʩʪʫʨʳ 

aerial perspective ï ʚʦʟʜʫʰʥʘʷ ʧʝʨʩʧʝʢʪʠʚʘ 

color hue ï ʮʚʝʪʦʚʦʡ ʪʦʥ; ʦʪʪʝʥʦʢ ʮʚʝʪʘ 

motion parallax ï ʧʘʨʘʣʣʘʢʩ ʜʚʠʞʝʥʠʷ 

vergence point ï ʮʝʥʪʨ ʢʦʥʚʝʨʛʝʥʮʠʠ (ʦʩʝʡ ʛʣʘʟ) 

retinal disparity ï ʩʝʪʯʘʪʦʯʥʘʷ ʜʠʩʧʘʨʘʪʥʦʩʪʴ (ʠʟʦʙʨʘʞʝʥʠʡ ʥʘ ʩʝʪʯʘʪʢʝ) 

horopter ï ʛʦʨʦʧʪʝʨ 

depth sensation ï ʦʱʫʱʝʥʠʝ ʛʣʫʙʠʥʳ (ʧʨʦʩʪʨʘʥʩʪʚʘ) 

 

Active Vocabulary: 
 

cue ï ʩʠʛʥʘʣ; ʥʘʤʝʢ 

depth cues ï ʧʨʠʟʥʘʢʠ ʛʣʫʙʠʥʳ; ʬʘʢʪʦʨʳ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʛʦ ʚʠʜʝʥʠʷ 

incident ï (ʬʠʟ.) ʧʘʜʘʶʱʠʡ 

solid ï (ʤʘʪʝʤ.) ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ; ʪʨʝʭʤʝʨʥʳʡ 

pictorial ï ʠʟʦʙʨʘʟʠʪʝʣʴʥʳʡ; ʛʨʘʬʠʯʝʩʢʠʡ 

redundancy ï ʠʟʙʳʪʦʯʥʦʩʪʴ 

experiential ï ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʳʪʝ; ʵʤʧʠʨʠʯʝʩʢʠʡ 

interposition ï ʚʩʪʘʚʢʘ; ʥʘʭʦʞʜʝʥʠʝ ʤʝʞʜʫ ʯʝʤ-ʪʦ 

occlude ï ʧʨʝʛʨʘʞʜʘʪʴ; ʟʘʢʨʳʚʘʪʴ 

scatter ï ʨʘʩʩʝʠʚʘʪʴ 

diffuse ï ʨʘʩʩʝʠʚʘʪʴ 

vergence (convergence) ï ʢʦʥʚʝʨʛʝʥʮʠʷ; ʩʭʦʞʜʝʥʠʝ ʚ ʦʜʥʦʡ ʪʦʯʢʝ 

comprehend ï ʧʦʥʠʤʘʪʴ 

disparity ï ʜʠʩʧʘʨʘʪʥʦʩʪʴ; ʥʝʩʦʦʪʚʝʪʩʪʚʠʝ 

 

 

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

1. What did the author mean saying about redundancy built into the visual system? 

2. What is aerial perspective? 

3. Which monocular depth cues can you name? 

4. Why is the stereoscopic depth cue most useful to make judgements on the relative rather than 

absolute depth of objects in space? 

5. Which focus of points in space is called the horopter? 

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

 
 

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 ï deepen ï deeply; judge ï judgement ï judgeship ï judgmatical; perceive ï perceptibility ï 

perceptible ï perception ï perceptive ï perceptivity; perfect ï perfectibility ï perfectible ï 

perfecting ï perfection; complex ï complexity; dispose ï disposal ï disposed ï disposer ï 

disposition. 

 

 

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

 

Verb Noun Adjective 

inform   

add   

observe   

reflect   

illustrate   

 

 

III. 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 ..é, sharp edges are diffused. 
SATURATE 

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

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

4. There is no é.. between the location of the vergence point in the left and right retinal images. 
DIFFER 

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

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

7. The stereoscopic depth sensation could é.. 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 é.. different 
viewpoints. SLIGHT 

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

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

 

 

IV. 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 smbôs 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 

 

 

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

correct form. 

 

1.  The human ..é system also makes use of other depth cues to help interpret the two images 

incident on the retina. 2.  As light travels long distances it é.. . 3. é.. 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 é.. to lie at the same depth.      5. é.. 

judgement is therefore relative to the current vergence point, F.  6.  The smallest ..é change in 

angular disparity between two small objects is referred to as stereo acuity. 7. ..é depth is inversely 

proportional to individual eye separation. 8.  This can provide é.. information on the depth 

relationships of objects in a scene. 

 

 

VII. 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. 

 

 

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

 

ʊʨʝʭʤʝʨʥʳʡ; ʦʙʲʝʤʥʳʡ (ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʡ); ʧʘʜʘʶʱʠʡ; ʩʝʪʯʘʪʢʘ; (ʨʘʜʠʦ)ʩʠʛʥʘʣ; 

ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʦʧʳʪʝ (ʵʤʧʠʨʠʯʝʩʢʠʡ); ʨʘʩʩʝʠʚʘʪʴ; ʥʘʩʳʱʝʥʥʦʩʪʴ; ʦʙʨʘʪʥʘʷ ʩʚʷʟʴ; 

ʟʨʠʪʝʣʴʥʘʷ ʦʩʴ; ʬʠʢʩʠʨʫʝʤʘʷ ʪʦʯʢʘ. 

 

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 

 

 

II. Correct the wrong statements using the following as phrase-openings: on the contrary, I 

donôt believe that, to my mind, it is considered that. 

 

1. Binocular vision canôt provide humans with the advantage of depth perception. 

2. People with monocular vision are unable to perform well when judging depth in the real world. 

3. The monocular depth cues are not experiential. 

4. Objects occluding each other donôt suggest their depth ordering. 

5. The way light reflects from objects canôt provide cues to their depth relationships. 

6. A texture of constant size objects such as pebbles or grass wonôt 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. 

 

 

III. Translate the following text into English.
6
 

 

ʅʝʢʦʪʦʨʳʝ ʠʩʩʣʝʜʦʚʘʪʝʣʠ ʚʳʜʝʣʷʶʪ ʪʨʠ ʦʩʥʦʚʥʳʭ ʧʦʜʭʦʜʘ ʢ ʩʦʟʜʘʥʠʶ 3D-ʜʠʩʧʣʝʝʚ. ʕʪʦ 

ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʝ ʩʪʝʨʝʦʩʢʦʧʠʠ, ʤʝʪʦʜ ʥʘ ʦʩʥʦʚʝ ʛʦʣʦʛʨʘʬʠʠ ʠ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʦʙʲʝʤʥʦʡ 

ʩʨʝʜʳ. 

ɺ ʤʝʪʦʜʝ, ʦʩʥʦʚʘʥʥʦʤ ʥʘ ʩʪʝʨʝʦʩʢʦʧʠʠ, ʦʱʫʱʝʥʠʝ ʛʣʫʙʠʥʳ ʧʨʦʩʪʨʘʥʩʪʚʘ ʚʦʩʩʦʟʜʘʝʪʩʷ 

ʧʫʪʝʤ ʧʨʝʜʲʷʚʣʝʥʠʷ ʢʘʞʜʦʤʫ ʠʟ ʛʣʘʟ ʟʨʠʪʝʣʷ ʦʪʜʝʣʴʥʦʛʦ ʧʣʦʩʢʦʛʦ ʠʟʦʙʨʘʞʝʥʠʷ. 

ʀʟʦʙʨʘʞʝʥʠʷ, ʧʨʝʜʲʷʚʣʷʝʤʳʝ ʣʝʚʦʤʫ ʠ ʧʨʘʚʦʤʫ ʛʣʘʟʘʤ ʟʨʠʪʝʣʷ ʜʦʣʞʥʳ ʙʳʪʴ 

ʠʟʦʙʨʘʞʝʥʠʷʤʠ ʦʜʥʦʡ ʠ ʪʦʡ ʞʝ ʩʮʝʥʳ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʦʪʣʠʯʘʶʱʠʭʩʷ ʪʦʯʝʢ 

ʟʨʝʥʠʷ. 

ʈʘʟʣʠʯʠʝ  ʪʦʯʝʢ ʟʨʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʨʘʟʣʠʯʠʷʤ ʚ ʧʦʣʫʯʝʥʥʳʭ ʠʟʦʙʨʘʞʝʥʠʷʭ. 

ɺʧʦʩʣʝʜʩʪʚʠʠ, ʧʨʠ ʨʘʟʜʝʣʴʥʦʤ ʙʠʥʦʢʫʣʷʨʥʦʤ ʥʘʙʣʶʜʝʥʠʠ ʵʪʠʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʫ ʟʨʠʪʝʣʷ 

ʧʦʷʚʣʷʝʪʩʷ ʦʱʫʱʝʥʠʝ ʛʣʫʙʠʥʳ ʧʨʦʩʪʨʘʥʩʪʚʘ, ʪʘʢ ʢʘʢ ʨʘʟʣʠʯʠʷ ʚ ʠʟʦʙʨʘʞʝʥʠʷʭ ʧʨʠʚʦʜʷʪ ʢ 

ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʩʝʪʯʘʪʦʯʥʦʡ ʜʠʩʧʘʨʘʪʥʦʩʪʠ ʧʦʜʦʙʥʦʡ ʪʦʡ, ʯʪʦ ʠʤʝʝʪ ʤʝʩʪʦ ʧʨʠ 

ʥʝʧʦʩʨʝʜʩʪʚʝʥʥʦʤ ʥʘʙʣʶʜʝʥʠʠ ʨʝʘʣʴʥʦʡ ʪʨʝʭʤʝʨʥʦʡ ʩʮʝʥʳ. 

 

Vocabulary Notes: 

 

single out ï ʚʳʜʝʣʷʪʴ 

approach (to) ï ʧʦʜʭʦʜ (ʢ) 

stereoscopy ï ʩʪʝʨʝʦʩʢʦʧʠʷ 

volumetric medium ï ʦʙʲʝʤʥʘʷ ʩʨʝʜʘ 

recreate ï ʚʦʩʩʦʟʜʘʚʘʪʴ 

separate ï ʦʪʜʝʣʴʥʳʡ 

subsequently ï ʚʧʦʩʣʝʜʩʪʚʠʠ 

 

 

                                                 
6
 The text was translated from preprint of the original work of N.S. Holliman ñThree-dimensional display systemsò[2].  
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IV. Read the text and say what it is about.
7
 

 

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. 

 

Points in front of the fixation point, such as B, have negative disparity. 

 

The smallest perceptible change in angular disparity between two small objects is referred to as 

stereo acuity, d. 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: 

 

Various studies show the eye is able to distinguish very small values of d, as little as 1:8ò 

(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 d = 20ò. Using this value we can calculate the size of 

the smallest distinguishable depth difference at a given distance from the observer. 

 

 

Figure 2.3. Angular disparity is defined relative to the current fixation point [2]. 

 

 

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

 

                                                 
7
 The text was adopted for language learning purposes from preprint of the original work of N.S. Holliman ñThree-

dimensional display systemsò[2].  

afa -=a

bfb -=a

ca-=d
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V. Read the text and render it in Russian.
8
 

 

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: 

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

be judged directly using binocular vision. 

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

ignore those at other depths using binocular vision. 

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

of the key evolutionary reasons for having binocular vision 

¶ 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. 

¶ 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. 

 

 

VI. Reproduce the main text. 

 

 

VII. Write an annotation on the text. 

 

 

VIII. Topics for discussion. 

 

1. Depth judgement with conventional 2D display. 

 

Can video viewed with conventional 2D display provide any additional depth cues in comparison 

with painting pictured on the sheet of paper? Prove you viewpoint using 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 óFoundations of the Stereoscopic Cinema: a Study in 

Depthô, óall filmmaking is three-dimensional in the sense that motion pictures provide many cues to 

depth that also help us perceive the visual worldô. 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 óvolumetric imageô? Use information about depth cues to formulate the definition. 

  

                                                 
4
 The text was adopted for language learning purposes from preprint of the original work of N.S. Holliman ñThree-

dimensional display systemsò[2].  
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PART TWO 

 

STEREOSCOPY 
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UNIT 3 
 

POLARISED STEREOSCOPIC PROJECTION 
 

 

READING   

 

 

I. Read the following words paying attention to pronunciation. 

 

Available [ȦʌveȷlȦbl ],  purify [ʌpjɗȦrȷfaȷ],  percentage [pȦʌsentȷɱ],  accuracy [ʌÞkjɗrȦsi], 

attribute v [Ȧʌtrȷbjuʓt] ï attribute n [ʌÞtrȷbjuʓt ], distinguish [dȷʌstȷƂgwȷɐ]. 

  

 

II. 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 ï e.g. Ñ 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. 

 

 

III. 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? 

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

4. What configurations of optical filters may be used to obtain the correct linear polarization with 

each of video projectors from Figure 3.1? 

5. What are linear polarizers placed for in configuration from Figure 3.1c? 
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POLARISED STEREOSCOPIC PROJECTION
9
 

 

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 ï hence the orientation of a polariser placed on the front of the projector 

didnôt 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 ï 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) ï most three-panel 

LCD projectors are in this category. For the purposes of this paper, letôs call this a Type 1 

LCD projector. 

c. linear polarised output with all colours in the same direction ï as with single panel LCD 

projectors and some three-panel LCD projectors. Letôs 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. 

 

 

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 +45Á or -45Á 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 +45Á or -45Á orientations ï 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. 

                                                 
9
 The text was adopted for language learning purposes from preprint of the original paper of A.J. Woods ñOptimal 

usage of LCD projectors for polarised stereoscopic projectionò [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 projectorôs 

output lens ï 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 projectorôs output lens reaches the screen (0% light loss). 

 

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

Projector Type and Configuration 
Efficiency 

Measured Calculated 

(a) Unpolarised output (CRT/DMD) ~25% ~35% 

(b) Linear polarised with colours non-co-linear (Type 

1 LCD) 
~32% ~50% 

(c) Linear polarised with all colours co-linear (Type 2 

LCD) 
~57% ~62% 

 

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 

(a) (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) ï ɾʂɼ (ʞʠʜʢʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʡ ʜʠʩʧʣʝʡ) 

CRT (cathode ray tube) ï ʕʃʊ (ʵʣʝʢʪʨʦʥʥʦ-ʣʫʯʝʚʘʷ ʪʨʫʙʢʘ) 

DMD (digital micro-mirror device) ï ʮʠʬʨʦʚʦʝ ʤʠʢʨʦʟʝʨʢʘʣʴʥʦʝ ʫʩʪʨʦʡʩʪʚʦ - ʫʩʪʨʦʡʩʪʚʦ, 

ʠʩʧʦʣʴʟʫʝʤʦʝ ʚ ʪʝʭʥʦʣʦʛʠʠ DLP 

DLP (digital light processing) ï ʮʠʬʨʦʚʘʷ ʦʙʨʘʙʦʪʢʘ ʩʚʝʪʘ; ʪʝʭʥʦʣʦʛʠʷ DLP - ʪʝʭʥʦʣʦʛʠʷ 

ʦʙʨʘʙʦʪʢʠ ʩʚʝʪʘ, ʨʘʟʨʘʙʦʪʘʥʥʘʷ ʢʦʤʧʘʥʠʝʡ Texas Instruments 

bulk ï ʦʩʥʦʚʥʘʷ ʤʘʩʩʘ; ʙʦʣʴʰʘʷ ʯʘʩʪʴ 

ship ï ʧʦʩʪʘʚʣʷʪʴ (ʪʦʚʘʨ)  

purify the linear polarization ï ʧʦʚʳʰʘʪʴ ʩʪʝʧʝʥʴ ʣʠʥʝʡʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ 

non-linear response of the eye ï ʥʝʣʠʥʝʡʥʘʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ ʨʝʘʢʮʠʠ ʛʣʘʟʘ 

 

Active Vocabulary: 
 

interaction ï ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ 
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match ï ʧʦʜʭʦʜʠʪʴ; ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ 

quote ï ʧʨʠʚʦʜʠʪʴ (ʚ ʢʘʯʝʩʪʚʝ ʧʨʠʤʝʨʘ, ʠʣʣʶʩʪʨʘʮʠʠ) 

achieve ï ʜʦʩʪʠʛʘʪʴ (ʮʝʣʠ) 

reach ï ʜʦʩʪʠʛʘʪʴ (ʤʝʩʪʘ) 

assessment ï ʦʮʝʥʢʘ; ʦʧʨʝʜʝʣʝʥʠʝ ʮʝʥʥʦʩʪʠ 

approximate ï ʧʨʠʙʣʠʟʠʪʝʣʴʥʳʡ 

accuracy ï ʧʨʘʚʠʣʴʥʦʩʪʴ; ʪʦʯʥʦʩʪʴ 

trend ï ʦʙʱʝʝ ʥʘʧʨʘʚʣʝʥʠʝ; ʪʝʥʜʝʥʮʠʷ  

confirmation ï ʧʦʜʪʚʝʨʞʜʝʥʠʝ 

overall ï ʩʫʤʤʘʨʥʳʡ ʨʝʟʫʣʴʪʘʪ 

attribute (to) ï ʦʙʲʷʩʥʷʪʴ (ʯʝʤ-ʣʠʙʦ)  

distinguish ï ʨʘʟʣʠʯʠʪʴ; ʨʘʟʛʣʷʜʝʪʴ 

distortion ï ʠʩʢʘʞʝʥʠʝ 

orient at any angle ï ʨʘʩʧʦʣʘʛʘʪʴ ʧʦʜ ʧʨʦʠʟʚʦʣʴʥʳʤ ʫʛʣʦʤ 

co-linear ï ʢʦʣʣʠʥʝʘʨʥʳʡ 

retarder ï ʬʘʟʦʚʘʷ ʧʣʘʩʪʠʥʢʘ 

half-wave retarder ï ʧʦʣʫʚʦʣʥʦʚʘʷ (ʬʘʟʦʚʘʷ) ʧʣʘʩʪʠʥʢʘ 

 

 

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

1. What does polarized stereoscopic projection involve? 

2. What are the two views for circular polarization? 

3. Into what categories do video projectors fall? 

4. What does Figure 3.1 show? 

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

 

VOCABULARY EXERCISES  

 

 

I. State the part of speech of the following words pointing out the word building elements. 

Give their Russian equivalents. 

 

Project ï projector ï projection; line ï lineal ï lineally ï linear ï lineation ï lineman; single ï 

singleton ï singly ï singular ï singularize ï singularly; vary ï various ï variously ï variability ï 

variable ï variance ï variant ï variational; retard ï retardation ï retarder. 

 

 

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

 

Verb Noun Adjective 

imagine   

polarize   

direct   

measure   

calculate   

differ   

assess   

 

 

III. 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 é.. when DLP and CRT projectors are used for linear polarized stereoscopic 
projection. LOSE 

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

3. Similar principles é.. to circular polarization. APPLY 

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

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

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

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

are considering. BRIGHT 

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

 

 

IV. 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 sbôs ~ to sth, to give oneôs ~ to sb, to redouble oneôs ~) 

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 sbôs favour, against sth, between two alternatives, on a course 

of of action) 

end (~ oneôs 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 

 

 

VI. 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 é are used for linear polarized stereoscopic 

projection. (project) 

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

3. Projectors with unpolarised outputs are generally é. (use) 
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4. It is é that the bulk of the light be rotated into the desired +45Á or -45Á orientations. (desire) 

5. Both measured and calculated figures are listed because the difference between them provides 

some é of the approximate accuracy of the figures. (assess) 

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

 

 

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

 

a. Involved, output, desire, various, rotate, pair. 

b. Different, move round a central point, information produced in a computer, two things of  the 

same kind used together, complicated in a form, wish. 

 

 

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

 

ʃʠʥʝʡʥʘʷ ʧʦʣʷʨʠʟʘʮʠʷ; ʢʨʫʛʦʚʘʷ ʧʦʣʷʨʠʟʘʮʠʷ; ʧʦ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʝ; ʧʨʦʪʠʚ ʯʘʩʦʚʦʡ ʩʪʨʝʣʢʠ; 

ʩʚʝʪʦʚʳʝ ʧʦʪʝʨʠ; ʠʩʢʘʞʝʥʠʝ ʩʚʝʪʘ; ʧʦʜʭʦʜʠʪʴ, ʩʦʦʪʚʝʪʩʪʚʦʚʘʪʴ; ʠʟʣʫʯʘʪʴ; ʢʦʣʣʠʥʝʘʨʥʳʡ. 

 

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 

 

 

II. Correct the wrong statements using the following as phrase-openings: on the contrary, I 

donôt believe that, to my mind, it is considered that. 

 

1. Polarized stereoscopic projection involves the polarization of left projected images. 

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

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

4. The output polarization falls into two categories. 

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

without light loss and color distortion. 

6. The linear polarizer at the output of the projector can be oriented only at half-angle. 
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7. Without the retarders the image is weaker. 

 

 

III. Translate the following sentences into English. 

 

1. ʇʦʣʷʨʠʟʘʮʠʦʥʥʘʷ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʘʷ ʧʨʦʝʢʮʠʷ ʚʢʣʶʯʘʝʪ ʚ ʩʝʙʷ ʧʦʣʷʨʠʟʘʮʠʶ ʩʚʝʪʦʚʳʭ  

ʧʦʪʦʢʦʚ, ʠʜʫʱʠʭ ʦʪ ʜʚʫʭ ʠʟʦʙʨʘʞʝʥʠʡ, ʚ ʦʨʪʦʛʦʥʘʣʴʥʳʭ ʥʘʧʨʘʚʣʝʥʠʷʭ. 

2. ʇʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɾʂɼ-ʧʨʦʝʢʪʦʨʦʚ ʩʣʝʜʫʝʪ ʧʦʤʥʠʪʴ, ʯʪʦ ʩʚʝʪ ʥʘ ʚʳʭʦʜʝ ʧʨʦʝʢʪʦʨʦʚ 

ʵʪʦʛʦ ʪʠʧʘ ʫʞʝ ʧʦʣʷʨʠʟʦʚʘʥ. 

3. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʚʝʣʠʯʠʥʘ ʩʚʝʪʦʚʳʭ ʧʦʪʝʨʴ ʚ ʨʘʟʣʠʯʥʳʭ ʩʠʩʪʝʤʘʭ 

ʧʦʣʷʨʠʟʘʮʠʦʥʥʦʡ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʦʡ ʧʨʦʝʢʮʠʠ. 

4. ʅʝʦʙʭʦʜʠʤʦ ʨʝʢʦʤʝʥʜʦʚʘʪʴ ʦʧʪʠʤʘʣʴʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ ʧʨʦʝʢʮʠʦʥʥʦʡ ʩʠʩʪʝʤʳ. 

5. ʅʘʣʠʯʠʝ ʦʧʨʝʜʝʣʝʥʥʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʫ ʩʚʝʪʘ ʥʘ ʚʳʭʦʜʝ ɾʂɼ-ʧʨʦʝʢʪʦʨʘ ʥʘ ʩʘʤʦʤ ʜʝʣʝ 

ʷʚʣʷʝʪʩʷ ʧʨʝʠʤʫʱʝʩʪʚʦʤ. 

6. ɺ ʦʙʱʝʤ, ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ɾʂɼ-ʧʨʦʝʢʪʦʨʘ ʩʚʝʪʦʚʳʝ ʧʦʪʝʨʠ ʙʫʜʫʪ ʤʝʥʴʰʝ. 

 

 

IV. Read the text and reproduce it in English in short.
10

 

 

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 ï ʵʢʩʧʣʫʘʪʘʮʠʦʥʥʳʝ ʢʘʯʝʩʪʚʘ; ʧʨʦʠʟʚʦʜʠʪʝʣʴʥʦʩʪʴ 

adjust ï ʨʝʛʫʣʠʨʦʚʘʪʴ; ʥʘʩʪʨʘʠʚʘʪʴ 

gain ï ʧʨʠʨʦʩʪ; ʫʚʝʣʠʯʝʥʠʝ; (ʪʣʚ.) ʫʩʠʣʝʥʠʝ 

sharpness ï ʨʝʟʢʦʩʪʴ 

 

 

V. Read the text and render it in Russian.
11

 

 

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. 

                                                 
10

 The text was adopted for language learning purposes from preprint of the original paper of A.J. Woods ñOptimal 

usage of LCD projectors for polarised stereoscopic projectionò[3].  
11

 The text was adopted for language learning purposes from preprint of the original paper of A.J. Woods ñOptimal 

usage of LCD projectors for polarised stereoscopic projectionò[3].  
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Vocabulary Notes: 

 

survey ï ʦʙʟʦʨ 

reveal ï ʦʪʢʨʳʚʘʪʴ; ʦʙʥʘʨʫʞʠʚʘʪʴ 

 

 

VI. Reproduce the main text. 

 

 

VII. Write an annotation on the text. 

 

 

VIII. 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 [sȷʌkwenɐȦl], transparent [trÞnʌspeȦrȦnt ], gauge [geȷɱ], transition [trÞnʌsȷɐn], alter 

[ʌȡʓltȦ], angle [ʌÞƂgl ],  incident [ʌȷnsȷdȦnt ], acceptable [ȦkʌseptȦbl ].  

 

 

II. 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 ï 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 I 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. 

 

 

III. 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 do you know about 3D displays? 

3. Which lenses do field sequential displays use? 

4. What is the quality of image produced by field sequential 3D? 

5. Do gratings alter the angle of incident rays? 

6. What quality will such displays deliver? 
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TIME-MULTIPLEXED 3D DISPLAY
12

 

 

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 ï how is this 

eliminated? 

If a ray is shone vertically up to a mirror angled at 45Á 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 45Á 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 45Á 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 ñTime-multiplexed 3D 

displayò [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 LEDôs, it is expected 

that the displays will deliver good quality 3D images at an acceptable manufacturing cost. 

 

 

Figure 4.1. A field sequential 3D display comprises a high frame rate LCD illuminated with 

scanning rays of light [4]. 

 

 

Figure 4.2. An angled mirror converts ray deflection in the vertical plane to ray deflection in the 

horizontal plane [4]. 

 



39 

 

 

 

Figure 4.3. Illuminate 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) ï ʜʠʩʧʣʝʡ ʩ ʚʨʝʤʝʥʥʤr ʨʘʟʜʝʣʝʥʠʝʤ  

(ʯʝʨʝʜʦʚʘʥʠʝʤ) ʠʟʦʙʨʘʞʝʥʠʡ ï ʥʘʟʚʘʥʠʝ ʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʭ ʜʠʩʧʣʝʝʚ, ʚ ʢʦʪʦʨʳʭ ʠʟʦʙʨʘʞʝʥʠʷ 

ʨʘʟʣʠʯʥʳʭ ʨʘʢʫʨʩʦʚ ʦʙʲʝʢʪʘ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʟʨʠʪʝʣʶ ʧʦʦʯʝʨʝʜʥʦ, ʚ ʨʘʟʣʠʯʥʳʝ ʤʦʤʝʥʪʳ 

ʚʨʝʤʝʥʠ 

ferroelectric crystals ï ʩʝʛʥʝʪʦʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ; ʬʝʨʨʦʵʣʝʢʪʨʠʢʠ 

blurring at depth ï ʨʘʟʤʳʚʘʥʠʝ (ʠʟʦʙʨʘʞʝʥʠʷ) ʧʦ ʛʣʫʙʠʥʝ 

f-number ï ʜʠʘʬʨʘʛʤʝʥʥʦʝ ʯʠʩʣʦ (ʦʙʲʝʢʪʠʚʘ) 

compound lens ï ʩʦʩʪʘʚʥʘʷ ʣʠʥʟʘ 

lenslet array ï ʣʠʥʟʦʚʳʡ ʨʘʩʪʨ 

flicker-free image ï ʥʝʤʝʨʮʘʶʱʝʝ ʠʟʦʙʨʘʞʝʥʠʝ 

base of stack of mirrors ï ʦʩʥʦʚʘʥʠʝ ʩʪʦʧʳ ʟʝʨʢʘʣ 

whim ï ʧʨʠʭʦʪʴ; ʢʘʧʨʠʟ; ʧʨʠʯʫʜʘ 

wistfully ï ʪʦʩʢʫʷ; ʩʪʨʘʩʪʥʦ ʞʝʣʘʷ ʯʝʛʦ-ʪʦ 

mould ï ʦʪʣʠʚʘʪʴ ʬʦʨʤʫ; ʜʝʣʘʪʴ ʧʦ ʰʘʙʣʦʥʫ 

 

Active Vocabulary: 

 

slab ï ʧʣʘʩʪʠʥʘ 

emboss ï ʥʘʥʦʩʠʪʴ ʨʝʣʴʝʬ; ʚʳʧʫʢʣʳʡ ʨʠʩʫʥʦʢ 

grating ï ʜʠʬʨʘʢʮʠʦʥʥʘʷ ʨʝʰʝʪʢʘ 

discrimination ï ʨʘʟʣʠʯʝʥʠʝ; ʨʘʟʛʨʘʥʠʯʝʥʠʝ 

stem from ï ʧʨʦʠʩʭʦʜʠʪʴ ʦʪ; ʷʚʣʷʪʴʩʷ ʨʝʟʫʣʴʪʘʪʦʤ ʯʝʛʦ-ʪʦ 

gauge ï ʠʟʤʝʨʷʪʴ; ʦʮʝʥʠʚʘʪʴ 

transition ï ʧʝʨʝʭʦʜ 

bulk ï ʚʝʣʠʯʠʥʘ; ʦʙʲʝʤ 

bulky ï ʛʨʦʤʦʟʜʢʠʡ; ʟʘʥʠʤʘʶʱʠʡ ʤʥʦʛʦ ʤʝʩʪʘ 

gain acceptance ï ʧʦʣʫʯʠʪʴ ʧʨʠʟʥʘʥʠʝ 
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capture ï ʟʘʧʠʩʳʚʘʪʴ (ʩ ʧʦʤʦʱʴʶ ʚʠʜʝʦʢʘʤʝʨʳ) 

deflect ï ʦʪʢʣʦʥʷʪʴ; ʠʟʤʝʥʷʪʴ ʥʘʧʨʘʚʣʝʥʠʝ 

angle ï ʨʘʩʧʦʣʘʛʘʪʴ ʧʦʜ ʫʛʣʦʤ 

emerge ï ʧʦʷʚʣʷʪʴʩʷ; ʚʳʭʦʜʠʪʴ 

fi t ï ʫʤʝʱʘʪʴʩʷ; ʧʦʤʝʱʘʪʴʩʷ 

overlap ï ʥʘʣʦʞʝʥʠʝ; ʩʦʚʧʘʜʝʥʠʝ; ʧʝʨʝʢʨʳʪʠʝ 

settle ï ʫʢʣʘʜʳʚʘʪʴ(ʩʷ); ʫʩʪʨʘʠʚʘʪʴ(ʩʷ) 

solid object ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʡ (ʪʨʝʭʤʝʨʥʳʡ) ʦʙʲʝʢʪ 

partially reflective mirror ï ʯʘʩʪʠʯʥʦ ʦʪʨʘʞʘʶʱʝʝ ʟʝʨʢʘʣʦ 

injected rays ï ʚʭʦʜʷʱʠʝ ʣʫʯʠ 

emergent rays ï ʚʳʭʦʜʷʱʠʝ ʣʫʯʠ 

microscope cover slip ï ʧʦʢʨʦʚʥʦʝ ʩʪʝʢʣʦ ʤʠʢʨʦʩʢʦʧʘ 

frame rate ï ʩʢʦʨʦʩʪʴ ʩʤʝʥʳ ʢʘʜʨʦʚ (ʯʘʩʪʦʪʘ ʢʘʜʨʦʚʦʡ ʨʘʟʚʝʨʪʢʠ) 

 

 

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

 

1. What kind of 3D display do people usually talk of? 

2. What is a conceptually simple way of making field sequential 3D display? 

3. How is it possible to eliminate the bulk of the 3D display original concept? 

4. Why should the mirrors in stack be only partially reflective? 

5. Why must a spot source be placed in the focal plane of a lens segment? 

 

 

VOCABULARY EXERCISES  

 

 

I. State the part of speech of the following words pointing out the word-building elements. 

Give their Russian equivalents.  

 

Able ï ability ï enable; image ï imageable ï imagery ï imaginable ï imaginary ï imagination ï 

imagine; concept ï conception ï conceptual ï conceptually; suffice ï sufficiency ï sufficient ï 

sufficiently; vary ï variety ï various ï variously; part ï partial ï partially; alter ï alterable ï 

alteration. 

 

 

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

 

Verb Noun Adjective 

limit    

produce   

accept   

reflect   

satisfy   

 

 

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

 

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

2. The é.. grating must be weak. EMBOSS 

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

4. 3D display was developed in which the roles of liquid crystal and light source are .é. . 
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INTERCHANGE 

5. The lens segment is é.. symmetric. CIRCULAR 

6. The display substrate ..é crystalline silicon. BE  

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

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

FORM 

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

 

IV. 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 

 

 

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

correct form. 

 

1.  The concept enables wide fields of view, sharp ..é between views. 2.  Field sequential 3D 

displays have the é.. that in principle they need no more pixels than a 2D display with equivalent 

resolution. 3.  The ..é of image produced by field sequential 3D is excellent. 4.  It gives a sharp é 

between views. 5.  The ..é 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 ..é not ..é at depth. 7.  A ..é 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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VIII. 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. 

 

ʊʨʝʭʤʝʨʥʳʡ ʜʠʩʧʣʝʡ, ʬʝʨʨʦʵʣʝʢʪʨʠʢ, ʧʨʦʟʨʘʯʥʳʡ, ʦʙʣʘʩʪʴ ʦʙʟʦʨʘ, ʨʘʟʣʠʯʝʥʠʝ, ʧʝʨʝʭʦʜ, 

ʫʛʦʣ, ʧʦʷʚʣʷʪʴʩʷ. 

 

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. 

 

 

II. Correct the wrong statements using the following as phrase-openings: on the contrary, I 

donôt believe that; to my mind; it is considered that. 

 

1. Field sequential displays use only simple lenses. 

2. Compound lenses canôt be used in field sequential displays. 

3. A singe element doesnôt give a sharp transition between lenses. 

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

with equivalent resolution. 

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

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

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

8. The whole illumination system is uneven. 

9. Gratings alter the angle of incident rays by reflection. 

10. In spite of the latest graphics engines and high resolution LEDôs the displays wonôt deliver good 
quality 3D images. 
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III. Translate the following sentences into English.
13

 

 

1. Cʭʝʤʘ ʠʜʝʘʣʴʥʦʛʦ ʢʝʤʙʨʠʜʞʩʢʦʛʦ ʜʠʩʧʣʝʷ ʩʦʜʝʨʞʠʪ ɾʂɼ, ʣʠʥʟʫ ʠ ʨʷʜ ʠʩʪʦʯʥʠʢʦʚ ʩʚʝʪʘ. 

2. ʀʩʪʦʯʥʠʢʠ ʩʚʝʪʘ ʧʦʤʝʱʘʶʪʩʷ ʩʨʘʟʫ ʟʘ ʬʦʢʘʣʴʥʦʡ ʧʣʦʩʢʦʩʪʴʶ ʣʠʥʟʳ. 

3. ɿʨʠʪʝʣʠ ʚʠʜʷʪ ʠʟʦʙʨʘʞʝʥʠʷ ʧʦʣʦʩ. 

4. ʆʙʣʘʩʪʴ, ʚ ʢʦʪʦʨʦʡ ʩʦʟʜʘʝʪʩʷ ʵʪʦ ʠʟʦʙʨʘʞʝʥʠʝ, ʥʘʟʳʚʘʝʪʩʷ óeye boxô. 

5. ʕʪʠ ʧʦʣʦʩʳ ʦʩʚʝʱʘʶʪʩʷ ʧʦ ʦʯʝʨʝʜʠ. 

6. ʈʝʟʫʣʴʪʘʪ ʜʝʡʩʪʚʠʷ ʣʠʥʟʳ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʢʘʞʜʳʡ ʠʟ ʚʠʜʦʚ ʦʙʲʝʢʪʘ ʤʦʞʥʦ ʫʚʠʜʝʪʴ 

ʪʦʣʴʢʦ ʠʟ ʦʧʨʝʜʝʣʝʥʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ ʧʝʨʝʜ ʜʠʩʧʣʝʝʤ. 
 

  

IV. Read the text
14

 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 ð 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. 

 

 

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, ñA time sequential multi-projector autostereoscopic displayò [5].  
14

 The text was adopted from preprint of the original paper of N.A. Dodgson et al. ñA time sequential multi-projector 

autostereoscopic displayò [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 ï ʜʠʩʧʣʝʡ, ʦʪʦʙʨʘʞʘʶʱʠʡ ʤʥʦʞʝʩʪʚʦ ʚʠʜʦʚ (ʦʙʲʝʢʪʘ, ʩʮʝʥʳ) 

autostereoscopic display ï ʘʚʪʦʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʡ ʜʠʩʧʣʝʡ 

lack ï ʥʝ ʭʚʘʪʘʪʴ; ʥʝʜʦʩʪʘʚʘʪʴ 

albeit ï ʭʦʪʷ ʠ 

stereo parallax ï ʙʠʥʦʢʫʣʷʨʥʳʡ ʧʘʨʘʣʣʘʢʩ 

movement parallax ï ʧʘʨʘʣʣʘʢʩ ʜʚʠʞʝʥʠʷ 

     

 

V. Read the text and render it in Russian.
15

 

 

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 Travisô 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 ï ʧʦʜʭʦʜʷʱʠʡ; ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ (to, for) 

misalignment ï ʥʝʪʦʯʥʦʝ ʩʦʚʤʝʱʝʥʠʝ; ʥʝʩʦʚʧʘʜʝʥʠʝ 

multi-projector display ï ʤʥʦʛʦʧʨʦʝʢʪʦʨʥʳʡ ʜʠʩʧʣʝʡ (ʤʫʣʴʪʠʧʨʦʝʢʪʦʨʥʳʡ) 

lenticular array ï ʣʠʥʟʦʚʳʡ ʨʘʩʪʨ; ʣʠʥʟʦʚʳʡ ʵʢʨʘʥ 

parallax barrier ï ʧʘʨʘʣʣʘʢʩ-ʙʘʨʴʝʨ 

spatially multiplexed display ï ʜʠʩʧʣʝʡ ʩ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʜʝʣʝʥʠʝʤ (ʠʟʦʙʨʘʞʝʥʠʡ) 

sustain ï ʧʦʜʜʝʨʞʠʚʘʪʴ; ʦʙʝʩʧʝʯʠʚʘʪʴ 

feasible ï ʚʳʧʦʣʥʠʤʳʡ; ʦʩʫʱʝʩʪʚʠʤʳʡ 

refresh rate ï ʩʢʦʨʦʩʪʴ ʦʙʥʦʚʣʝʥʠʷ (ʯʘʩʪʦʪʘ ʦʙʥʦʚʣʝʥʠʷ) 

view direction modulating optics ï ʦʧʪʠʢʘ, ʠʟʤʝʥʷʶʱʘʷ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʙʣʶʜʝʥʠʷ 

 

VI. Read the text and state the main ideas in 3-4 sentences in English.
16

 

 

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 

                                                 
15

 The text was adopted from preprint of the original paper of N.A. Dodgson et al. ñA time sequential multi-projector 

autostereoscopic displayò[5] (Permission for Reprint, courtesy Society for Information Display). 
16

 The text was adopted from preprint of the original paper of N.A. Dodgson et al. ñA time sequential multi-projector 

autostereoscopic displayò[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 userôs 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. 

 

 
 

Figure 4.5. An ideal Cambridge display [5]. 

(Permission for Reprint, courtesy Society for Information Display) 

 

Vocabulary Notes: 

 

Fresnel lens ï ʣʠʥʟʘ ʌʨʝʥʝʣʷ 

abut ï ʧʨʠʤʳʢʘʪʴ; ʛʨʘʥʠʯʠʪʴ 

bar shaped light source ï ʠʩʪʦʯʥʠʢ ʩʚʝʪʘ ʚ ʬʦʨʤʝ ʧʦʣʦʩʳ 

laterally ï ʩʙʦʢʫ; ʚʙʦʢ 

adjacent ï ʩʤʝʞʥʳʡ; ʩʦʩʝʜʥʠʡ 

 

 

VII. Render the main text in English. 

 

 

VIII. Write an annotation on the text.  

 

 

IX. Topics for discussion. 

 

1. Advantages and disadvantages of the field 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 mirrorsô 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 mirrorôs 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 [ʌtȞʓgȷt ], exit [ʌeksȷt ], alternate v [ʌȡʓltȦneȷt ] ï alternate adj [ȡʓlʌtȩʓnȷt ], lenticular 

[ lenʌtȷkjɗlȦ], variety [vȦʌraȷȦti], niche [nȷtɐ] / [niʓɐ], sequential [sȷʌkwenɐȦl], advent [ʌÞdvent ], 

exaggerate [ȷgʌzÞɱȦreȷt ]. 
 

 

II. 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 viewersô 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. 

 

 

III. 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. 

 

1. What is the text about? 

2. What do you know about the subject? 

3. What are 3D television requirements? 

4. What does the spatial multiplexing screen require the illumination sources for? 

 

 

SPATIALLY MULTIPLEXED 3D DISPLAY
17

 

 

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 viewersô 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 óliving roomô 

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 viewerôs 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 

                                                 
17

 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 ñMulti-user 3D display employing coaxial opticsò [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). 

 

 
Figure 5.1. Exit pupil generation [6]. 

 

 

Figure 5.2. Spatial multiplexing [6]. 

 

 

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 ï ʘʚʪʦʩʪʝʨʝʦʩʢʦʧʠʯʝʩʢʠʡ ʜʠʩʧʣʝʡ 

exit pupils ï ʚʳʭʦʜʥʳʝ ʟʨʘʯʢʠ (ʚ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ ʤʦʞʥʦ ʧʝʨʝʚʝʩʪʠ ʢʘʢ çʟʦʥʳ ʥʘʙʣʶʜʝʥʠʷè 

ʠʣʠ çʟʦʥʳ ʠʟʙʠʨʘʪʝʣʴʥʦʛʦ ʚʠʜʝʥʠʷè) 

head tracking ï ʩʣʝʞʝʥʠʝ ʟʘ ʧʦʣʦʞʝʥʠʝʤ ʛʦʣʦʚʳ 

steerable optical configuration ï ʫʧʨʘʚʣʷʝʤʘʷ ʦʧʪʠʯʝʩʢʘʷ ʢʦʥʬʠʛʫʨʘʮʠʷ 

alternate pixel rows ï ʯʝʨʝʜʫʶʱʠʝʩʷ ʩʪʨʦʢʠ ʧʠʢʩʝʣʦʚ 

UXGA ï (Ultra Extended Graphics Array ï çʫʣʴʪʨʘʨʘʩʰʠʨʝʥʥʳʡ ʤʘʩʩʠʚ ʛʨʘʬʠʢʠè) 

ʦʜʠʥ ʠʟ ʩʪʘʥʜʘʨʪʦʚ ʢʦʤʧʴʶʪʝʨʥʦʡ ʛʨʘʬʠʢʠ 

spatial image multiplexing ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ 

lenticular sheet ï ʣʠʥʟʦʚʳʡ ʨʘʩʪʨ 

steering optics ï ʦʪʢʣʦʥʷʶʱʘʷ (ʫʧʨʘʚʣʷʶʱʘʷ) ʦʧʪʠʢʘ 

coloration effects ï ʵʬʬʝʢʪʳ ʦʢʨʘʰʠʚʘʥʠʷ 

white LED array sources ï ʠʩʪʦʯʥʠʢʠ ʚ ʚʠʜʝ ʤʘʪʨʠʮ ʙʝʣʳʭ ʩʚʝʪʦʜʠʦʜʦʚ 

broadcast television ï ʚʝʱʘʪʝʣʴʥʦʝ ʪʝʣʝʚʠʜʝʥʠʝ 

head position tracker ï ʫʩʪʨʦʡʩʪʚʦ, ʩʣʝʜʷʱʝʝ ʟʘ ʧʦʣʦʞʝʥʠʝʤ ʛʦʣʦʚʳ 

anaglyph (red/green) glasses ï ʘʥʘʛʣʠʬʥʳʝ (ʢʨʘʩʥʦ-ʟʝʣʝʥʳʝ) ʦʯʢʠ 

polarized glasses ï ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʝ ʦʯʢʠ 

diamond-shaped exit pupil region ï (ʚ ʜʘʥʥʦʤ ʢʦʥʪʝʢʩʪʝ) ʟʦʥʘ ʥʘʙʣʶʜʝʥʠʷ, ʠʤʝʶʱʘʷ ʬʦʨʤʫ 

ʘʣʤʘʟʘ 

stereo pair of images ï ʩʪʝʨʝʦʧʘʨʘ ʠʟʦʙʨʘʞʝʥʠʡ 

temporal multiplexing ï ʚʨʝʤʝʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ (ʠʟʦʙʨʘʞʝʥʠʡ) 

semi-silvered mirror ï ʧʦʣʫʧʨʦʟʨʘʯʥʦʝ ʟʝʨʢʘʣʦ ʩ ʩʝʨʝʙʨʷʥʳʤ ʧʦʢʨʳʪʠʝʤ 

TV quality images ï ʠʟʦʙʨʘʞʝʥʠʷ ʪʝʣʝʚʠʟʠʦʥʥʦʛʦ ʢʘʯʝʩʪʚʘ 

spatial multiplexing ï ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʯʝʨʝʜʦʚʘʥʠʝ (ʚ ʧʨʦʩʪʨʘʥʩʪʚʝ) 

parallax barrier ï ʧʘʨʘʣʣʘʢʩ-ʙʘʨʴʝʨ 

mask with horizontal apertures ï ʤʘʩʢʘ ʩ ʛʦʨʠʟʦʥʪʘʣʴʥʳʤʠ ʱʝʣʷʤʠ 

LCD pixel vertical pitch ï ʧʝʨʠʦʜ ʧʠʢʩʝʣʴʥʦʡ ʩʪʨʫʢʪʫʨʳ ɾʂɼ ʧʦ ʚʝʨʪʠʢʘʣʠ 

considerable height in relation to their spacing ï ʚʳʩʦʪʘ, ʟʥʘʯʠʪʝʣʴʥʘʷ ʧʦ ʦʪʥʦʰʝʥʠʶ 

ʢ ʠʭ ʠʥʪʝʨʚʘʣʫ 

arrangement ï ʢʦʥʩʪʨʫʢʮʠʷ; ʢʦʥʬʠʛʫʨʘʮʠʷ 

 

Active Vocabulary: 
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steer ï ʫʧʨʘʚʣʷʪʴ; ʦʪʢʣʦʥʷʪʴ 

meet (satisfy) requirements ï ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʷʤ 

array ï ʤʘʪʨʠʮʘ; ʨʝʰʝʪʢʘ; ʧʝʨʠʦʜʠʯʝʩʢʘʷ ʩʪʨʫʢʪʫʨʘ 

coaxial ï ʢʦʘʢʩʠʘʣʴʥʳʡ; ʠʤʝʶʱʠʡ ʦʙʱʫʶ ʦʩʴ 

mobile viewers ï ʧʦʜʚʠʞʥʳʝ ʟʨʠʪʝʣʠ 

adjacent ï ʩʤʝʞʥʳʡ; ʩʦʩʝʜʥʠʡ 

to interpose (between) ï ʚʩʪʘʚʣʷʪʴ; ʧʦʤʝʱʘʪʴ (ʤʝʞʜʫ ʯʝʤ-ʣ.) 

currently available ï ʜʦʩʪʫʧʥʳʡ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 

advent ï ʧʦʷʚʣʝʥʠʝ 

as opposed to ï ʚ ʦʪʣʠʯʠʝ ʦʪ 

exaggerate ï ʧʨʝʫʚʝʣʠʯʠʚʘʪʴ 

result in ï ʧʨʠʚʦʜʠʪʴ ʢ  

scatter ï ʨʘʩʩʝʠʚʘʪʴ 

backlight ï ʧʦʜʩʚʝʪʢʘ 

pitch ï ʰʘʛ; ʧʝʨʠʦʜ 

transmissive ï ʧʨʦʧʫʩʢʘʶʱʠʡ (ʵʢʨʘʥ) 

light spilling ï ʧʘʜʝʥʠʝ ʩʚʝʪʘ 

light diffuser ï ʨʘʩʩʝʠʚʘʪʝʣʴ ʩʚʝʪʘ 

 

 

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

 

1. What has De Moutfort University developed? 

2. How does this display operate? 

3. What does the DMU display require? 

4. What can you say about spatial multiplexing? 

 

 

VOCABULARY EXERCISES  

 

 

I. State the part of speech of the following words pointing out the word-building elements. 

Give their Russian equivalents.  

 

Depend ï dependent ï independent ï dependently ï independently ï dependence ï independence; 

horizon ï horizontless ï horizontal ï horizontally ï horizontality ï horizontalize; effect ï effecter ï 

effectible ï effective ï effectiveness ï effectless; intend ï intendment. 

 

 

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

 

Verb Noun Adjective 

develop   

apply   

produce   

generate   

achieve   

 

 

III. 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 é.. cylindrical lenses. COMPRISE 

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

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

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

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

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

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

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

 

IV. 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 

exaggerate v 
something to be aimed at; objective, total which it is desired to 

reach 

advantage n outer form 

 

 

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

correct form. 

 

1. An autostereoscopic display is ..é specifically at television applications. 2. The spatial 

multiplexing screen ideally requires the illumination é.. to have a restricted height. 3. To é.. this, 

the height of the exit pupil is expanded. 4. This enables all the light to be captured and also has 

the ..é that the light sources require only a small separation in the vertical direction. 5. If you 

always é, people will no longer believe you. 6. With the ..é 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 ..é on one panel. 8. Metals ..é when they are heated. 9. There 

were clouds of different é.. . 10. We intend to ..é economic sanctions. 
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VII. Arrange the words given in a. and in b. in pairs of synonyms. 

 

a. Require, employ, merit, produce, apply, cause, conventional, associate. 

b. Use, reason, make use of, manufacture, demand, advantage, usual, connect. 

 

 

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

 

a. Advantage, dependent, move, add, join, complex, with, distant, sufficiently, allow. 

b. Without, adjacent, simple, slightly, restrict, independent, rest, disadvantage, subtract, separate. 

 

 

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

 

ʈʘʟʨʘʙʘʪʳʚʘʪʴ, ʧʨʠʤʝʥʝʥʠʝ, ʥʦʩʠʪʴ ʩʧʝʮʠʘʣʴʥʳʝ ʦʯʢʠ, ʩʚʦʙʦʜʥʦ ʜʚʠʛʘʪʴʩʷ ʧʦ, ʩʦʟʜʘʪʴ 

ʥʝʩʢʦʣʴʢʦ ʧʘʨ, ʚʤʝʩʪʝ ʩ, ʢʘʯʝʩʪʚʦ ʩʠʩʪʝʤ, ʫʜʦʚʣʝʪʚʦʨʷʪʴ ʪʨʝʙʦʚʘʥʠʶ. 

 

 

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 

 

 

II. Translate the following sentences into English. 

 

1. ɼʠʩʧʣʝʡ, ʧʨʠʥʮʠʧʳ ʢʦʪʦʨʦʛʦ ʟʜʝʩʴ ʦʧʠʩʘʥʳ, ʧʦʟʚʦʣʷʝʪ ʨʝʰʠʪʴ ʵʪʫ ʩʣʦʞʥʫʶ ʧʨʦʙʣʝʤʫ. 

2. ɺ ʧʨʝʜʣʘʛʘʝʤʦʤ ʨʝʰʝʥʠʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʦʩʪʫʧʥʳʝ ʥʘ ʩʝʛʦʜʥʷ ʪʝʭʥʦʣʦʛʠʠ. 

3. ʆʧʠʩʘʥʥʳʡ ʤʝʪʦʜ ʥʘʣʘʛʘʝʪ ʤʠʥʠʤʘʣʴʥʳʝ ʦʛʨʘʥʠʯʝʥʠʷ ʥʘ ʢʦʣʠʯʝʩʪʚʦ ʦʪʦʙʨʘʞʘʝʤʦʡ  
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ʠʥʬʦʨʤʘʮʠʠ. 

4. ʂʘʞʜʦʤʫ ʟʨʠʪʝʣʶ ʧʨʝʜʲʷʚʣʷʶʪʩʷ ʜʚʘ ʧʣʦʩʢʠʭ ʠʟʦʙʨʘʞʝʥʠʷ. 

5. ɼʨʫʛʠʤ ʧʨʝʠʤʫʱʝʩʪʚʦʤ ʥʘʰʝʛʦ ʜʠʩʧʣʝʷ ʷʚʣʷʝʪʩʷ ʪʦ, ʯʪʦ ʝʛʦ ʢʣʶʯʝʚʳʝ ʪʝʭʥʦʣʦʛʠʠ, LCD 
ʠ  LED, ʙʳʩʪʨʦ ʨʘʟʚʠʚʘʶʪʩʷ. 

6. ʉʦʟʜʘʥʥʳʡ ʧʨʦʪʦʪʠʧ ʧʦʟʚʦʣʠʣ ʧʨʦʜʝʤʦʥʩʪʨʠʨʦʚʘʪʴ ʧʨʘʚʠʣʴʥʦʩʪʴ ʥʘʰʝʛʦ ʧʦʜʭʦʜʘ ʢ 
ʧʦʩʪʨʦʝʥʠʶ ʤʥʦʛʦʧʦʣʴʟʦʚʘʪʝʣʴʩʢʦʛʦ (multi-viewer) 3D ʜʠʩʧʣʝʷ. 

7. ɺ ʩʦʟʜʘʥʥʦʤ ʧʨʦʪʦʪʠʧʝ ʠʩʧʦʣʴʟʫʝʪʩʷ ʩʣʝʞʝʥʠʝ ʟʘ ʧʦʣʦʞʝʥʠʝʤ ʟʨʠʪʝʣʝʡ ʠ 

ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʝ ʨʘʟʜʝʣʝʥʠʝ ʠʟʦʙʨʘʞʝʥʠʡ. 

 

 

III. Read the text
18

 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. 

 

 

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

 

Vocabulary Notes: 

 

move laterally ï ʜʚʠʛʘʪʴʩʷ ʚʙʦʢ  

MIT (Massachusetts Institute of Technology) ï ʄʘʩʩʘʯʫʩʝʪʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ ʠʥʩʪʠʪʫʪ 

inappropriate ï ʥʝʫʤʝʩʪʥʳʡ; ʥʝʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ 

physically moving light sources ï ʬʠʟʠʯʝʩʢʠ ʧʝʨʝʤʝʱʘʶʱʠʝʩʷ ʠʩʪʦʯʥʠʢʠ ʩʚʝʪʘ 

off-axis lens aberrations ï ʚʥʝ-ʦʩʝʚʳʝ ʣʠʥʟʦʚʳʝ ʘʙʝʨʨʘʮʠʠ 
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IV. Read the text and state the main ideas in 2-3 sentences in English.
19

 

 

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 viewerôs 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. 

 

 
Figure 5.5. Array equivalent of a lens [6]. 

 

Vocabulary Notes: 

 

continuously converging rays ï ʧʦʩʪʝʧʝʥʥʦ ʩʭʦʜʷʱʠʝʩʷ ʣʫʯʠ 

lens array ï ʣʠʥʟʦʚʳʡ ʨʘʩʪʨ 

 

 

V. Read the text and render it in Russian.
20

 

 

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 ï 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) 
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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. 

 

 

Figure 5.6. Operation of coaxial optical elements [6]. 

 

Vocabulary Notes: 

 

series of cylindrical lenses ï ʨʷʜ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʣʠʥʟ 

off-axis problems ï ʧʨʦʙʣʝʤʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʦʪʢʣʦʥʝʥʠʝʤ ʦʪ ʦʩʠ 

equidistant ï ʨʘʚʥʦʫʜʘʣʝʥʥʳʡ 

aperture blocks extreme rays ï ʘʧʝʨʪʫʨʘ ʙʣʦʢʠʨʫʝʪ ʢʨʘʡʥʠʝ ʣʫʯʠ 

 

 

VI. Render the main text in English. 

 

 

VII. Write an annotation on the text. 

 

 

VIII. 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 ótemporal multiplexingô and óspatial multiplexingô 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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PART THREE 

 

HOLOGRAPHY  
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UNIT 6 
 

HOLOGRAPHY AND  3D OBJECTS RECOGNITION  
 

 

READING  

 

 

I. Read the following words paying attention to pronunciation. 

 

Acquisition [Þkwȷʌzȷɐn], align [Ȧʌlaȷn], application [Þplȷʌkeȷɐn], axis [ʌÞksȷs],     capability 

[keȷpȦʌbȷlȷti], coherent [kȦɗʌhȷȦrȦnt ], conjugate [ʌkȟnɱɗgeȷt], conventional [kȟnʌvenɐȦnl], 

convolution [kȟnvȦʌluʓɐn], dimensional [dȷʌmenɐnl], hologram [ʌhȟlȦgrÞm ], impulse [ʌȷmpəls], 

inherent [ȷnʌhȷȦrȦnt ], neglect [nȷgʌlekt ] ï negligible [ʌneglȷɱȦbl ], observation [ȟbzȩʓʌveȷɐn], 

recognition [rekȦgʌnȷɐn], record n [ʌrekȡʓd] ï record v [rȷʌkȡʓd], reference [ʌrefrȦns], spatial 

[ʌspeȷɐl], superpose [sjuʓpȦʌpȦɗz], technique [tekʌniʓk], utilize [ʌjuʓtȷlaȷz], variety [vȦʌraȷȦti], 

visual [ʌvȷɟɗȦl]. 

 

 

II. 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 childôs 

language capability/ A willingness and a capability to change are necessary to meet the marketôs 

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 I 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 ópollutionô. 

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 [mȟn ẗ͂rȩ:] 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. 

 

 

III. 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 article about? 

2. What do you know about the subject? 

3. Where can 3-D pattern recognition be applied? 

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

5. What does the technique discussed in the article use to recognize a 3-D object? 
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HOLOGRAPHY AND 3D OBJECT RECOGNITION
21

 

 
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 donôt 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: 

 (6.1) 

where o (x, y, z) is the spatial distribution of the object, ɚ is the wavelength of the illuminating light 

and 

   

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 Ãrepresents the convolution operation that is defined as  

. 
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The diffracted light, ( )yx,j  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, 

i.e. 

 

and its phase ( )yx,j-  contains the information of the objectôs 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( )yx,j-  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: 

 (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: 

 

 (6.3) 

where ( )yx,*j  represents the complex conjugate of( )yx,j . Note that the phase information of 

the diffracted light ( )yx,j-  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 

( )( )yx,1 j+ , the second term is the complex conjugate of the object wave ( )yx,*j  and the 

third term is the object wave itself ( )yx,j . 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 ñon-axis hologramò. 

In a hologram, the space between fringes is determined by depth information of an object. Thus, 

the information of the objectôs 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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Figure 6.1. Illuminating an object with coherent light [7]. 

 

 
Figure 6.2. On-axis hologram of an object [7]. 

 

Vocabulary Notes: 

 

3-D data acquisition and processing ï ʩʙʦʨ ʠ ʦʙʨʘʙʦʪʢʘ ʪʨʝʭʤʝʨʥʳʭ ʤʘʩʩʠʚʦʚ ʜʘʥʥʳʭ 

CCD (Charge Coupled Device) ï ʧʨʠʙʦʨ ʩ ʟʘʨʷʜʦʚʦʡ ʩʚʷʟʴʶ (ʇɿʉ) 

challenging ï ʪʨʫʜʥʳʡ 

field distribution of light ï ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʦʩʚʝʱʝʥʠʷ 

free space impulse response function ï ʬʫʥʢʮʠʷ ʠʤʧʫʣʴʩʥʦʛʦ ʦʪʢʣʠʢʘ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ 

(ʠʤʧʫʣʴʩʥʳʡ ʦʪʢʣʠʢ ʩʚʦʙʦʜʥʦʛʦ ʧʨʦʩʪʨʘʥʩʪʚʘ) 

intensity term ï ʩʣʘʛʘʝʤʦʝ, ʩʚʷʟʘʥʥʦʝ ʩ ʠʥʪʝʥʩʠʚʥʦʩʪʴʶ 

imaging ï ʚʠʟʫʘʣʠʟʘʮʠʷ 

optical detection system ï (ʚ ʜʘʥʥʦʤ ʩʣʫʯʘʝ) ʩʠʩʪʝʤʘ ʨʝʛʠʩʪʨʘʮʠʠ ʦʧʪʠʯʝʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ 

optical remote sensing ï ʦʧʪʠʯʝʩʢʦʝ ʜʠʩʪʘʥʮʠʦʥʥʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ 

phase information of the object wave ï ʠʥʬʦʨʤʘʮʠʷ, ʩʦʜʝʨʞʘʱʘʷʩʷ ʚ ʬʘʟʝ ʧʨʝʜʤʝʪʥʦʡ ʚʦʣʥʳ 

space varying positive term ï ʧʦʣʦʞʠʪʝʣʴʥʦʝ ʩʣʘʛʘʝʤʦʝ, ʟʘʚʠʩʷʱʝʝ ʦʪ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʭ 

ʢʦʦʨʜʠʥʘʪ 


