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ABSTRACT

Theoretical explanation for the influence of camera frame si-
ze on efficiency of air surveys is presented. Productivity of
cameras with different frame sizes is estimated with respect
to the same assigned accuracy of terrain heights determinati-
on or with respect to equal resolution.

An increase in camera frame size is shown to bring forth an
increase in efficiency of air surveing and photographic pro=-
cessing or in case of equal efficiency an increase in accura-
cy of terrain heights determination and resolution. However
this increase in camera frame size causes additional consump-
tion of film, greater specific consumption of materials and
energy, greater camers dimensions and necessity to use carri-
ers with high ceiling.

1. INTRODUCTION

The basic size of aerial photographs intended for topographic
map production and updating in the USSR at present is 18 x 18
em size. All the technologies of map production and updating

are based on this size. Development of new generation of aser=-
ial surveying cameras and photogrammetric instruments neces-

gitates to find a good reason for choosing this or that size

of aerial photograph. It is the problem of size that the re-

port is concentrated upon.

It is known that the main features defining quality and effi-
ciency of stereophotogrammetric survey are: 1) accuracy of
space coordinates determination (heights of terrain points in
the first place); 2) correlation between volumes of field
and office interpretation that depends on resolution of ca=
mera; 3) productivity of air surveying that depends on pro-
jection of a stereopair's plane onto terrain. The above fea-
tures can be used to formulate two criteria for comparison of
two cameras with different sizes of their frame. The criteria
are:
1. Out of two cameras with different frame sizes the better
one is the camera which ensures better accuracy of terrain
heights determination or, depending on the purpose of a sur-
vey, better resolution provided productivity of the two came-
ras is the same,
2. Out of two cameras with different frame sizes the better
one is the camera that ensures better productivity provided
gﬁcuracy of terrain heights determination (or resolution) is
e sane.

An increase (change) in frame size (dimensions) is an example
of transformation that changes linear elements of optical
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system, i.e. focal length, diameters of pupils and lenses,
thickness of lenses and air gaps in proportion to changes of
frame size but does not change angular parameters, such as an-
gle of view and relative aperture, This transformation with
respect to basic parameters of a camera can be expressed as

E et = K 2? = const , £ = const, (1)

where K is coefficient of increase in frame size (coeffici-
ent of proportionality), ¢ 1is camera focal length, 1 is a
gside of a frame (photograph), § is relative aperture denomi-
nator, 2¢p is angle of view. Index "o" in this (1) and other
formulas means basic (18x18 cm) camers frame size, index "1"
referres to a camers with larger frame.

Let us compare the cameras under study from the standpoint
of the second criterion. Here we shall formulate two conditie~
ons. The first one lies in the fact that elements of resolu=-
tion A ensured by both cameras remain the same, i.e. relati-
on between volumes of field and office interpretation do not
change. This condition is characteristic of planimetry upda-
ting; the following expression holds true for the condition:

Ay =4, (2)

The second condition is characteristic of map production. It
lies in the fact that equality in errors of terrain heights
determination m, holds true for both cameras:

Tpy = W (3)

2. COMPARISON OF CAMERAS WITH RESPECT TO THE IMAGE QUALITY

Let us compare two cameras from the standpoint of the first
condition. Here we shall use a well-=known formula

-

where R 1is practical image resolution obtained under flight
condition, M is numerical photographic scale denominator, q
is constant coefficient when two cameras are compared; this
coefficient dependson contrast of terrain elements., Let us use
the expression (4) to write down the following:
A, M, R4 M, 1

where a is coefficient of relatiﬁe change of quality of lar
ge-gize ghotograph. After taking into consideration (2), we
shall obtain ratio of numerical photographic scale denomina=
tors which ensure equal resolution of cameras, i.e.

M,

~ﬁ? = a4 (5)

as well as ratio of surveying altitudes H, i.e.
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1. K (6)

As is known, projection of stereopair's plane onto terrain is
expressed by

S = (1-PX)-(1~Py)-12-M2 (7)

where P_ and P ere constant coefficients of photographs'
lateral™and 10ng§tudina1 overlaps. An increase in productivi-
ty can be written as a relation which, after allowing for (1),
(5) takes the following form:

K

S

84

(8)

i
SO

The expressions (6) and (8) show that if a,=K, i.e. resolu-
tion of a large-size aerial photograph decréased by a factor
of K and, consequently, angular resolution did not change,
then under the conditions given in (2) the altitude of air
surveying carried out with a large frame gize camera cannot
be increased, hence there will be no increase in productivity.
On the contrary, if a,=1, i.e. resolution of a large-size
photograph did not chainge and angular resolution increased by
a factor of, K, then altitude of aerial surveying would inc-
rease as K . The latter case corresponds, according to (5),
to aerial surveying at the same scales made with two cameras
under comparison i.e. M = My . It appears from the above theat
numerical value for an iﬁprovement in productivity can be fo-
und by determining the factors that raise angular resolution
as camersa frame size is inecreased.

The resoclution of an serial photograph as is known, is mainly
due to the following components:

1. Resolution of lens R_, which depends on quality of aber-
ration correction only. °It is known from the theory of optics
that proportional changes of all parameters of a lens do not
bring changes in anguler resolution. By expressing coefficient
at, in terms of angular resolution »Yi’ namely

Y

a1, = ~71 K 4 we can find out that in this case
o

a1, = K | (9

2. Resolution that depends on image motion R¥ « Let us use a
well-known expression for a resolution element in an image SW
which is caused by image motion S W-t

w M °?
and accept that values of W (speed of a carrier) and t (ti=
me of exposure) are constant. So we can write down the follo=-

wing relation: iw H
S = oy - N Hy
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if altitudes of surveying are the same, then

a1w = K (10)
3. Resolution of serial film R, « Since the same film is
used for both cameras we ma% accept that

of

84 = m=— = 1 (11)
4. Resolution that depends on lens pupil diffraction, Rje The
value of resolution element due to diffraction phenomena Sd

is calculated from 5
Sd = 0.00034*f'(1 + tg-ﬁ )

since f and S: are constent for both cameras, then
a. = 81d

14~
Sod

One can see from (9-12) that had quality of large-size aerial
photographs depended on the first two components an increase in
frame size (according to (8)) would not bring to an increase
in productivity. At the same time if only the lastetwo COmpo =
nents have an effect, productivity increases as K%, Since aq
coefficient depends on combined influence of a8ll components,
the coefficient values cannot be equal neither to one nor to
K. Hence if we take aq = K we shall not use an opportunity
to raise productivity at the cost of increasse in frame size.
Moreover, if we accept that aq = 1 (this will be equivalent
to surveying at the same scale with two cameras with different
frame size) we shall violate the condition (2) and thus inc=-
rease volume of field interpretation.

To determine quantitative value of the coefficient a4 we can
uge an empirical formula that correlates resolution of a pho-
tographic image with its components

= 1 (12)

1 1 1 1 1
R TR TR TR R
Since R = 5%— , we shall obtain the folloving:

¢
8=80+é\wﬁ|ﬂ0f+gd
Thus, with respect to two cameras under comparison one may
write down the following expressions for resolution elements
taking into account expressions (9=12):
0
Ap= K+ 6, + 80 my + Sy, (13)

Ag= (g + &g + Sq)em, + S, (14)
Having taken into consideration (2) and (5) and bearing in

mind that
8W1‘M1 = Swo‘Mo = W-t = const,
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we shall obtain the folloving:
SOK + 8f + Sd

15)
5 (

a4 =

In addition +to the above expressions, let us present formu-
las (omitting their derivation) that determine relation bets

ween general number of gerial photographs n and flight
strips ng which are necessary to survey an assigned terrain

aresa
ny _ “o
-Eg ol (16)
So
n
= | [ e (17)
Ngq 1

Begides, we can use the expression (from,[1] ) which descri=-
bes relative consumption of film

(18)

where E 1is a total area of film required to survey an asgi-
gned area of terrain.

To quantify coefficient a
TEA=~10 stock=produced camera as basic parameters. The camera
has 18x18 cm frame size, 100 mm focal length, 100° field of
view and 1:6,8 relative aperture. The data of photographic
image resolution tests using Type 28 aerial film were employ=
ed to derive the following values of resolution elements which
re members of expression (15): 30 = 0,00227; or = 0,00217;
a = 0,00556, This base camera was compared with 23x23 cm and
30x30 cm frame size cameras. The resulting coefficients of
proportionality K were correspondingly the following:
Koa= 1,283 KBO: 1,67. Thus we obtain from (15) that a4=1,063
afid  aq=1,1527

The changes in initial economic perameters with respect to
18x18 cm frame size base camera are given in Table 1. The pa-
rameters were calculated from formulas (8,16-18),

Table 1: Relative changes in initial economic parameters in
the process of map revision when frame size is chan-

we shall take parameters of AFA-

ged
Frame size, M1 H1 81 nq Ng4q Eq
cm - -
My Ho So I 1) 0
23x23 0,94 1,20 1,44 0,69 0,83 1,13
30x30 0,87 1,45 2,10 | 0,48 0,69 1,33

As follows from Table 1, the transition from 18x18 cm to
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23x23 cm frame size has the following effects on the process
of planimetry revision: when surveying the same area of ter=-
rain (resolution of the two cameras is the same) the scale of
aerial photograph will be larger by 6% and altitude of surve-
ing can be increased by 20%. The latter raises productivity
by approximately 40% hence the number of aerial photographs
deereases by 30% and number of <flight strips as well as fuel
and lubricants consumption decreases by 17%. However consump-
tion of aerial film increases by 13%. In case of transition
to 30x30 cm frame size the above mentioned showings increase,
correspondingly,by 13, 45, 110, 52 and 31%. Consumption of aeri-
al film increases by 33%.

3. COMPARISON OF CAMERAS WITH RESPECT TO THEIR
MEASURING QUALITY

Let us compare two cameras from the standpoint of the second
condition. Here we shall use the following formula:

= c-M

where m, is error of horizontal parallaxes difference deter-
mination.? Just like in the previous section let us write the
relation;

Ty M Bapr o My a
, 2
%o Mb mApo M0
After teking into account (3) we obtain that
M
—2 = a, (20)
M
1
2
S
1. .g... (21)
So 2
and by analogy with the previous section
H K E
1 = s E1 = ag (22)
HO 32 9]

The expression (21) is similar to the formule (8), but in the
first case coefficient a4 depends on resolution and in the
second cagse it depends on both resolution and metric accuracy
of photographic image. That is why just like in the previous
case, if ap = K, i,e. if all linear errors increase proporti-
onally with increase in frame size or if their angular errors
remained unchanged, then increase in frame size does not bring
forth raise in productivity. However if an = 1, i.e. all 1li=
near errors of a photographic image remain unchanged,or their
engular error,decreases by a factor of K , then productivity
raises as K2 o

It is known that the main components that influence accuracy
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of m, value determination are: error due to lens distorti-
on ( m> ), error due to non-flatness of filter surfaege

( m, fﬁgr error due to atmospheric refraction ( m a ), error
due”P to non-flatness of film surface ( Mpnn )9 Pecrror due
to casual deformation of aerigl film (m dp ), error of meas-
uring images with a photogrammetric ‘instrument ( m i)’
error of pointing and image points identification ( mApv?E

The first three factors are function of angular deviation of
light beam. One meay assume to a sufficient degree of accuracy
that in the case of proportional transformation the ftotal an=-
gular value of their errors is constant, hence

K (23)

Papa1 T % Mapao

where ma is error of horizontal parallaxes difference de=-
terminatlgﬁ due to angular parameters
A [l 2 2
LN ;\/mApr +Wge + My, (24)

Linear parameters of the three folloving factors do not chan-
ge when camera frame size is increased thus their angular va-
lues decrease proportionally with X. Thus, for example,ca-
sual deformation of aerial film does not depend on the size
of the latter and systematic deformation is allowed for with=-
in sufficient degree of accuracy. Experience gained in the
course of developing cameras with large frame size shows that
to achieve flatness of aerial film surface it is necessary to
make additional efforts to ensure that residual errors do not
exceed those of cameras with 18x18 cm frame size. As for the
accuracy of measurements made with photogrammetric instru-
ments, it depends on the accuracy rating of the instruments,
not on the size of a frame. Hence we may put down that

= 2 2 2
PApc = \/mApn * Tapg ¥ Tapi (25)

where M is error of horizontal parallaxes difference de-
terminatlgg due to the factors linear values of which remain
constant when frame size is changed.

As for the error of pointing and identification, it remains
proportional to image resolution and contrast of the image po~
ints under observation

= *-1-- (26)

If we sssume the value of ¢q constant, just like in the pre-
vious case, we may write down

m R

Thus the relation between &5 values for base camera with




smaller frame size and a camera with larger frame size can be
presented as

2 2 2 !
m,. K m + m + a,m
a = 2Bl _ ApA ApC 1_Apvo (28)
2 Tapo me o+ me 4 me
ApA ApC Apvo

Let us calculate the values of coefficient a, . For this
purpose, just like in the previous case, we “shall use basic
parameters of AFA-TEA-10 camera., The values of m (in mic=-
remeters) presented in Table 2 were calculated paccording
to the technique described in [2]; the values of errors were
taken fromhf3~5].

Table 2
mApr mApf mApa mapn ' mApd mApi mApv
10 3 5 5 12 4 6
Using the data one can get from (28) that
and =1,307.

a - a
Changes in initial economic parameters with respect to base

18x18 cm frame size camera which were calculated from formu-
las (16,17,20-22), are presented in Table 3.

Table 3: Relative changes in initial economic parameters
in the process of map production when frame size

is changed
Frame size, M1 H1 Sq n1 ns1 E1
cm M H S n n B
o 0 o] o] 80 o
23x%23 0,89 1,14 1,31 0,76 0,87 1,25
30x30 0,76 1,28 1,63 0,61 0,78 1,71

As follows from Table 3, employment of 23x23 cm frame gsize ce~
mera for map production makes it possible to decrease the to=
tal number of aerial photographs by 23%, number of flight
strips and fuel consumption by 13%. At the same time film con~
sumption increases by 25%. If 30x30 cm frame size camera is
employed the above showings increase by, correspondingly, 39
and 22%. Consumption of aerial film increases by 70%.

Theoretical investigation on influence of camera frame size
on productivity of air surveying can be used to validate a
choice of aerial photograph size,
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4. CONCLUSION

Thus 1t follows from the data presented here that an increase
in frame sige provides for increase in productivity of survee
ving, photographic processing and, partially, photogrammetric
operations. In the case when productivity is the same, this
increase in frame size ensures improvement in accuracy of
terrain height determination and resolution. Hence one may
gay that employment of cameras with larger frame size for pho-
togrammetric surveys is economically justified. At the same
time increase in frame size results in additional consumption
of film, greater specific consumption of materials (weight)
and energy, greater camers dimensions as well as necegsity %o
use carriers with high ceiling.
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