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The present invention relates to apparatus for
photogrammetrically surveying or ascertaining
sighting or gunnery errors for the case of moving
- targets, especially with relation to anti-aircraft

§ gunnery practice.

N In gunnery practice against moving targets, *

.especially aircraft, we have to distinguish funda-
mentally between\two different methods of pro-

‘cedure, i. e. gunnery ageinst towed targets with -

16 the aid of live ammunition on the one hand and
gunnery with the aid of blank ammunition to-
gether with & simultaneous survey of the air-
plane-trajectory on the other hand..

The shooting against towed targets has the

3

18 disadvantage that these towed targets are by far -

less mobile or movable than the airplane itself.
Gunnery practice with blind or blank ammuni-
- tion up to now has followed more or less the

following lines: The airplane-trajectory is sur- °

gp -veyed and recorded both as to position and time

in a continuous way and manner by means of
cinematographic photo-theodolites, and the time,
the timing of the projectiles, side and elevation

of the guns are recorded at the moment of dis-

9§ charging the gun; with the aid of said records it
then is possible to determine the sighting error.
~Since the speed of an airplane is of the order

of magnitude of that of the projectile, we must
determine beforehand a future station of the air-

30 plane (point of aim) on the basis—as is well
known—of various hypotheses. The point of aim

is & surmised future station of the airplane, in
which connection the word “future” is of critical
importance. After the span of time (mean time

35 of flight of the projectile), for which the station
of the airplane has been assumed beforehand,
has elapsed, the airplane should be stationed at

the assumed point (be-point). 'This, however, -

only comes true when and if the hypothesis was
4p based on the real factors and conditions. The
anti-aircraft guns, at the moment of their-dis-
charge, are sighted toward the point of aim; they,
however, shoot at the be-point, since the shell
arrives at its point of destination (be-point) only
45 after the time of flight of the projectile has
elapsed. The sighting elements of the guns thus
have been chosen-so as to bring the mean point
of hit—with all due forecast—into coincidence
with the be-point. A point of aim then, after a
50 certain length of time has elapsed (the so-called
timing period), turns into the be-point. The
geometrical distance between the be-point and
the true gsirplane-station (is-point) is called the
sighting error. ,
g6 The true airplane-station is found by means of

film pictures which have been taken—figures
from the moment of the gun’s discharge—after
the timing period has elapsed. The co-ordinates
of the be-point are computed on the basis of the

shooting tables, giving us the data of side, eleva- g

tion and timing. The sighting error then is
found by way of & geometrical formation of dif-
ferences. We thus will have to figure the absolute
co-ordinates of both of be-point and is-point.
This method of procedure is complicated and tire- gg
some and thus consumes much time.

- The procedure according to the present inven-
tion allows us to directly determine the sighting
error or, as the case may be, the gunnery error in

an essentially more simple Wway and manner in 18
cases where the photo-theodolites or the cine-
matographic photo-theodolites are controlled and
steered by and from the guns, timing machines, -
commander apparatus and the like by means of
motors. According to the method of procedure gq
along the lines of the present invention, the
translation of the movements onto the photo-

‘theodolites is effected by way of co-ordinate

changers and translatory systems with an in-
creased fixed or changing time of run, i. e. so- 2§
called delayers.

In this way the photo-theodolites are con-
tinuously directed to the be-point, and the sight-
ing error can be ascertained from the distances of
the airplane photos from the middle point of the $0
picture upon two related photographs.

The apparatus for photogrammetrically meas- -

-uring sighting and gunnery errors according to

the present invention includes at least two the-
odolites of known construction which are elec- 35
trically connected with the gun and the charging
machine and are directed by the latter by remote
control. The sctuation of the shutter mecha-
nisms of the phototheodolites likewise proceeds
from the gun by remote control, for example, by 40
the firing signal. An important part of the ap-
paratus of the present invention is formed by
special delay-producing devices which are con-
nected in the electrical conductors between the
gun and the phototheodolites and which increase 45
the time for transmitting the values from the gun

to the photo-theodolites by a flight interval cor-
responding to the ignition timing in any par-
ticular case.

A satisfactory form of construction for the &0
delaying devices is one embodying a moving steel
tape. This delaying device includes at least one
moving endless steel tape upon which, by means
of a so-called speaker head, magnetic registra-
tions are produced which are received by means &§
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of a so-called hearer head. The transmission of
the series of electrical signs which represent the
movement of the transmitter or sender at the gun
and at the ignition timing machine, and are reg-
istered magnetically by the speaker upon the
steel tape, and are received by the hearer head,
is in this way delayed by the time interval which
the steel tape consumes in travelling from the

speaker head to the hearer head. For character- -

izing a movement, it is necessary to employ series
of signs in several transmission channels. In

general, a steel tape delayer must be included in -

every transmission channel for increasing the
time interval required for the transmission, which
otherwise would be practically instantaneous.
This can, however, be eliminated, if according to
the present invention the. registrations of the
series of signs of the different channels are
spatially separated from each other upon the

steel tape or are accomplished by means of sev-
" eral superposed carrier currents which are modu-

lated by the sender movements to be transmitted.
The changing of the degree of increase of the
time interval for transmitting the sender move-

. ments i8 accomplished by changing in known

" manner the length of steel tape between the .

speaker head and the hearer head, which can be

accomplishd by shifting one of the heads rela-’

tively to the other or by keeping the heads sta-
tionary and varying the length o0f the path of
travel of the tape therebetween.

A satisfactory construction of the appa.ratus
mentioned above is illustrated—by way of exam-

ple—schematically in the accompanying drawing.

The apparatuses 3 and 4 house the delayers with

the steel tapes for recording the registratlons of

the sender<movements for the purpose of an arti-

ficial amplifying of the time of run of the trans-

mission of movements and signals onto the photo-
theodolites | and 2.
the changers of co-ordinates which—in a manner
well known—change the artilleristical co-ordi-
nates with which the guns 6 (in the drawing but

one of the latter is shown) are sighted toward

the point of aim 7 into the sighting co-ordinates
for the photo-theodolites | and 2. For the pur-
pose of transmitting movements pertaining to the
artilleristical co-ordinates (side—S, elevation—E
and timing—T) from the guns § onto the photo-
theodolites 1 and 2 as well as for transmitting

" the signal A of discharge, electrical circuits 8—21

are provided. The transmittance, however, also

“could take place in a wireless, optical, acoustical

or mechanical way and manner. -

The data of the co-ordinates side 8, elevation
E and timing T as well as the signal A of dis-
charge or firing are conveyed onto the main
delayer 3 by way of the lines 8, 9 and ({—I3:
Said’ data are delayed in the .said main delayer
by the amount of the time of flight of the pro-
jectile corresponding to the timing T. After the

time delay has elapsed, the values of side 8, eleva- -

tion E and timing T are transmitted to the co-
ordinate-changers § by way of the lines 14—I16
and there changed into the sighting co-ordinates
of the photo-theodolites | and 2.

This coordinate changing is necessary because
the gun coordinates must take account of. the
curved trajectory and, therefore, for example, the
elevation of the gun is not equal to the angle at
which the photo-theodolite is directed. In this
connection there are, of course, taken into ac-
count in known manner the different locations of
the photo-theodolites and of the gun.

The co-ordinates suitably are so chosen as to

The apparatus § contains -

‘may

render the photogrammetrical evaluation or
mapping of the photographic pictures simple.
They are transmitted to the photo-theodolites |
and 2 by way of the lines (8, ls and 20 and 2f,
respectively.

The firing signal A, which in the main delayer
3 has been delayed by .the amount of the time of

flight of the projectile, is transmitted to the

photo-theodolites | and 2 by way of the line I7

. and acts on their shutter mechanisms. A pre-

delayer & is connected to the line 8, 8, which
latter transmits the value of timing T, between
the gun or appurtenant timing machine and the

. main delayer 3. Sald pre-delayer takes the so-

called charging delay into account by pre-delay-
ing the transmittance of the timing index by the
amount of the charging delay. The latter is set
down as that length of time which elapses be-
tween the setting of the timing on the projectile
and the moment of firing, and it depends upon
the performance of the operating crew.

The timing value T, thus pre-delayed, together
with the data as to elevation and side of the guns
at the moment of firing constitute the collective

.values. of the artilleristical co-ordinates of the

point of aim.

The timing value T not only is transmitted by
way of the line 18 to the main delayer 3—for the
purpose ‘of a further delayed transmittance—but
at the same time is made use of, in known man-
ner, for regulating the delay apparatus, since the
latter, automatically or in combination with a
time indicator, is controlled corresponding to the
timing (time of flight of the projectile). -

Amplifiers may be hooked up—in known man-
ner—to all lines of fransmittance. 'The appa-
ratuses 8, 4 and 5, however, also may be intercon-
nected in a different way from the one shown, in

"~ particular in such -a way that the delay arises

between or after the tta.nsformations of the
co-ordinates,

The center of the picture or a special mark on
the film corresponds—in the photo-theodolites
pointed by way of the delaying deviées in accord
with. the sighting of the guns—to the be-point
(theoretical, mean point of detonation).

‘The field of view of the photo-theodolites may
be so chosen—by way and means of a suitable
photographical optical system—that the airplane
to be shot at is represented on the pictures with
the greatest degree of probability. The linear
distance then between the picture of the airplane
and the center of the picture is a direct measure

“for the sighting error in question. In order to

be able to ascertain this error then, a single twin-
exposure, for example, is sufficient instead of the
film exposures of the whole trajectory of the air-
plane by means of {wo theodolites as used hereto-
fore. No extensive analytical transformations are
necessary any longer, since the center of the pic-
ture corresponds to the be-point.

Gunnery practice with live ammunition also
be surveyed photogrammetrically—e. g.
against manned or unmanned fully movable air-
planes—in the following manner set forth by way
of an example:

The airplane is contxnuously sighted at and its
position registered or surveyed by means of a
sighting or. observation apparatus. The ascer-
tained co-ordinates of sight are transformed in
a commanding or corresponding apparatus into
artilleristical ones, and this is done for that be-
point at which the airplane is expected to arrive,
‘after the time of flight of the projectile has
elapsed, according to the method of extrapolation
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on which the commanding apparatus is based.
The guns now, however, are not sighted foward
this computed point, but instead toward the ap-
purtenant reflected .image of the latter, e. g.
with relation to the vertical plane passing through
the connecting line of the two exposure appara-
tuses (base line) or with relation to any vertical
line in space, sultably one through the center of
the base line. If now we point two of four expo-
sure apparatuses—which are set up in pairs and
which may be represented e.g.by cinematographic
theodolites—toward the true point and two to~
ward the said mirrored point, computed in ad-
vance, and if now, furthermore, we release the
shutters of the four apparatuses at the same mo-
ment, the glinning and sighting érrors may be
found from the appurtenant exposures in ques-
tion and thus also the performance factor of
extrapolation of the commanding apparatus ac-
cording to the geometrical art of photogram-
metry. ‘

* The use of Hve or ordnence ammunition will
not be fatal to the crew of & manned airplane
because the manned airplene is only used to be
aimed at, the anti-aircraft artillery being enabled
thereby to be operated in correspondence with the
mobility of a war-like airplane; the guns how-
ever are not sighted toward this manned plane or
toward the point extrapolated by the fire-director,
but toward a point which is in a definite and well-
known geometrical relationship fo the former
point, e. g. toward & point which is always the
geometrically reflected image of the former point
with relation to the vertical plane passing through
the connecting line of the two exposure appa-
ratuses. )

What I claim and desire to secure by Letters
Patent is:

1. Apparatus for photogrammetTically measur-
ing sighting and gunnery errors in gun practice
against moving targets, such as aircraft, compris-
ing at least two photo-theodolites provided with
shutter mechanisms, means for electrically con-
necting said photo-theodolites with the gun and
its ignition timing machine, mechanism con-
trolled by impulses transmitted by said connect-
ing means and corresponding to the gun coordi-
nates for directing said photo-theodolites in ac-
cordance with the adjustments of the gun and
ignition timing machine, mechanism connected
in said conductors for transforming the trans-
mitted gun coordinates into appropriate photo-

theodolite values, means controlled from the gun

for actuating the shutter mechanism of the
photo-theodolites, and a delayer device in the
electrical conductors between the gun and its
ignition timing machine on the one hand and
the photo-theodolites on the other for increasing
artificially the time of transmission of the values
of the gun and its ignition timing machine to the
photo-thecdolites by the time of flight of the pro-

upon the same point of aim as the gun, but always
after the instant of the discharge of the projectile
by a time interval corresponding to the time of
flight of the projectile.

2. Apparatus according to claim 1 wherein the

- delaying device in the electrical conductors be-

tween the gun and the photo-theodolites includes
at least one moving endless steel tape adapted to
receive magnetic registrations for conveying them
to a remote point, and including further for each
steel tape a speaker head for producing the regis-
trations and a hearer head for receiving the same.

3. Apparatus according to claim 1, wherein the

delayer device for increasing the time required
for transmitting a forward and rearward sender
movement is composed of & single moving endless
steel tape, & plurality of speaker heads arranged
to register at spaced points upon the steel tape the

. multiplicity of magnetic registrations required for
characterizing a forward and rearward move-'

ment, and a plurality of hearer heads for receiv-
ing the registrations. .

4. Apparatus according to claim 1, wherein the
delayer device for increasing the time for trans-
mission of a forward and rearward sender move-
ment is composed of & single moving endless steel
tape, a speaker head associated with the tape and
adapted to produce the multiplicity of registra-
tions required for characterizing the forward
movements by means of at least two carrier cur-
rents modulated by the sender movement, and a
hearer head for receiving the registrations.

5. Apparatus according to claim 1 wherein the
delaying device in the electrical conductors be-
tween the gun and the photo-theodolites includes
at least one moving endless steel tape adapted to
receive magnetic registrations for conveying them
to a remote point, and including further for each
steel tape a speaker head for producing the reg-
istrations and a hearer head for receiving the
same, and means for varying the increase of the
time interval for transmitting a signal from the
gun to the photo-theodolites, said means acting
to shift the hearer head in the delayer device
along the length of the steel tape relative to the
speaker head.

6. Apparatus according to claim 1 wherein the
delaying device in the electrical conductors be-
tween the gun and the photo-theodolites includes
at least one moving endless steel tape adapted to
receive magnpetic registrations for conveying them
to & remote point; said apparatus including fur-
ther for each steel tape a speaker head for pro-
ducing the registrations and a hearer head for
receiving the same, and means for varying the
increase of the time interval for transmitting a
signal from the gun to the photo-theodolites,
said means acting to shift the speaker head in the
delayer device along the length of the steel tape
relative to the hearer head.

1. Apparatus according to claim 1, wherein the
delaying device in the electrical conductors be-
tween the gun and the photo-theodolites includes
at least one 'moving endless steel tape adapted to
receive magnetic registrations for conveying them
to & remote point, sald apparatus including fur-
ther for each steel tape a speaker head for pro-
ducing the registrations and a hearer head for
recelving the same, and means for varying the
length of the steel tape between the speaker and
hearer heads in the delayer device, whereby the
degree of increase of the time of transmission of
& signal from the gun to the photo-theodolites is
regulated.

8. Apparatus according to claim 1, including a
plurality of delayer devices arranged in series in
the electrical conductors for transmitting the
values of the gun to the photo-theodolites, and
means for varying the degree of time increase of
sald delayer devices independent]y of each other.

9. Apparatus according to clalm 1 for photo-
grammetrically measuring sighting and gunnery
errors in sherp gun practice upon displaced tar-
gets, including at least four photo-theodolites
arranged in pairs of which one does not intersect
the target at the time of firing but delayed by the
time of flight of the projectile, and a mechanical
drive for so coupling the photo-theodolites with
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each other in pairs, that the second theodolite is

directed upon a displaced point of aim when the
first intersects the true target.
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 tinuous obtainment of associated artilleristic co-

10. Apparatus according to claim 1 for photo-~ .

grammetrically measuring sighting and gunnery
errors in sharp firing practice upon displaced tar-
gets, including at least four photo-theodolites ar-
ranged in pairs of which one intersects the target
not at the time of firing but after an interval

corresponding to the time of flight of the projec- .

tile, and a device having interchangeable connec-
tions for electrically coupling the phato-theodo-
lites with each other in pairs in such manner
that the second photo-theodolites of each pair is
directed to & displaced point of alm when the
first intersects the true point of aim.

11, Apparatus according to claim 1 for the con-

ordinates of the point of aim, including a delayer
device located in the electrical conductors for
transmitting the ignition timing value, saild de-
layer device comprising at least one moving end-
less steel tape, a speaker head associated with
each tape for producing magnetic registrations
thereon and a hearer head for each tape for re-
ceiving said registrations, said delayer device in-
creasing, by the charging period, the .time of
transmission of the ignition timing value from
the ignition timing machine and one of the afore-
mentioned  devices to which the correlated ad-
justments of the side and elevation at the gun
are directly transferred.

FRIEDRICH ERNST FISCHER.
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