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ABSTHACT 

Anaglyphic illustrations al'e more than u Century old. It has 

always been an interesting topic for scientists. Modern developments 

in Photogrammetric data analysis can be conveniently used for under­

standing the phenomena and geometry of hum<..~.n vision. The unaglyph 

should really be considered as a bridge "te t\oleen the client and the 

Photogrammetrist, as the client by viewing the anuglyph \tJill eusily 

~e~ mo~ivated to properly appreciate the capabilities of Photogrammetr7. 

The process of presenting undistorted equivalent Digitul teruin 

model like vision th:t·ough anaglyphs is a challenge. The concept of 

'Geodetic Intersections' is currently in usage by Physists and 

Optometrists in their efforts to understund human vision. The bruin, 

by virtue of the psychological experiences, 'Nill preet:nt t0 t11e eye 

a likable thx·ee dimensional model while viwing anaglypha, and such 

a model is nearer to the concept of an undietorted equivalent Digital 

terrain model than to the concept ot Geodetic Intersections. The 

study indicates that the eye lenses have predondnen t distortions, 

Whlch probably help in depth e.xaggei·ation. 

A few potential areas of upplicutione are briefly indicu.ted. 

The illustrations given are of quick appeal and are expected to be 

appreciated by many International Scientists and Citizens. 

A few conclusions and recomntendationa are listed. 
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TID; ANAGLYPH AND A STUDY ON ITS VISUAL GEOB.BTHIC HOlilllL .D 1i FORI·L~TIOHS : 

Dr . H. N • .NAGARAJ A * 
And 

"k")';: 

Sri • H. N. SARVOTllAl,ih RAO 

INTRODUCTION' 

Rollman (1853) and D'Almeida (1858) are the pioneers in the 

development of the anaglyphio method of ste:n.:vscopic viewing. 

The MUltiplex is a notable example of u stereoscopic plotting 

instrument 'Whlch is based on the principle of lllaking three Dimensional 

measurements on a 'Rectified Anaglyphic Stereo-Model'. However, 

tne Anaglyphic illustration often given in Photogrununetric li teruture 

has been directly compiled from unrectified photographs. The 

practical applications of the ana.glyphs have not been dev~loped to 

the optimum extent. In practice, the ~naglyph can easily be used 

to effectively bridge the gap between the practising photogru.n;metrist 

and his client. Once the client views the anaglyph of the object 

to be mapped, there 'Will remain no doubt in hie mind thut reliable 

metric measurements and mapping of the object can be conveniently 

made from the component Photographs. .Also, in certain upplicutions 

in Archi teoture, it is often desired to pi'oduce Ju'laglyphs whi C'-h are 

visuallY undistorted. The logical first step in this direction itJ 

* Dr. H.N. Nagaraja, Visiting Faculty Member, Asian Institute of Technology, 
Bangkok, Thailand. 

** 
H.N. Sarvothama Rao, Assistant Professor, Faculty of Engineering Civil, 

Bangalore University, Bangalore, India. 
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to prop erly understund the geometry of the unuglyphi c n;.cdel. her{:, 

some attempt will be mude to understand and hence underline tbe 

visual geometric distortions of the stereoscop ic model . 

The anaglyphs ot· aerial scenes ure more fu.miliar u.nd corrli!lcn. 

However, anaglyph& of terrestrial or close-range scenes ~;u·e also 

practicable and useful. The component images of the anaglyph could 

be either drawn, printed or projected in coml) lementtu·y colours. 

The drawn anaglyphs may 'be .r·endered free fr om the lenc di s t orti ons 

and other errors peculiar to the Photographs. Also, the druwn 

anaglyph a are well sui ted for simulation studies. The colour blind­

ness of the observer does not effect the spacial percep tion. The 

complementary colours r~d und green is said to be better than blue 

and yellow or blue and red. 

The anaglyph is a picture in which the two comp onent imuges 

a1.·e sup erimposed, say one in green and the other in red. The tinted 

eye glasses ure used to eeperate the images t 'or tne lel't u nd l'ieht 

eye respectively. Each eye therefore sees only the intended black 

and white picture, resulting in the illusion ot depth. The super­

imposition could be so arranged us to result in 'Homouymou a Diplopia' 

with rt:ference to me plane o:r tne paper. Then tne visible mod el 

will be placed behind the plune of the paper. If the component 

images ure so euper-impoeed as to result in 'Heteronomous Dip lopit.', 

then the visible stereoscopic model will be seen in fromt of t h e 

plane of puper . 

lf the tonal values of one of the Photographs is reve;rsed by 

using the negetive in place of the positive, thE:ll thez·e is tonal 

revt:rsal between the impre s sions produced on the left und right eye 
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reap ecti vely. This, if t ll e conflict is re s ol VE;d by thEJ r-.1.ech;...ni sm 

of p ercep ti on , will result in a stereoscopic sparkle. 

Also, conceptuu. ly a desired systematic distortion of t he 

visual stereomodel could be achieved by u suituble distortion of 

the comp onent images. Such illu stl'Ll.t ion s mu.y be used i:1 geomet r·i c 

studies of the anaglyph, and in certLl.in special uppli c <.J.ti ons . 

2. CONDITIC;US O.l!, BIIJOCUL.cJt VISION: 

Only -when conditions similur to those thut exist u.t t h e tim E: 

of nutural binocul~:J.r v1sion ure aimuluted, it \~ill be p ossible to 

obtain the illusion of depth . "When the B.lr.auluted conditi ons ure 

not identically the swne as ut the time of natured binoculur visi on, 

there is a perceptible visual defol'Iill.l. ti on of the i llu si ve plasti c 

model. Bu t, when the simulated conditions are no t conducive tu 

obtaining of three dimensional vision at all , then the binocular vision 

fails to materiali ze . The conditions that induce stereovision may be 

listed Qs follows: 

1. Stereo images Should be p resented p ractically simultaneously to 

each eye. The two images, ut least t J1 eore t icully, should not be 

congruent out should exhibit relative parallaxes . The two mono­

cular imuges should fall on the connno .1 binoculur visual field of 

the two retinae. Also, the two monoc1lur im(.j,ges shou l d includ e 

the fovea. for each eye. 

2 . The lines from the left und right eye to 1.~ . .-. ch of the p uir·s of 

corresp onding points should ut least approximately i ntersect in 

space. In otherwords, the epipolur conditi on should be sutlsfiect. 

~. The physiological process of convey ing the impres sions of the 

right und left il!'lUges to the a ssociu.ted reg ions of th e: cortex should 

take pluce . 
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4. The eye suould be able to successively dir·ect "t~lL: gaze at a 

nwnber of points, particulu.r·ly close to the fovea, so Ulti "L tLe 

apu'tial impression is 'built up'. 

5. The brain should function in un imuginury und constructive \..;uy so 

us to br·.ing into being the illusion of depth. 

6. Another condition, -peculiar to anaglyphs> is thtit the 'totul 

seperation' or the maximum ' absolute parallax 1 for any pair of corres-

ponding points should be less than that of the interocular d istance of 

65 to 7U mm. 

The element of relu.tive parallu.x or the r8lu.tive; converce;ncL! 

is only one of the factors which contributes to the pel·ceptiun of 

depth. In binocular vision the axes of the eyes do not r8r.::uin 

fixed in one position , but u number of points within the visu~l 

field are fixed in succession tind the resulting 'feelings' art: 

compounded together in someway. This is therefore unot~1e1· elelilcnt 

which contributes to perception of depth. 

3. Tl-lli: COHC!bl)T OF GEODETIC INTERSECT IOHS: 

The hwru .. m eye essentially consists of a convex lens, knu1.m 

us the cl·ystulline lena, in frunt and u sc.:nsitive mcmbnme behind 

known as Retina. In fact, the eye very favoul'u.bly compures with 

g, camera consisting of u shutter und a lt::ns system. 'l'lle retina 

contains hundreds of cones und rods whose mu.in function is to 

r·eceive licht pulsc::s :J.nd to tra.nsr orm. "th(:; s:....1:10 to 8l,~ct1·icu.1 ct.d.·r·ents. 

Tne:se el.ectr·icu.l currents ure tr·anslu.ted by the brain into vision • 

.B~igur·e 1 shows t~e 'Gull strunds Schemu.tic b'ye' -v;1nc;h tl.Uy te:: 

tu.ken u.s u representation of norrrtal human eye. The dimensions shown are all 

in millin(!tc:rs. 'l'he r·efra.ctive index of wuter is 1.3t.l. The 

refru. ctive index for the a.cqueouli:j humour of the eye is <...~J..so 1.34. 

But the l'8fructive index for· the Corneu. u.nd the Cry!:lh•lline lc;LJ 



i a u bout 1. 40 • The overall power· of the stu:l::l<..i1'd eye i :3 

Dio;>ters. FoT tl:wor·etic<..Ll stuJies usine the <.;.bove duta, it is 

po::;sible to calculate relative object and image positions by use 

of rigorous ray t:rucinc: formulae. Ho-wever, un immediate word of' 

caution is in order. Sometimes, the human vision, which is usuuly 

relied upon to convey the truth, can become quite unreliuble. 

The ~hole group of 'Optical illusions'~ given in many a book. 

illustrate the unreliable nature of impressions produced by the eye. 

The Photogrammetrist is too fwniliur \llith the GeomC;tricul 

concepts of collineurity, coplanurity, relative orientation und 

absolute oreintations. In viewing "ue st.ereo-images · under the 

stereoscope or while viewing tl1e anaglyph with the fil te1· s~ectu.cles 1 

apparently much the same sort of phenomena takes place. One 

import:.mt geometric concept used to expltun this is termed "The 

Concept of Geodetic Intersections". Here the individual eye in 

1 ts tum takes on the I.' ole of an observing theodolite used in 

measuring horizontal and vertical angles and the interoculur b:...se 

provides the geodetic base. Thus, a. mental trL.mgulution su:cv<:ying 

accompanied by a graphioul or m<:mtal plotting takes pluce resul til.lti 

1n the tlll'ee dimensional perception {1). In otbei.'words, this 

concept relies only on the relu tive pUI'allCJ.x CJ.nd relu. t.i ve convergence 

in building up the visual model. As this concept ls geometric in 

nature, its validi~ cun be easily checked by a suitable 

simulation study. 

4. VISU!}L GEOMETRIC MODEL DEFORN.id' ION STUDY: 

For purposes of the ma themCJ.ti cal tr·eatment, certL4in us &Uin})ti ons-

none of -which are true in practice - are often made. 

1. The composite eye lens is distoi'tion fl'ee. 

2. Geometrically, the eye system acts us u. c<~mera system. 



3. The Ratinu.e c..ue truely sphericu.l 

4. TI1e nodul point~ u.nd centres of rotation coincide. 

5. T1lt::r·e is true muthemu.ticul synrrnetry in the cor'I'esponclence of" 

the I'etinal points or areas. 

6 . Rotation of the eye globes around their visual a.xt::s is str·ictly 

geometric. 

7. The axes of tht:: eye fix a single point in space und so for eu.ch 

model pel'ceivcd by a given individual; tht::re is a single 'Horopter 

SUI'face'. 

8. Imperfect position of the photogruphs or· the anaglyph s und the 

imperfect positioning of the eyes cue effecti'vely coml)ensutc:d by 

the brain after it recei vee messages fr·om the occular muscles und 

neck muscles etc. 

9 . The retinal mel'idia.ns are truely h'orizontal and ver·ticu.l 

respect! vely. 

10. The physiological und mental processes tend to convert the 

per·apt::ctively produced visual model to its equivalent 'Undistor·ted 

Digi tul Terruin Model', centered ut the 'Cycloptm :h'ye'. 
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TABLE 1: THREE DIMENSIONAL COORDINAT:.GST± IN METERS) 1 OF OBJECT 
SPACE POINTS AND EXPOSURE STi. Q_,:,;;>. • - --·--- - ·-

tpoint X y z Point X y z Point! X y z I Point X y '1 r'~in t 1.. y z ...... 
No . No. No . No . ..i:lv. 

i 
i 

Al 0 10 20 B2 9 9 22 C3 8 2 241 D4 3 3 :si FO 5 5 30 

241 B1 A2 10 10 20 B3 9 1 22 C4 2 2 4 6 LB 4.9 5 28i 0 

A3 10 0 20 B4 1 1 22 D1 3 ? 26 E2 6 6 28 ll315 .. 1 5 0. 
I 

A4 0 0 20 ':::!1 2 8 24 D2 7 7 26 I 1;3 6 4 28 Note:: : ; 
; 

B1 1 9 22 02 8 8 24 D3 7 3 26 E4 4 4 28 J.i'O; loliddle 
; Point of ·- mod{:l 

LS: Left Camera stution • 
J 

RS: Right Ca.mera stu ti on. 
: -

TABLE 2: PHOTO COORD IN.A TL S (IN MI LLIMETERSL; LEFT_ (x 1 1 y 1 ) AND RIGHT (x
2 

1 

Camera uxes parallel. Normal cuse: camera constant 3 

x .. x.ts X - XRS y - YLS y - YRS 
x1 ; c x2 • c Y1=C 

. 
Y -c 

z - Zr.s ' z 2RS 
) z '7 J 2- z .. ZRS - - .,.LS 

l>oint x1 Y 1=- Y2 x2 Point x1 y 1-:-y 2 x2 No. No . 

A1 -73 . 500 + 75.000 - 76 . 500 D1 - 21 . 923 t23.0'77 - 24 . 231 
A2 +76 .500 + 75.000 +73 . 500 D2 I -+ 24 . 231 + 23 . 0?7 .. 21.923 
A3 +76 .500 - 75.000 . 73 . 500 D3 + 2~1. 231 - 23 . 07? + 21. 923 
A4 .. 73. 500 - 75.000 -76 . 500 D4 - 21 . 923 - 23 . 0?7 - 24 . 231 
B1 - 53 .182 .. 54.545 - 55 . 909 El - 9 . 643 + 10.714 -11.786 
B2 +55 . 909 + 54 . 545 +53 .182 E2 +11.?86 +-10 . 714 + 9 . 643 
B3 +55. 909 - 54 .545 t53.182 E3 +11.?86 -10 .7 14 .. 9 . 643 
B4 - 53 .182 - 54.545 -55. 909 E4 - 9 . 643 -10.?14 -1 1 .786 
01 - 36 .250 + 37.500 - 38 . ?50 FO + 1.000 o.ooo - 1.000 
C2 .,.38 . 750 + 37.500 + 36 . 250 

C3 + 38 . 750 - 37.500 +36 . 250 
C4 -36.250 -37.500 - 38 .750 
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Now, an attempt will be made to study the geodetic intersection concept. 

Figure 2 shows the relative location of selected points, the dimensions 

being given in meters. Table 1 gives the three dimensional coordinates 

in meters of the selected object space points and the exposure stations. 

Table 2 gives the photo coordinates in millimeters in left and right 

photographs. Table 3 gives the model coordinates obtained under the 

assumption of Geodetic Intersections. Figure 3 shows the anagl yph 

obtained by simulation . For this purpose, it is assumed that the left 

and right photographs are so superimposed as to make the point FO in 

each , coincide . For the calculation of the photo coordinates of points, 

the geodetic intersection concept is used. The anaglyph with the 

heternomous diplopia with reference to the plane of the paper is drawn. 

The following steps are used in the cu.lcul1.;.tion of tJw three 

dimensionul coordinates of model points . 

~ :: Angl e for med at the left eye 

IR = Angle formed ut the l'ieht eye 

Let, 

r ~ .Angle of convEJrgence formed at the ntodel point . 

b "" ey e base ( 70 mm) 

x , y , z "!!. Three dimensional coordinates o:t' the model point 

H ;;; Viewing Distance (300 1nm) 

Then , 

~ 90 - Tan- 1 { x( l eft photo) - 1 - 35 ) 
:: I 

J 300 

~ = 90 + Tan- 1 { X( right photo)+ 1 ... 35 

J 300 

l3 :. 180 · ·-~ - ill 
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z -= 300 -
b. Sin tf • Sin lR 

Sin ·1.;. 

x ~ X(left photo) - 1 b. Sin~ • Sin tiL 

y = 

Sin~ • Tun ib_ 

Y(left photo) • p-~--;;.-;-~- )-2 

1 H2. + (x(left pho~~-) :- --l -+-35)2 

TlJi:LE 3: :HODEL COORDINATES OBTATI'lliD UNJ)}!;R THE ASSVt1PTION OF G~ODETIC 
INT.Ii!RSECTIONS (Dimensil)llS in Hillimeters) 

Point X y z Point X y z 
No. No. 

Al -73.944 t73.944 f295.?75 Dl -22.976 +22 .. 976 +298.686 

A2 +73.944 +?3.944 +295. ?75 D2 + 22.976 -+22.976 f 298.686 

A3 +73.944 -?3.944 +295.??5 D3' +22 .. 976 ... 22. 92 6 +298.686 

A4 -73.944 -73.944 f295. 775 D4 -22.976 -22.976 -t-298.686 

Bl -53.985 +53.984 +296.916 E1 -10.693 t10. 692 +298. 388 

B2 +53-.985 ;53.984 + 296.916 :b.;2 -+10.693 +10.692 +2':-9. 388 

B3 +53.985 ... 53.984 t296.916 E3 +10 .693 -10.692 +299. 388 

B4 -53.985 -53.984 + 296.916 E4 -10.693 -10.692 +299. 388 

Cl -37.234 t37. 234 +-297 .872 FO o.ooo o.ooo 300.0CO 

C2 + 3?. 234 + 37.234 +297 .872 

C3 +37. 234 -37.234 -+297 .872 

C4 -37.234 -37.234 +297 .8?2 



Tables 4 und 5 give an idea of the vu.l'iations in s cu.le in the 

x y plane and in the z dire c tion. 

TABLi!; 4: Scale Vtu•iation in x y plune 

Plane Line Object Model Scule 
Distance Distance 

(m) (mm) 

A -A1-A4 10.0 14'7. 888 1 in 6'7.6 

B B1-B4 8.0 107.968 1 in 74.1 

c C1-C4 6.0 '74.468 1 in 80.6 

D D1-D4 4.0 45.952 1 in 87.0 

E E1-E4 2.0 21, 38 4 1 in 93.5 

TAB:LE 5· I Scale variation in z directior~ 

From To Object Model Depth 
Pl<.me Plane Depth Dep th Scule 

(m) (mm) 

A B 2.0 1.141 1 in 1753 

B c 2.0 0.956 1 in 2092 

c D 2.0 0.814 1 in 2457 

D E 2.0 0.'702 1 in 2849 

E F 2.0 0.612 1 in 3268 

It is now desired to cu.lculute the cooi'dinu tes o:.: Jll 

equivalent undistorted digital terrain model, using the planimetric 

scale of plane C and the corresponding d is tances o f points i n 

that plane. These values are tabulated in Table 6. It is logical 

to compare the three dimensional coordinates obtained by the geodetic 

intersection with tho s e obta ine d f or t h e e qu iva l e n t 
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TABLE 6: IDEAL MODEL COORDINATES 

Point X y z 
(mm) (mm) (mm) 

Al -62.057 f62.057 248.227 

A2 f62.057 +62.057 248.227 

A3 f-62.057 -62.057 248.227 

A4 -62.057 -62.057 248.227 

B1 -49.645 + 49.645 273.050 

B2 +49.645 +49 .645 273.050 

B3 t49. 645 -49.645 273.050 

B4 -49.645 .. 49. 645 2'73.050 

Ci .... 37.234 t37.234 297.872 

C2 t37. 234 f 37.234 297.872 

C3 + 37.234 -37.234 297.872 

C4 -37.234 -37.234 297.872 

Dl -24.823 + 24.823 322.695 

D2 +24.823 + 24.823 322.695 

D3 + 24.823 -24.823 322.695 

.D4 -24.823 -24.823 322.695 

E1 -12.411 f12.411 347.518 

E2 + 12.411 + 12.411 347.518 

E3 + 12.411 -12.411 347.518 

E4 -12.411 -12.411 347.518 



Undiatorted digital terru.in model. 1'hese dil'ferences ure 

tabuluted in Tu.ble 7. 

TABIJE 7: DIF".b"'ER.ENCES IN THE THm;:c; DIH.l.!lNSIONA.L COORDIN11.TbS 

Id: Ideal equivalent undi stoi'ted Digital terrain I!'.lodel 

Geo: Coordinates obtuined by ussumption of Geodetic intersection~: 

Point X - .X yid - Y geo zid - zgeo 
No. id geo. 

A1 +11.887 -11.887 -47.548 

A2 -11.887 -11.887 -47.548 

A3 -11.887 + 11.887 -47.548 

.A.4 ~11.887 f11.887 -47.548 

B1 -+ 4.340 - 4.340 -23.866 

B2 - 4.340 - 4. 340 -23.866 

:B3 • 4. 340 f 4.340 -23.866 

:B4 + 4.340 + 4.2>40 -23.866 

C1 0 0 0 

02 0 0 0 

03 0 0 0 

C4 0 0 0 

Dl - 1.847 1 1.847 +24.009 

D2 + 1.847 + 1.847 + 24.009 

D3 + 1.847 - 1.847 + 24.009 

D4 - 1.847 - 1.847 -t24.009 

E1 - 1.718 + 1.718 t48.130 

E2 + 1.718 + 1.718 -t48.130 

E3 t 1.718 - 1. 718 +48.130 
' 

E4 .. 1.718 - 1. 718 +48. :.30 
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The Planimetric model deformations produced may be otudied 

by comparison. These results ax·e tabulated in TL~".:le 8 . 

TABLE Bi PLANJNETRIC NODE;L .DEFORI-lATIONS; (r ; radial di stunce) 

Point rgeo rid J';:. r /)> l' 
:. I'id• l'geo re,eo 

{mm) {mm) {rnm) 

A1 104.58 87.76 -16 . 81: . 0 .1607 

A2 104.58 87.76 - 16 .81 .. 0 .1607 

A3 104.58 87.76 -16 . 81 0 .1607 

A4 104.58 87.76 -16. 811 0.1607 

B1 76.35 70.21 - 6.138 0 .0804 

B2 76.30 70.21 - 6.138 0.0804 

B3 76.35 70.21 - 6.138 0.0804 

B4 76.35 70.21 - 6 .138 0.0804 

01 52.66 52.66 0 0 

C2 52.66 52.66 0 0 

03 52.66 52.66 0 0 

C4 52.66 52.66 0 0 

D1 32.493 35.110 + 2.612 0.0804 

D2 32.493 35.110 t 2.612 0 .0804 

D3 32.493 35.110 "t- 2.612 0.0804 

D4 32.493 35.110 + ?. . 612 0.0804 

E1 15.120 17.550 + 2.430 0.1607 

E2 15 .lGO 17.550 + 2.430 0.1607 

E3 15.120 17.550 + 2.430 0 .1607 

E4 15.120 1?.550 + 2.430 0 .1607 
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Vertical exu.ggei·u.ti on in s tereo viewing oc cur·s be cu.u se t b<::: 

horizontal w1d ver·tical scales u.re unequal. An e.xpr·cs s i on giv en 

in ( 7 ) i s u s f o 11 ow s : 

v ~ ( :,) (b~ J ·
1 

where 

B -- Air Base 

H' ::. Flying height 

h -- model distance 

be - eye base -
If corr·eap onding vuluee for the geodetic inter s ect i on me t hod 

are subs t itut ed, we get 

0.2 300 1 v = x- --
24 70 28 

If the horizontal scale and vertical scule at plane c are 

compared, 

v 80.6 = 1 :::-
2457 31 

However, ~hen the anaglyph is viewed, it is easily seen thut 

these exggeration f:J.ctors a1·e in gross error. 

Another question in stereo vision, is the relati on betwean 

the space imp ression given by the anaglyph and that obtained by 

dil·ect observation from the camera station. The depth pe1· cept i on 

imp r ov e s by a factor nv
1 

where n is the ratio b e tween ph otogruphy 

buse und the eye buae und v is the mugnification factor of the 

len s stereoscope . 

In the present anag lyphi c case , 

n = {0.2 x 1000) /70 ; 2 .9. v being unity, this n is the 

factor by which our ubili ty to judge depth impr oves . 
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A F.h.'W U.WSTRAT IONS OF ANAGLYPHS 

In figure 4, an aerial anaglyph f arniliur to the pho togi.·amrnet:rist 

is given, the aer·ial photographs were taken from a HassE;lblud 

cwneru with a focal length of 80 mm und the original scale of 

photog:ruph 'WUS ab out 1:22,000 . The photographs were enlarged 4 x 

and then used for making the anaglyph. It is interest ing to n ote 

that anaglyph a made fl.' om 2 . 7 x enlargement of the same or iginul 

photographs was far from satisfac tory and the depth of even tull 

was hardly discernible . 

In figure 5, a terrestrial anaglyph of the lo cal st'-< te assembly 

building is presented. The photographs w~re taken from un 

amateur 35 mm camera (Ricoh), with 40 mm focul length und then 

enlarged 6 x. 

In figure 6, ti.npther terrestrial anaglyph of one of the furnous 

Shila-Buliku statue (Dancing beautiful maiden carved in stone) of Belur , 

Ha~san District, Karnataka Sta te, India i s shown . Again the same 35 mm 

camera was used with ah object distance of 1 m. In that famous temple 

ther€! are at p1·eaent 38 rure stone curvine::s of a similur kind. 

SO:l-:IE AREAS OF APPLICATION: 

Adult education: Use of audio-visual ai d a in educution in 

general and adult education in purticulur is well known. A 

picture is worth a hundred words. If so, sui'ely au anaglyph is 

WOI.'th u thoutxind words. Illusti·uted unaglyphs will p rovid e a 

str ong motivation for learning in adult education progrLUDI!les. 

Rural Development: The lunguuge of the unuglyph is universul. 

Anuglyphs of model villuge s and towns cun be mude und di stri bu ted 
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among the uneducuted furmers in developing countries . Us ing 

this us u bu.se, it is easy to formulate und implement many a 

rural development scheme in such countl'iE;s. 

Archaeology: Use of Photogrammetry in preserving and l'e.. 

constructing of archaeological specimens und structures is \\'ell 

known in developed countries. In developing countri6s, the 

u.nuglyph will provide a strong motivation for the u.rchaeologist 

to get all worthwhile archaeological treasures mapped and docu-

men ted. 

Tourism Development: Tourist spots of national und inter­

national importance t.md interest can be documented in the form 

of anuglyphs and used for publicity and tourism development. 
' 

It perm! ts a eel ecti ve choice when tour i tenerary is to be drawn up . 

Architecture : The archite ctura l monument is clearly and vividly 

brought horne to the beholder through the anaglyph . Hence, efforts in 

producing an undeforrned equivalent, scaled stereornodel in the form of 

anag lyphs will be highly app reciated. 

Pol ice investigations: Anaglyphs of acc i dent prone spots and also 

actua l acc idents h e lp in public education. Anaglyphs made from photographs 

taken from d i fferent v i ew points of an accident scene can be used in 

accident studies and in invest i gati ons . 

Remote Sensing: One of the main reasons for the use of black 

and white single photographs as the basis for interpretations is 

that aui table populur three dimensional vi suul techniques and 

consequent interpretation methods are lacking · The ·maglyph t e chnique 

can be fully developed und used to fill thi e gap. 
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Highwuy Engineering: The prepu rt~.t ion of Pho to-mon tu.g(;; 

for publi c ity purpose s in High~ay development is well known . 

From such photographs, anuglyphs cu.n be ma.de and used for tbe 

~e purpose, probably with a greater degree of success. 

Town planning: This is a field of study und developruc::nt, 

where in experts in a number of' disciplines und speciuli ties should 

work together. In this, the anuglyphs cun be conveniently used 

for infoi'lllUtion exchu.nge . 

Study of the phenomenu of vision: The f ield of visual optics 

is not bused on the same pedastal us geometric OlJtics using lenses, 

mii·rors and priams. In vi suul optics, personal factors und the 

in terpr eta ti ons p rovided by the human brain come in to p r ominent 

play. TI1e unaglyphs with visual distortions intensi onally built 

into than cun con tribute to a better under standing of the pheno2r.enu 

of human vision. 

CON9LUSION: 

1. A visuul study of the illustnJ.tion of the dl:awn anugly1)h 

indicu.tes to the tuct that the visual model ia rather very much 

closer to the undistorted equivalent digital terrain model than 

the model obtained by geodetic intersection s . 

2. It is cleai' that the eye lens system hue consider·u.b le distorti on s 

und its behaviour is fur from thut of u perf ect lens. So, it is 

quite likely tba.t t!le radial distortions produced increase the 

differential parallaxes resulting in modification of visual depth values . 

3. The vu.1·iution of sco.le in the direction of depth is not uniform. 

Hence, hUill.Un vision is not the case of an orthogonal uffine 
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defoi11llition involving only change of scale in the direction of 

depth. This ulso follows from a careful study of the r·esults of 

simulation study presented here. 

4. The question of producing absolutely distortion fr·ee anaglyph 

is a tricky one und should be accepted as u. challu.nge by the 

modern photogrammetri st. 

&;C ON!'lli..l\fl:lh T I ON S: 

1. The modern analytical photogrwnmetric techniques hu.ve converted 

the non-metric cumera systems into more useful metric sy ste1us 

by pr·oviding effective analytical meu.ns and techniques for 

analyzing imagery obtuined fr•om such cameras . These techniques 

should also be applied to a thorough and scientific study of the 

phenomena of vision. 

2 . The analytical plotters or preferubly other simpler· and less 

costly instrumentation should be improvised and improved for the 

simulation of distorted and undistorted anaglyphs. 

3. various applicu.tions involving use of anaglyphs us a medium of 

infonnution exchange or transfer should be developed und used in 

such fields us Adult educutiun, Rural development, .Architecture, 

TouT i srn dE:velopment etc. 

4. Use of three dimensional vision in photo-interpretu.tion anJ 

Remote sensing has not gained momentum mainly becuuse of the 

nonavailu.bili ty of easy and economical methods of providing such 

three dimensional perception . The ltU'ge scule use of unaglyphs 

and similu.r techniques may be considered as useful in bridging 

this gup . 

sss. 



ACKNOWLEDGEMENT 

The authors wish to acknowledge with thanks the financial 

support recieved from the Indian Space Research Organisation and 

the University Grants Commission, India . The anaglyphs given in 

the paper were produced under research grants from these 

Organisations . The authors are also thankful to the authorities 

of Bangalore University , Bangalore, India for their continu~d 

interest and encouragement . 

Mr . H. N. Narayana and Mr . P . Ashok Shenoy, students of 

Bangalore University , have provided miscellaneous help very 

willingly . The authors wish to thapkfully acknowledge the help and 

assistance provided by the As i an Institute of Technology, Bangkok . 

556. 



REFERf!illCES; 

1. Emsley; Visual Optics, Vol.2- Physiology of Vision, 

li'ii'th edition, :Butterworths, Londo·1, 1976. 

2. J"enkins and "White: Fundamentals of Optics, McGraw Hill Co., 

International student edition, 1976. 

3 • .Achu.rya: Geometrical Optics for Advanced Students, Oxford and 

IBH Publishing Co., Calcutta, First Published 1970. 

4. Schwidefeky: An outline of Pho·.;ogrannnetry, English Translation 

by John Fosberry, Sir Issaac Pitma11 and Sons, London, First english 

edition 1959. 

5. Hallei·t: Photogr·ammetl'Y, McGra\V Hill Co., New York 1960. 

6. Perelman; Physics for Entertairlment, Vol. 1 und 2, l>fir 

Publishers, Moaoo'W. 

7. Wolf: Elements of Photogrwnmetry, McGraw Hill,. Koga.khusha, 

New Delhi, 1974. 

8. Bioetereometrios 74: A Symposium of International Society of 

Photogrammetry, Hosted by American Society of Photogrammety, Washingto 

D.C ., September 10-13, 1974. 

557. 



F 

I 
I I 
I I 
I I 

I 1 I I 
1
1 1 11.96 

0.5~ ,,.. .J t--- ~I 
II 3.6 11 3.6 It 
t.. .. 1,. ~t I 

1. 6 --.J ...._ I 
~7.33--+t I 

... l ... ._._--15.7---...... .......------24.4 -----~llot 

Figure 1 : Gulstrands Schematic Eye (All dimensions in Millimeters) 
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Figure 3(c) : Simulated Anaglyph : Green outline is Left Photo and 
Red outline is Right Photo. 


