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ch cosh
th tanh

cth coth

sch sech
osch  csch

arc sin sin 1

arc cos
arc tg tan 1
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PREPA RA TION OF A E R I A L  PHOTOGRAPHS FOR ANALYSIS ON A TOPOGRAPHIC

ST ER R ON ETE R

V. V. Pervozvanskiy

Aerial photog raphs should have good measurin g properties, which

depend on the photographic quality of the aerial negatives ,

orthoscopicity, an d resolution of the photographic image. The quality

of aerial negatives is mainly determined by the optical pr oper ties of

the photography system , the quality of the aerial f i lm,  the precision

of its alignm ent in the plane, the aerial photograph y cond itions, and

the development of the aeria l film. The measuring properties of

aerial photographs are also affected b y t he conditions und er wh ich

the positives are made, the resolution of the photog raphic paper, and

its deformation.

FTD—ID(RS)I—0I1)47—77
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Aerial photographs printed on photog raphic paper prelimin arily

glued onto glass are used for making stereoscopic drawings of relief

on a topographic stereometer. However, as of yet no single procedure

for gluing the the paper onto glass has been develope d , nor  is there

any one approach to selecting the finish of the paper.

Production subdivisions use both mat and glossy or high—gloss

paper. There are different methods of gluing the paper onto glass:

some subdivisions and enterprises glue standard 18x18 cm photographic

paper onto glass of the same size without any special preparat ion of

the glass; others treat the glass (mat) before gluing on the paper ;

some enterprises glue 21r23—21x22 cm photographic paper onto 18x18 cm

glass, bending the paper and gluing its edges to the underside of the

glass.

Mat paper is conven ient for drawing figures with a pe ncil and

India ink. Howe ver , the  lowered m a x i m u m  dens i ty  Dmax and love r

value of the  range of useful  exposure L of this phot ograph ic pape r

result in poorer de ta i l  in the picture, which  lowers the  precision of

measurement. Glossy and high-gloss paper (high values of Dmi ~ and

L) lose their advantage when their surface is treated with rubber,

wh ich is one way of making it possible to dra w on glossy paper with a

FTD — ID ( Rs ) I _ 0 14 t 17_ 77
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pencil an d India ink.

I

The diversit y of processes of gluing photographic paper is due

to the  a t tem pt to e l imina te  random de fo rma t ion  and its e f f e c t  on the

precision of stereoscopic measu rements.

Studies were conducted to de te rmine  the  advantages  of a give n

type of photographic paper finish and the method of gluing it onto

glass, as well as to explain the effect of these factors on the

precision of the s tereotopographic work done at the Nor th - western

Aerogeodes ic Enterpr ise .  This s tudy pro gra m consisted of:

1) obtaining compar i son  da ta  on the overa l l  dis tor t ion of aeria l

photographs;

2) detecting local distort ions;

3) ob t a in ing  com pariso n da ta  on the  resolution of each type  of

aerial photograph finish ;

4) determining the effect of the gluing method and fi nish of the

photographic paper on the precision of stereotopographic work.

The studies were conducted with measuring grids (Gautier) and

FTD—ID(RS ) I _ 0 J 4 L 17_ 77
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aerial photographs on a scale of 1:15,000 (obtained with aerial

camera AFA-TE—70), printed on diapositive plates and on different

photographic pa per:

a) 18x18 cm semi—mat and high—gloss paper prelimina rily glued

onto glass;

b) 21x23 cm semi—mat and high—gloss paper glued onto glass with

the edges bent underneath ;

C) 18x18 cm semi—mat and high—gloss paper glued onto glass with

a rough ma t surfa:e.

The aerial photographs were also printed on photometric p lates

made by the emulsion-washing laboratory of the enterprise’s

photograph y shop. Since prints made on mat paper do not have good

clarity, no distortion measurements were ma de on the pictures printed

on flat paper.

The established technological process for gluing the

photogra phic paper onto glass and printing the pictures was followed

closely.

The composition of the starch—gelatin glue used at our
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enterprise for  gluing down the paper was as follows:

1’ !
Water • • •~~~ ••~~~~•• •. . . _  I

Starch ...... .. 150 g

Gelatin ............ 75g
Phenol ••...e ....... 1 g

Special graded test tables, with which reduced negatives and

prints on mat, sem i—mat , glossy and high—gloss paper were made , were

prepared to allow us to make a more objective ccmparative analysis of

the r~ solution of photographic paper with different finishes.

~ order to study the dependence of the total distortion of

aerial photographs on the method of gluin g the photographic paper

onto glass an d its finish, the distances were measured on precision

stereometer SN-4 in two mutually perpendicula r directions between

lines 1 cm from the edge for the measurin g grids, and between the

coordinate marks for the aeria l photog raphs.

Table 1 Shows the results of the measurements at a reading

accuracy of 0.02 for scales XX and TV. The values (distances)

I
I
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charact er iz ing d i s t o r t i on  are give n in mil l imeters .

The result s of the measurements  show tha t the f i n i sh  of the

paper and the different met hods of gluing it onto glass do not have a

significant effect on the overall distortjon — the distortion value

turns out to be of the same order of magnitude.

Measurements were made with grids and aerial photogra phs to

reveal local distortions caused by the overall effect of the

different methods of gluing the paper onto glass and the diffe rent

finishes. The differences between the longitudina l and transve rse

parallaxes were measured at 145 evenly spaced points within the

stereogram using the measuring grids on precision stereometer SM—Il

with the correctors turned off. Two stereograms were mad e for each

method of measurement; thus, there were 90 points. The precision of

the readings from the parallax spirals was up to 0.001 mm. The

results of the measuremen ts are given in Table 2. with the paralla x

values given in thousandths of a millimeter.

Possible local distortions caused by the different method s of

gluing the photographic paper onto glass and the finish of the paper

were determined from the aerial photographs by the same method used

to estimate the alignment of the aerial film in the plane. The

transverse parallaxes q and values of x and y were measured on scales
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XX and TY on stereometer SM— Il at 15 evenl y spaced points within the

Stere Og r am S. A f t e r  the curve  of the  values of * was p lo t t ed  and  the

value of q was calculated from formula q = ~y, the measured

transverse parallaxes were compared to the prelimina rily calculated

ones (graphic interpolation method ). The measurements were mad e on

two stereograms for each paper finish and method of gluing the pa per

onto glass. Table 3 shows the mean and ma ximum values of the

divergences qH3u — qBi~
iq, between the measured and preliminarily

calculated values of q fox. 18 points, expressed in thousandths of a

millimeter. The data in the table characterize the combined effect of

several factors on the distortion of aerial photographs — the method

of gluing down the photogra phic paper, its finish, and also the

distortion of the aerial negatives.

It is evident from Tables 2 and 3 that neither the method  of

gluing the phot ographic paper onto the glass, nor differences in the

emulsion layer fin ish Of the paper have a significant effect on local

distortion s.

The resolution of photographic paper with different surfa ce

emulsion layers was compared b~ visual observation under a bea m with

8~~IOx enlargement f r o m  the special graded test table on

photographic paper (graded test object ) p r i n t e d  on h igh—gloss ,

glossy, sem i— ma t and  mat pape r wi th  approximate ly  identica l contrast

~~~
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(No. 3).

I I

The results of observations made by a rather large group of

photogrammetrists confirm that mat paper has greatly inferior

resolution and lower pict ure clar i ty  than semi—mat , glossy and

high— g loss. The glossy and high—gloss fin ishes cf the graded test

objec t were not t r ea ted  w i t h  r u b b e r  in th is  case. The test objec t

4 negative had a resolution of R = 107 lines/am ; the semi—mat , glossy

and high—gloss — R = 64 lines/mm; and the mat paper — B = 143

lines/mm.

ITt order to obtain comparison data character izing the effect of

the  finish of the phot ographic paper and the met.iod of gluing it down

on the precision of stereotopographic wor k, the aerial photographs

were oriented on a topographic stereomete r with  two s tereogram s for

each version at a specified height of the check points and the

stereoscopic relief drawing. The precision of this operation can be

judged from the data in Table 4, which shows the  errors in the

photogrammetric determination of the heights calculated by the

divergences of the geodesic and photogrammetric marks of the check

points.

Table ~& shows tha t  the  precision of de t e rmin ing  the  hei g ht s  was

of t he  same order of m a g n i t u d e  for all the  methcds  of p r epa r ing  the

I
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aerial photogra phs for  analysi s on the topographic  s tereometer .

Somewhat more precise photogra m metric point marks were determined on

the diapositive slides. No appreciable differences were detected in

the relief drawing.

These studies allow us to make the following conclusions.

1. All of the above methods of gluin g ptiotcgraphic pa per onto

glass and the f in ishes  of the phot ographic  pa per (semi-mat , gl ossy

and high—g loss) can be used without lower in g the precision of the

process. However , it is more expedient to use aerial photographs

pr in ted  on s t andard  l B x l S  cm semi— ma t paper glued onto glass without

bending the edges. This paper has good resolut icn and does not make

it necessary to p r e l i m i n a r i l y  t rea t the sur face  of the aerial

photograph with rubber or coat it wi th  va r i cus  specia l emuls ions,

thus increasing the process’ efficiency and lower ing its cost.

2. The va lue  of g lu ing la rge sheets of photographic paper and

bending their edges and gluing them to the unders ide of t.he glass was

not conf i r med. This method of gluing the paper is more complicated .

Fu r t h e r m o r e , this method  takes up  to 450/ a more paper and has a high

percentage of defectiveness.

3. The advisability of preliminarily matting the glass was

______ —~~~ 
- 

~- --~~—————~~~~
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not substantiated.

4-

t ~
4. When preparing aerial photogra phs for analysis on a

topog raphic stereometer one should:

a) strictly follow the procedures for gluing down the

photographic paper and for photolaborator y processing of aeria l

photograph s — the length of time the prints are in the fixer and in

water, the correct method of washing (nondirected jet) ;

b) grin d the edges and corners of the glass to prevent

scratching the hands;

C) gl ue strips of ordinary pape r 1 cm wide or a sheet of

ordinary roll paper ~~16x16 onto the edges of the underside of

the glass to prevent the glass from slipping off the inclined holder

of the instrument :

d) closely chec k the suitability of aerial ph otographs for

stereoscopic measurements (dabs of glue, blobs, bubbles, etc., should

not be seen from the un derside of the glass, since this results in

distortion s).

Aerial photograç~s for analsysis on a topographic stereome ter are

~~~~~~~~~~~~~~~~~~~~ 
_ _.__j .~ _~~_ __ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —
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taken one to two years before they are used. Therefore, research on

the effect of the method of gluing the pa per onto glass on its

distortion should be expanded to a broader sphere of commerc ia l

materials, making  i t  possible to determin e the  dependence of

deformation of the photographic paper on the length of time aerial

photograph s are stored at different air temperatures and hum idities.

It is advisable to prod uce photographic paper with a metal

insert in the backing layer in order to eliminate the effect of

photographic pa per defor•ation on the precision of stereotopog raphic

work.

• I

J

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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t5441.l - I.
1.0 ____a, _____________

(g) 
- 

(j~) ~~ ) . x ~~~~~~~OTo6 y Mara . HaKJ1 e- ‘DoT0~ yMara. HaICJIe- ~~OT06yMat’a ,
= eMIlas~ Ha cT eKJ~o ~IU4~H Ha creKJ~O e~~ aa Ha ~a’r~po-

6e~ 3arII6a Kpa~’I~ c 3arH6oM KpaeB BaHHOO CTeKJIO

~ no.,v~ta •  OCO6O I JIWIV Ma . ~~~~~~
,~~ = TOBasI aaa

I-
lb II3Mcp HTe.’IbHWM cerkaM

XX 160.09 — 160.02 160,07 160,06 160,04 160,08 160,00
VY 160.O~s — 169.07 160,04 160,04 160.05 160.06 160.06

(~o) 110 a3pocHts MKaM

XX 172,87 172.8 1 172 ,81 172 ,80 172,81 172,79 172 , 78 172 ,80
IT 173,09 173,17 173,03 173,02 i 173 ,08 173,09 172 ,99 173 ,04

KEY: ( t )  Direct ion. (2) Diapos itives. (3) Pboto etric plates. (~)
Ph otographic paper g lued  ont o glass wi thout  bend ing  the  ed ges. (5)

Photographic  pa per glued onto glass wi th  edge s bent. (6) Photographi(

paper glued onto m a t  glass. (7) semi—mat .  (8) h igh—g loss. (9) From

measuring grids. (10) From aerial photographs.
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~ oTo6yMara , HaKJle- øoro6yMara . HaIc.Ie- 4 oro6y~~ara , HaKJse-
enHasi Ha CT~KJIO e nHaSt na CTV K.’IO eHnass H8 MaTHpoaaH.

6e3 sarH6a KpaeB C 3aru6oM IcpaeB siop Crs’I(.’Jo

• 
_ _ _  

J 
_ _  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

____________ t

~

p

~

q I ~~p q E t p l q  I t~p ‘i i~p ’p q  i~~ q ~~~ -

(7~ CsMMa 745 568 731 9821 7821 1153 682 933 493 940 846 995 8~3 1588
~~)Cpe~rnse 3Haqe- I I

HHfi 8,36,3 1 8.1 I0,9 8,7 12 ,8 7,6 10,4 5,5 10.4 9 ,4 1 1 . 1  9.7 17 ,9
(
~?~ ,MaKcsI~Ia.ns,smie I

29~ 20~ 27 38~ 38~ 
~~ 

27 32 14
1 

32
1 

301 37 27

KEY: (1) Diapositives. (2) Photogra phic paper glued onto g lass
without bending edges. (3) Photographic paper glued onto glass with

edges bent. (4) Photographic paper glued onto mat glass. (5)

semi—mat. (6) high—gloss. (7) Overall. (8) sean values. (9) Maximum

va lues.
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I

0) (~(a) 4’oTO6~ Mara. Has(.te- ~ oro(~vMara ,NaKJI~~loro6yMara . naKJie
• • 

I HHaH isa c reKJ~o6e3 CHHaH Ha crei io euHasi Ha ~Iarnpo .
Pacxo~sc~ esiiisi Iionepe~ - - - 

3arsIöa Kpaea I c 3ar1160\s i<paesi - naHHoe ci”i~~o

HUX napa’i~ ai~cos 
~ nO.) I y M s  1

~~~~~~~~~~~ :io ,%’%ia ~~~~~~ 1
~~~~~~~sa

@0C060Tonass I si ass na ss I

(qn3M —qB~~q)cp (2) 21 34 29 25 31 

- 

29 

- - 

21
(qliaM — 

~awq)max 45 82 66 72 62 81 72

KEY: (1) Divergenc. of transverse parallaxes. (2) Dia p~sitives. (3)

Phot ograph ic pape r glued onto glass wi thou t  bending edges. (14 )

Ph otographic paper glued onto g lass wi th  edges bent . (5) Photographic

paper glued ont o ma t glass. (6) semi—mat. (7) high—gloss. (8) Mean.

• j 4~~~q.
_ _ _ _  

_ __ g.a) L3~~~~ (9
(I,) ,~ ~ oro6yMara, HaIcJieeHnaa ‘l’oroOyMara , naKJieeHHass

Ha cleKj lo 6e3 3ar is6a isa CTCKJIO C 3aril6oM
IcpaeB KpaeB

~~~ ~~~~

--—-
-I

- -

~~~~

-

~~

—

~ ~~~
~ no.~yMaTosasI 1 ~~ no-lvMaToaass OC

• I r.,slHucisass • rJlsIHuessasI
_ _ _  

I~~~ ~~ I 
_ _ _

(‘~ i~o.1II’WCTBO TO4eK 51 49 51 50 47 50
($~ s p ~~Hsiss oIuH6Ka , M 0,33 0.42 • 0.42 0,43 • 0.47 0,48
(g ~la~cn~.aJibssaH owss6.

Ka . N 0 ,9 1,2 1,3 1 .3 0 ,9 1,2

KEY: (1) Dia posit i ves. (2) Photometr ic plates . (3) Phot ographic pa per
glued onto glass without bending edges. (4) Photographic paper glued

onto glass with edges bent. (5) semi—sat. (6) high—gloss. (7) Number

of points. (8) Mean error, a. (9) Nax issa error , a.
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