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3,307,180 
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The present invention is related to an anti-aircraft sight 
ing device, im particular a radar sighting device, of the 
type provided with an equipment for automatic target 
tracking, which comprises in conventional manner serwo 
motors for laying the sight proper, that is the radar an 
tenna in a radar sighting device, in azimuth and elevation 
respectively and forsetting a range measuring unit, which 
serwomotors are supplied with control signals from the 
sighting device representing the azimuth angular devia 
tion and the elevation angular deviation respectively be 
tween the actual direction of the sight and the true di 
rection to the target and the difference between the range 
presently set in the range measuring unit and the true 
range to the target, so that the serwomotors will endeavor 
continuously. when the target is moving to keep the sight 
directed upom the target and the range measuring unit 
set upon the true range to the target. For the large 
velocities of modern air targets a very large amplification 
and a fast response should be required in the abovemen 
tioned servocircuits in order to obtain a suficiently ac 
curate target tracking. The control. signals supplied from 
the sighting device to the servomotors, which are repre 
senting the errors in the direction of the sight and in the 
setting of the range measuring unit, comprise, however, 
and this is in particular true for radar sighting devices 
such disturbances that the serwo-circuits, im which these 
control. signals are used, cannot be given a large ampli 
fication and a rapid response. In order to solve this 
problem, at least partially, the sighting device can be 
provided with a special computer arranged to compute on 
the basis of the target data determined by the sighting 
device and a certain assumption regarding the movement 
of the target some suitable regenerative control signal 
for the serwo-motors so that these will automatically, 
without any assistance of the error signals from the sight 
ing device, keep the sight directed upon the target and 
the range measuring unit set upon the range to the target, 
so long as the target is moving in the manner assumed. 
Then the error signals from the sight have only to pro 
vide a correction of the direction of the sight and the 
setting of the range measuring unit, if the target is de 
viating from the assumed manner of movement, where 
fore the serwo-circuits for these error signals do not have 
to be provided with a large amplification factor and a 
rapid response. Hitherto one has generally arranged the 
computer to calculate the azimuth angular velocity and 
the elevation angular velocity of the target about the 
azimuth axis and the elevation axis of the sight as regen 
erative control. signals for the assumption that the target 
is moving in a straight course with a constant Velocity, 
and these regenerative control signalshave been supplied 
to the servomotors laying the sight in azimuth and in 
elevation respectively. With the very large Velocities of 
modern air targets, however, the targets display consider 
able azimuth angular accelerations and elevation angular 
accelerations and also significant radial accelerations rela 
tive to the sighting device, im particular when the targets 
are passing close to the sighting device. If the regenera 
tive control. signals are representing the calculated values 
for the azimuth angular velocity and the elevation angular 
velocity of the target, no consideration will be paid to 
the abovementioned accelerations of the target. Further 
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2 
more, the assumption that the target is moving in a 
Straight course with a constant velocity is not realistic 
under all circumstances as modern air-targets have in 
many cases, for instance during dive attacks, a consider 
able acceleration in the direction of the course flight. It 
has, therefore, turned out to be impossible to achieve a 
suficiently accurate target tracking in direction and in 
range by the aid of regenerative control signals repre 
Senting the elevation angular welocity and the azimuth 
angular velocity of the target and calculated with the 
assumption that the target is moving in a straight course 
with a constant velocity. 
The object of the present invention is therefore to pro 

vide an anti-aircraft sighting device of the type men 
tioned in the introduction and in particular a radar sight 
ing device of this type, which provides an improved auto 
matic target tracking, particularly for targets passing 
close to the sighting device and having an accelerated 
motion. Characteristic for the sighting device accord 
ing to the invention is that it comprises an electric com 
puter, preferably an analogue computer, which is supplied 
with data determined by the sight regarding the azi 
muth angle, the elevation angle and the range to the tar 
get and also the azimuth angular velocity, the elevation 
angular welocity and the radial or range velocity of the 
target with respect to the site of the sighting device and 
which is arranged to compute on the basis of said data 
and the assumption that the targe is moving in a straight 
course with a wariable velocity the azimuth angular ac 
celeration of the target about the azimuth axis of the 
sight and the elevation angular acceleration of the target 
about the elevation axis of the sight and to produce sig 
nals proportional to the calculated azimuth angular ac 
celeration and the calculated elevation angular accelera 
tion respectively, which signals are applied as regenera 
tive control. signals to the serwomotor laying the sight in 
azimuth and to the serwomotor laying the sight in 
elevation respectively. 
When considered mecessary, the computer can be 

arranged to compute on the basis of the above mentioned 
assumption regarding the movement of the target also the 
radial or range acceleration of the target with respect to 
the site of the sighting device and to produce a signal pro 
portional to said, calculated range acceleration, to be 
applied as a regenerative control signal to the serwomotor 
setting the range measuring unit. Under most circum 
stances, however, the range acceleration of the target is 
considerably smaller than the elevation angular accelera 
tion and the azimuth angular acceleration of the target 
and a certain error in the target tracking in range is also' 
generally less serious than an error in the target track 
ing in azimuth and in elevation, wherefore in many cases 
it can be suficient to calculate the azimuth angular accel 
eration and the elevation angularacceleration of the target 
and to produce signals proportional thereto to be used as 
regenerative control signals for the Servomotors laying the 
sight in azimuth and elevation. 
The invention gives an accurate target tracking without 

any assistance from the error signals from the sighting 
device, even if the target displays very large azimuth 
angular acceleration, elevation angular acceleration and 
range acceleration with respect to the sight and has an 
accelerated movement, provided that it is moving in a 
straight course and consequently its acceleration is in the 
direction of flight. The assumption that the aircraft is 
moving in a straight course and that its acceleration Vector 
is lying in the direction of this course is certainly not 
correct under all circumstances, but will in the practice 
not cause any serious errors, as one is interested in an 
accurate target tracking above all immediately before and 
during the firing at the target and the target is in most 
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cases fired at, at least when it comes to light anti-aircraft 
artillery, when the target itself is attacking and conse 
quently generally flying in a straight course. 

It turns out that the expressions for the azimuth angular 
acceleration, the elevation angular acceleration and the 
range acceleration of the target with respect to the sight 
are comparatively simple also with the assumption that 
the target is moving with a wariable velocity in a straight 
course, wherefore the Sighting device according to the in 
vention becomes comparatively simple, compact and 
cheap. According to the invention the computer is con 
sequently arranged to calculate the value of the expression 

;–2;+2? tam h) 
as a measure for the azimuth angular acceleration of 
the target about the azimuth axis of the sight, to calculate 
the walue of the expression 

;–23) – (?w)* sin hy cos hy 
as a measure for the elevation angular acceleration of the 
target about the elevation axis of the sight and possibly 
also to calculate the value of the expression 

Fl 
Fi 

as a measure for the range acceleration of the target with 
respect to the site of the sight. In these expressions Fl 
is the total velocity of the target or the component of its 
velocity in a predetermined direction, Fl the total accel 
eration of the target or the component of its acceleration 
in Said predetermined direction, All the range from the 
sight to the target as determined by the sight, All the 
range or radial velocity of the target as determined by the 
sight, hy the elevation angle to the target as determined 
by the Sight with respect to the plane im which the sight is 
laid in azimuth, Fiv the elevation angular velocity of the 
target as determined by the sight about the elevation axis 
of the sight and ?y the azimuth angular velocity of the 
target as determined by the sight about the azimuth axis 
of the sight. 

For the quantity Fl/Fl the computer is preferab?y 
arranged to determine the ratio between the acceleration 
component of the target which is parallel with the azimuth 
laying plane of the Sight and the velocity component of 
the target in the same direction. 

In Order to obtain an accurate control of the serwo 
motors by the regenerative control Signals representing 
the calculated accelerations of the target in the different 
coordinate directions, the serwomotors must be provided 
with feedback. Preferably each regenerative control. sig 
nal is supplied to the associated servomotor through an 
integrator and a signal generator is coupled to the serwo 
motor for producing a signal proportional to the speed 
of the Servomotor and this signal is fed back negatively 
or in opposition to the Servomotor. As an alternative 
the regenerative control signal can be applied directly to 
the associated Servomotor, im which case a signal gen 
erator is coupled to the servomotor for producing a sig 
nal proportional to the acceleration of the serwomotor 
and this acceleration signal is fed back negatively to the 
SerWOInOfOr. 

In the following the invention will be further described 
with reference to the enclosed drawing, in which 

FIG. 1 shows schematically by way of example an 
anti-aircraft radar sighting device according to the in 
wention; 

FIG. 2 is a projection of the movement of the target 
and the relationship between the target and the sight in 
the plane, im which the sight is laid in azimuth, that is in 
a plane perpendicular to the azimuth axis of the sight. 
In the following it will be assumed for the sake of sim 

Al+AL (?w. cos hv)2 + h)* 
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4. 
plicity that the azimuth axis of the sight is vertical and 
that consequently the sight is laid in azimuth in the hori 
Zontal plane; 
FIG. 3 is a corresponding projection of the movement 

of the target and the relationship between the target and 
the sight in a plane containing the direction from the 
sight to the target and the azimuth axis of the sight; that 
is a vertical plane containing the direction to the sight, 
if the azimuth axis of the sight is vertical as assumed. 
abowe; 

FIG. 4 shows in perspective the relationship between 
the sight and the target and the directions of the different 
coordinate velocities of the target, and 

FIG. 5 shows more in detail the electric analogue com 
puter in the sighting device shown in FIG. 1. 
The anti-aircraft sighting device shown in FIG. 1 com 

prises in conventional manner a radar antenna A, which 
is pivoted in a stand 2 on a platform 1, as schematically 
shown in the drawing. The platform 1 is journalled in 
a support structure 3 so that it can be rotated together 
with the antenna. For the sake of Simplicity it is as 
sumed that the platform 1 can be rotated about a vertical 
axis. The antenna A is mounted in the stand 2 so that 
it can be piwoted about an axis perpendicular to the axis 
of rotation of the platform 1., that is about a horizontal 
axis in the assumed case. The antenna A. can conse 
quently be layed in azimuth as well as in elevation in a 
conventional manner. The antenna is laid in elevation 
by means of a serwomotor SH and in azimuth by means 
of a serwomotor SS rotating the platform 1. The antenna 
A is in a conventional manner connected to a transmitter 
receiver equipment R for radar signals. The transmitter 
receiver equipment R. comprises a range measuring unit, 
which can be operated or set by means of a serwomotor 
SA. The radar sight is in any conventional manner de 
signed for automatic target tracking, that is the trans 
mitter-receiver equipment R comprises means for pro 
ducing a first error signal es representing the azimuth 
angular deviation between the actual direction of the 
antenna A and the true direction to the target M, a sec 
ond error signal eh representing in the same way the 
elevation angular deviation between the actual direction 
of the antenna and the true direction to the target and a 
third error signal ea representing the difference between 
the range Set in the range measuring unit and the true 
range to the target. The error signal es is connected 
through an adder circuit 4 to the serwomotor SS as a 
control Signal therefor and the serwomotor SS will con 
Sequently endeavor to rotate the platform 1 and thereby 
lay the antenna A in azimuth so that the error signal es 
is maintained zero, that is so that the antenna is kept 
directed upon the target Min azimuth. In a correspond 
ingway the error signal sh is connected through an adder 
circuit 5 to the servomotor SH laying the antenna A in 
elevation so that this serwomotor will endeavor to keep 
the antenna directed upon the target in elevation. The 
error signalea is connected through a corresponding adder 
circuit 6 as a control signal to the Servomotor SA, which 
Will consequently endeavor to keep the range measuring 
unit Set on the true range to the target. Tachogenerators 
T1, T2 and T3 are coupled to the Servomotors SS, SH 
and SA and generate consequently signals representing 
the rates of rotation of the Servomotors, that is the eleva 
tion angular velocity and the azimuth angular velocity 
of the antenna and the rate of change of the Setting of the 
range measuring unit: respectively. These signals are 
Connected through the adder circuits 4, 5, 6 to the asso 
ciated Servomotors SS, SH and SA as negative feedback 
Signals. As previously mentioned, the error signals es, 
6h and ea contain Such disturbances that the serwo-circuits, 
in which these control Signals are used, cannot be given 
a Suficient amplification and a suficiently rapid response 
SO that the antenna and the range measuring unit under 
the influence of these control Signals are brought to 
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track a target accurately, which is passing close to the 
sight with large velocity. 

In order to remedy this disadvantage, the sighting de 
wice according to the invention is provided with a com 
puter K, preferably an electric analog computer, which 
is supplied from the sight with the target data determined 
by the sight, wiz. the azimuth angle sy, the elevation angle 
hy and the range All to the targe and the azimuth angular 
velocity ?w, the elevation angular velocity liv and the 
range velocity Al of the target. As the computer Kisan 
electromechanical analog computer, the values for the 
azimuth angle sv., the elevation angle hy and the range 
Al respectively, are conveyed from the sight to the com 
puter by means of mechanical connections from the shafts 
of the serwomotors SS, SH and SA to those electromechan 
ical computer elements in the computer, as for instance 
potentiometers and resolvers, which are to be adjusted 
in relation to these values. In FIG. 1 these mechanical 
connections are indicated by dash-and-dot lines. Elec 
trical signals representing the azimuth angular velocity 
?w, the elevational angular velocity liv and the range 
velocity Al of the target are derived from the serwo-cir 
cuits for the serwomotors SS, SH and SA in a manner to 
be described in detail in the following and are in the 
computer K connected as control signals to serwomotors, 
which operate those electromechanical computer com 
ponents, potentiometers and similar, in the computer, 
which are to be set in agreement with the azimuth angular 
velocity, the elevation angular velocity and the range 
welocity respectively. 

According to the invention the computer is arranged 
to calculate on the basis of the target data supplied from 
the sight the azimuth angular acceleration ?w of the tar 
get about the azimuth axis of the sight, the elevation 
angular acceleration ?w of the target about the elevation 
axis of the sight and the range acceleration Al of the 
target with respect to the site of the sight for the assump 
tion that the target is moving in a straight course with 
wariable velocity, and to produce signals proportional 
to said quantities. These signals are used as regenerative 
control. signals for the serwomotors SS, SH and SA and 
are connected to the associated serwomotor through an 
integrator [1, 12 and I3 respectively and the correspond 
ing adder circuit 4, 5 and 6 respectively. Each integrator 
is additionally supplied with the corresponding error sig 
nal es sh and ea respectively from the target tracking 
equipment of the radar station R. Assuming that the 
error signals es, eh and ea respectively from the target 
tracking equipment in unit R are zero, that is that the 
antenna is directed accurately towards the target and the 
range measuring unit is set accurately on the range 
to the target, the integral from anyone of the integra 
tors [1, I2, 13 of the corresponding regenerative con 
trol signals proportional to the calculated acceleration 
of the target in the corresponding coordinate direction 
will obwiously control the associated servomotor SS, SH 
and SA respectively together with the feed back signal 
from the corresponding tachogenerator T1, T2 and T3 
respectively, and the serwomotors will consequently keep 
the antenna directed towards the target and the range 
measuring unit set on the range to the target with large 
accuracy, so long as the target is moving in the manner 
assumed, that is in a straight course. The error signals 
es, eh and ea from the target tracking equipment of the 
radar station need consequently to be used only for the 
correction of errors in the regenerative control of the 
serwomotors, which arise when the target is not moving 
in the assumed manner or are caused by inaccuracies in 
the regenerative control of the servomotors, which arise 
when the target is not moving in the assumed manner or 
are caused by inaccuracies in the regenerative control. 
It can be shown that the output signals from the integra 
tors I1, 12 and I3 are with good accuracy representing 
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6 
the azimuth angular velocity and the elevation angular 
velocity of the antenna and the rate of change of the 
setting of the range measuring unit respectively, that is 
these signals represent the azimuth angular welocity, the 
elevation angular velocity and the range velocity respec 
tively of the target, wherefore these signals are supplied 
to the computer K as measures for these target data. 
The shown design of the serwo-circuits gives also, a good 
filtering of the radar noise, which should in other cases 
appear in these signals supplied to the computer K. 

In the embodiment of the invention shown in FIG. 1 
the azimuth angular velocity and the elevation angular 
velocity of the antenna A and thus of the target are de 
termined by means of direct voltage tachogenerators T1 
and T2 coupled to the serwomotors SS and SH. This is 
advantageous, as direct voltage tachogenerators can be 
given a high accuracy. The serwo-circuits in FIG. 1 are 
consequently direct voltage serwo-circuits. It is under 
stood, however, that the feedback signals produced by 
the tachogenerators T1 and T2 should also be achieved 
by means of angular velocity sensitive gyros mounted on 
the platform 1 and the elevating mass of the antenna A 
respectively. Furthermore it is obvious that each feed 
back sigmal can be composed of Several signals derived 
from different signal generators, which signals together 
represent the azimuth angular welocity or the elevation 
angular velocity respectively of the antenna with respect 
to the ground, if the antenna platform 1 is mounted on 
a movable support. It is also obwious that the regenera 
tive control. signals can be connected directly to the asso 
ciated serwomotors, if these are provided with signal gen 
erators producing signals proportional to the azimuth an 
gular acceleration and the elevation angular acceleration 
respectively of the antenna. It is, however, dificult to 
obtain accelerometers with the same high accuracy as 
tachogenerators. 
As already mentioned is it not always mecessary that 

the serwomotor SA for the range measuring unit is sup 
plied with a regenerative control signal from the com 
puter K, as in most cases the range acceleration of the 
target is considerably smaller than its azimuth angular 
acceleration and elevation angular acceleration and as 
the demand for accuracy is normally less in the target 
tracking in range than in the target tracking in direction. 
The expression to be computed by the computer K 

for the azimuth angular acceleration of the target about 
the azimuth axis of the sight can be deduced from FIG. 
2, which is a projection in the horizontal plane, assumed 
to be perpendicular to the azimuth axis of the sight, of 
the movement of the target and the relationship between 
the target and the site of the sight. In FIG. 2, S desig 
nates the site of the sight and M the target. The azimuth 
angle in the horizontal plane between the direction to 
the target and a fixed reference direction O is designated 
with sv. The horizontal range between the sight and 
the target is designated with Ah and the horizontal ve 
locity component of the target with Fh. 
FIG. 2 gives directly 

?v=o * (1) 
and 

– Fh sing 
80–– 4, (2) 

where Fh and Ah are functions of the time. Derivation 
of the expression (2) gives 

s, Phsin e_Fh sin eil Fli cos te? su – 4) ü);"Ah + i; (3) 
FIG. 2 gives also | 

Ah=–Fh cos p (4) 
and if this relation is inserted in the expression (3) one 
obtains 

3 =* Fh sing m Ah Fh sin go –4h: 
"Fh, Ah T Ah, Ah, Ah* (5) 

  



3,307,180 
7 

If the relations (1) and (2) are inserted in the abowe 
expressions (5), one obtains 

šö= (;– 24), F”h Ah 
Furthermore one hasthat 

Ah=Al cos hy (7) 

where hy is the elevation angle between the direction to 
the target and the horizontal plane. Derivation of the 
expression (7) gives 

Ah=Al cos hy-Al hy sin hv (8) 
By dividing the expression (8) with Ah and using the 

relation (7), one obtains 
Ah Al 
3;=3-hy tam hv (9) 

If the relation (9) is inserted in the expression (6), 
one obtains 

(6) 

Fh. "All (10) 
which is consequently the expression to be calculated by 
the computer K for the azimuth angular acceleration 
?y of the target about the azimuth axis of the sight. 
The expression to be calculated by the computer K 

for the elevation angular acceleration of the target about 
the elevation axis of the sight can be deduced from FIG. 
3, which shows the projection of the movement of the 
target and the relation between the site of the Sight and 
the target in a vertical plane containing the direction 
to the target. Same reference characters are used in 
FIG. 3 as in FIG. 2 and furthermore H designates the 
horizontal plane, hy the elevation angle for the direction 
to the target relative to the horizontal plane, Al the 
slanting range from the site of the sight to the target, 
and Fy the vertical velocity component of the target. 

FIG. 3 gives directly 
Fh cos 9 sin he Fo cos hy 

Al Al (11) 
where Fh, Fv, p, hy and Al are functions of the time. 

FIG. 3 alsogives 
Al=–Fh cos p cos hy+Fv sin hy 

Derivation of the expresion (11) gives 
Fh cos z sinhw i Fw coshv * – –Ph sin 2 sin hv 2 

hi) = Al + i; Al -- 
Fh cos e cos hy hu K Fw sin hu hu 

Al Al 

Fh cos to sinho il – Po cos ho i 
Al2 Al2 

(12) 

(13) 
As it is assumed that the target is moving in a straight 

course, the total velocity and the total acceleration of 
the target has the same direction and the following rela 
tion is consequently true. 

F„F-7 (14) 
where F is the total velocity of the target and F the 
total acceleration of the target. It is also obwious that 
the same ratio is achieved between any acceleration com 
ponent of the target and the Velocity component of the 
targetin the same direction as the acceleration component. 
Insertion of the relation (14) in the expression (13) 
gives 
i =* Fh cos a sin hy 
0-7, Al 
Fh? sin go sin hv 

Al 

Fv cos hy +' ; h)- 
--(Fh cos go coshv– Fw sin hv *, 

Fv cos b) 
Al 

(15) 

Al/Fh cos (2 sin h0 
Al Al -- 
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8 
By using the realtions (1), (2), (7), (11) and (12) in 

this expression, one obtains 
* – Fh –244 i – (&) 2 si i =(; Al ). (?w)2 sin hv coshv (16) 

which is consequently the expression to be calculated by 
the computer K for the elevation angular acceleration 
hy of the target about the elevation axis of the sight. 
The expression possibly to be calculated by the com 

puter K for the range acceleration of the target with re 
spect to the site of the sight can be obtained by derivation 
of the expression (12), which gives 
Al=–Fh cos p cos hy+Fy sin hv+Fh p sin p 

cos hy+Fh hy cosh sin hy+Fy hy coshv (17) 
By inserting the relations (1), (2), (7), (1:1), (12) 

and (14) in this expression, one obtains 
–Fh 
i "Fh. (18) 

which is consequently the expression for the range accel 
eration Al of the target, which is to be calculated by the 
computer K, if a regenerative control signal is required 
also for the Servomotor operating the range measuring 
unit. 
AS understood from the above relation (14) and what 

has been said in connection with this relation, the quan 
tity Fh/Fh in the above expression (10), (16) and (18) 
for the azimuth angular acceleration, the elevation angu 
lar acceleration and the range acceleration respectively 
of the target can in principle be replaced by the ratio 
Fv/Fy between the vertical acceleration of the target and 
the vertical velocity of the target or by the ratio F/F, 
between the total acceleration of the target and the total 
velocity of the target or by the ratio between any other 
acceleration component of the target and the Velocity 
component in the same direction as the acceleration com 
ponent. It is, howewer, important that the acceleration 
component and the velocity component are chosen in 
such a direction that the ratio between them does not 
become indefinite for a certain type of movement of the 
target. For this reason the ratio Fv/Fv is inexpedient, 
as this ratio will obviously become indefinite, as soon 
as the target course is horizontal. From this point of view 
it should be most advantageous to use the ratio F/F be 
tween the total acceleration of the target and the total 
Velocity of the target, as this ratio is never indefinite. 
To evaluate the total velocity of the target requires how 
ever more extensive arithmetic operations than to evalu 
ate its horizontal velocity, wherefore it is preferable to 
use the ratio Fh/Fh between the horizontal acceleration 
and the horizontal welocity of the target. This is pos 
sible, as this ratio will be indefinite only if the target 
has a vertical or substantially vertical course, which is 
a wery unlikely type of movement for the target. 

Regarding the various quantities contained in the above 
deduced expressions (10), (16) and (18) for the azimuth 
angular acceleration ?w, the elevation angular accelera 
tion hy and the range acceleration Ali of the target fol 
lowing quantities are directly determined by the sight and 
supplied to the computer K, wiz. the range All to the tar 
get, the range velocity Al of the target, the elevation 
angle hy to the target, the elevation angular velocity hiv 
of the target and the azimuth angular velocity ?y of the 
target. Regarding the value for the horizontal velocity 
Fh of the target this must however be calculated by the 
computer. The expression for the horizontal velocity 
Fh of the target can be deduced from FIG. 4, which shows 
in perspective the relationship between the target M and 
the site S of the sight and the different coordinate veloci 
ties of the target determined by the sight, wiz. the azi 
muth angular welocity ?w, the elevation angular welocity 
liv and the range of velocity Al. 
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From FIG. 4 it can be seen that the target has a hori 
zontal velocity component in the direction perpendicu 
lar to the projection Ah of the direction to the target 
and that this velocity component has the value 

Ah ?v=Al ?w. cos hy (19) 
In addition thereto the target has a horizontal weloc 

ity component, which is parallel to the horizontal projec 
tion of the direction to the target and has the value 

–Al cos hy+Al hy sin hy (20) 
Vectorial addition of these two mutually perpendicu 

lar velocity components will give the total horizontal ve 
locity Fh of the target, having consequently the expres 
sion 

Fh=W(Als coshv)2 + (Al cos ho – Aliv sinho)* 
(21) 

It requires consequently only one vector addition for 
calculating the horizontal velocity of the target. In or 
der to calculate the total velocity of the target, however, 
it should be mecessary to make two vector additions, 
wherefore this is a more complicated arithmetic opera 
tion. 
FIG. 5 shows a block diagram of the computer K for 

calculating the above deduced expressions for the azimuth 
angular acceleration, the elevation angular acceleration 
and the range acceleration of the target and for produc 
ing signal voltages proportional to said expressions to be 
applied to the serwomotors SS, SH and SA as regenera 
tive control signals. The computeris an electric analogue 
computer comprising as computer components essen 
tially potentiometers, which are so designed and So op 
erated in dependence of the input data supplied to the 
computer that they have voltage divisions proportional 
to the quantities indicated within each potentiometer 
symbol in FIG. 5. As already mentioned, those poten 
tiometers which are to be set in dependence of the azi 
muth angle sy, the elevation angle hy and the range Al 
to the target are mechanically coupled to the Servomo 
tors SS, SH and SA respectively, whereas those poten 
tiometers which are to be set in dependence of the azi 
muth angular velocity ?y, the elevation angular velocity 
Fiv and the range velocity Al of the target as determined 
by the sight are coupled to serwomotors within the com 
puter but not shown in the drawing, which are controlled 
by the signals supplied to the computer from the sight 
and are representing the azimuth angular velocity, the 
elevation angular velocity and the range Velocity of the 
target respectively. 
At terminal 7the computeris supplied with a reference 

alternating voltage assumed for the sake of simplicity to 
have the amplitude value 1. This reference voltage is 
connected to a first potentiometer P1 having a voltage 
division proportional to the range Al to the target. The 
voltage from the potentiometer P1 is connected to two 
series-connected potentiometers P2 and P3 having a volt 
age division proportional to the azimuth angular Velocity 
s. w and to cos hy respectively. The voltage from the po 
tentiometer P3 is consequently proportional to Al ?w. cos 
hy. The voltage from the potentiometer P1 is also con 
nected to a potentiometer P4 having a voltage division 
proportional to the elevation angular velocity liv. The 
voltage from the potentiometer P4 is consequently pro 
portional to Al Fiv. The reference voltage on terminal 7 
is also applied to a potentiometer P5 having a voltage 
division proportional to the range velocity Al. The volt 
ages from the potentiometers P4 and P5 are connected 
to each one of the input windings of an electric resolver 
R1, the rotor of which is rotated relative to the stator of 
the resolver in agreement with the elevation angle hy 
to the target. The output voltage from the one output 
winding of the resolver R1 is consequently proportional 
to Al cos hy-Al hy sin hy. This voltage and the Voltage 
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10 
from the potentiometer P3 are connected to each one of 
the input terminals of a unit 8 of the type producing an 
output signal proportional to the square root of the sum 
of the squares of the two input: quantities. The unit 8 
can for instance be of the type described in any of the 
U.S. patent specifications 2,600,264, 2,781,169 and 2,997,- 
236, but can of course also consist of some other con 
ventional device giving an output signal proportional to 
the square root of the sum of the squares of two input 
signals. The output voltage from unit 8 is consequently, 
according to the expression (21) above, proportional to 
the horizontal welocity Fh of the target. This output 
voltage is a direct voltage and is connected through an 
adder circuit 9 as a control voltage to a serwomotor SF. 
A potentiometer P6 supplied from the terminal 10 with 
a reference direct voltage of the magnitude 1 is coupled 
to the shaft of the serwomotor SF. The voltage from the 
potentiometer P6 is consequently proportional to the hori 
zontal welocity Fh of the target and this voltage is fed 
back in opposition to the serwomotor SF through the 
adder circuit 9 and is also connected to a differentiating 
circuit 11 producing consequently an output voltage pro 
portional to the horizontal acceleration component Fh 
of the target. This voltage is also fed back in opposition 
to the serwomotor SF through the adder circuit 9, where 
by an accurate speed control of the serwomotor is 
achieved. The voltage from the differentiating circuit 11, 
obwiously being a direct voltage, is connected to a modu 
lator M1, the output alternating voltage of which is con 
nected to a potentiometer P7, which is coupled to the 
shaft of the serwomotor SF and has a voltage division 
proportional to 1/Fh. The alternating voltage from the 
potentiometer P7 is consequently proportional to Fh/Fh. 
For the calculation of the azimuth angular acceleration 

?y of the target the computer comprises a potentiometer 
P8 having the woltage division 1/Al and being supplied 
with the voltage proportional to Al from the potentiom 
eter P5. The voltage from the potentiometer P8 is con 
sequently proportional to Al/All. Furthermore the com 
puter comprises for the calculation of ?y a potentiom 
eter P9 having the voltage division h - w and being fed 
with the reference voltage from terminal 7. The output 
voltage from the potentiometer P9 is connected to two 
series-connected potentiometers P10 and P11 having the 
voltage division sin hy and 1/cos hy respectively. The 
voltage from the potentiometer P11 is consequently pro 
portional to Fiv tam hy. This voltage and the voltage from 
the potentiometer P8 are connected to an adder circuit 
12. The voltage proportional to Fh/Fh from the po 
tentiometer P7 is also connected to this adder circuit. 
The adder circuit 12 is designed to add the supplied input 
voltages with the mutual proportions and polarities indi 
cated at the input terminals of the adder circuit. The 
output voltage from the adder circuit 12 is connected to, a 
potentiometer P12 having the voltage division ?w. The 
alternating voltage from the potentiometer P12 is con 
sequently, according to the above expression (10), pro 
portional to the calculated azimuth angular acceleration 
?y of the target. As the voltage from the potentiometer 
P12 is an alternating voltage, whereas the regenerative 
control signal for the azimuth laying serwo of the antenna 
must be a direct voltage signal, the voltage from the po 
tentiometer P12 is connected to a demodulator D1, which 
gives consequently a direct voltage proportional to the 
computed azimuth angular acceleration ?y of the target. 

For the calculation of the elevation angular accelera 
tion Riv of the target the computer comprises a potentiom 
eter P13 having the voltage division (?v)?, which is sup 
plied from the reference alternating voltage on terminal 
7. The output voltage of this potentiometer is applied 
to a potentiometer P14 having the voltage division cos 
hy. The voltage from the potentiometer P14 is connected 
to an additional potentiometer P15 having the voltage   
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division sin hy. The output voltage from this potentiom 
eter is consequently proportional to (?w)2 sin hy cos hy. 
Furthermore, the computer comprises an adder circuit 
13 having as input: voltages the voltage proportional to 
Al/Al from the potentiometer P8 and the voltage pro 
portional to Fh/Fh from the potentiometer P7. The 
adder circuit 13 is designed to add the two input 
voltages with the mutual proportions and polarities, 
indicated at the input terminals of the adder circuit, 
wherefore the output voltage from the adder circuit 13 
is proportional to Fh/Fh–2Al/All. This voltage is con 
nected to a potentiometer P16 having the voltage di 
vision liv. The output voltage of this potentiometer is 
connected to an additional adder circuit 14 together with 
the voltage from the potentiometer Pi5. The adder cir 
cuit 14 is designed to add the two input: Voltages with 
the mutual proportions and polarities indicated at the 
input terminals of the adder circuit, wherefore the out 
put voltage from the adder circuit 14 will, according to 
the above expression (16), be proportional to the calcu 
lated elevation angular acceleration liv of the target. 
The output alternating vo?tage from the adder circuit 
14 is connected to a demodulator D2, which gives con 
sequently an output direct voltage proportional to the 
computed elevational angular acceleration i y of the 
target. 
For the calculation of the range acceleration Al of 

the target with respect to the site of the sight the com 
puter comprises a potentiometer P17 having the voltage 
division Al and being fed with the voltage proportional 
to Fh/Fh from the potentiometer P7. The output volt 
age from this potentiometer is consequently proportional 
to Al Fh/Fh. Furthermore, the computer comprises a 
potentiometer P18 having the voltage division liv and 
being fed with the voltage proportional to hy from the 
potentiometer P9. The voltage from the potentiometer 
P18 is consequently proportional to (liv)*. An additional 
potentiometer P19 having the voltage division cos hy is 
fed with the voltage from the potentiometer P14, where 
fore the output voltage from the potentiometer P19 is 
proportional to (?y cos hy)*. This voltage is together 
with the voltage from the potentiometer P18 connected 
to an adder circuit 15, which is adding the two voltages 
with the mutua? proportions and polarities indicated at 
the input terminals of the adder circuit. The output volt 
age from the adder circuit 15 is connected to a po 
tentiometer P20 with the voltage division Al. The out 
put voltage from the potentiometer P20 is consequently 
proportional to Al L(sy cos hv)*--hy*). This voltage is 
together with the voltage from the potentiometer P17 
connected to an adder circuit 16, which is adding the two 
voltages with the mutual proportions and polarities indi 
cated at the input terminals of the adder circuit, where 
fore the output voltage from the adder circuit 16 will, 
according to the above expression (18), be proportional 
to the computed range acceleration Al of the target. The 
alternating voltage from the adder circuit 16 is connected 
to a demodulator D3, which produces consequently an 
output direct voltage proportional to the computed range 
acceleration Al, which direct voltage can be connected 
as regenerative control signal to the serwomotor SA. 

It should be noticed that the electric analog computer 
for the calculation of the azimuth angular acceleration, 
the elevation angular acceleration and the range accelera 
tion of the target, which is schematically shown in FIG. 
5 and described above, is only an example of a computer 
suitable for this purpose. The same arithmetic operations 
can of course be made also by a computer of a different 
type or design. 

I claim: 
1. An anti-aircraft sighting device comprising, in com 

bination: a sight layable in azimuth and elevation for 
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12 
determining the direction to a target, an automatic target 
tracking equipment for measuring the range to the 
target and for generating error signals representing the 
azimuth angular deviation and the elevation angular devia 
tion between the direction of the sight and the direction 
of the target and the deviation between the range present 
1y set in Said tracking equipment and the range to the 
target, Servomotors controlled by said error signals for 
laying said sight in azimuth and elevation and for setting 
the range im said tracking equipment, means associated 
with the sight and the tracking equipment for producing 
target data signals representing the azimuth angle, the 
elevation angle, and the range to the target and the 
azimuth angular velocity, the elevation angular velocity 
and the range velocity of the target in relation to the 
site of the sight, an electric computer supplied with said 
target data and arranged to compute on the basis of 
Said data and the assumption that the target is moving in 
a straight course with a wariable velocity, the azimuth 
angular acceleration and the elevation angular accelera 
tion of Said target and to produce signals proportional to 
Said computed azimuth angular acceleration and said, 
computed elevation angular acceleration respectively, said 
signals being connected to the serwomotor laying said 
sight in azimuth and the Servomotor laying said sight in 
elevation respectively as regenerátive control Signals for 
Said serwomotors. 

2. An anti-aircraft sighting device as claimed in claim 
1, wherein said computer is arranged to compute on the 
basis of said target data and of an assumption that the 
target is moving in a straight course with wariable veloci 
ty, also, the range acceleration of said target and to pro 
duce a signal proportional to said computed range ac 
celeration, said signal being applied as a regenerative con 
trol signal to the Servomotor for setting Said range meas 
uring unit. 

3. An anti-aircraft sighting device as claimed in claim 
1, and comprising an integrator, each one of Said regenera 
tive control. signals computed and produced by said com 
puter being connected to the associated serwomotor 
through said integrator, and wherein means are provided 
for generating signals proportional to the rate of change 
in the azimuth angle and the elevation angle respectively 
of Said sight effected by the operation of said serwomotors, 
said signals being fed back to the corresponding serwo 
motors in opposition. 

4. An anti-aircraft sighting device as claimed in claim 
1, wherein said computer is arranged to calculate a first 
expression 

–2+2? tan h) 
and a second expression 

*-941\, – (8,2 s. Fl 23). (?w)* sin hy cos hy 
wherein Flis the acceleration of the target in a prede 
termined direction, Fl is the velocity of the target in 
said predetermined direction, Al is the range to the target 
as determined by said sight, Al is the range velocity as 
determined by the sight, hy is the elevation angle to the 
target as determined by the sight with respect to the 
plane in which the sight is laid in azimuth, hy is the ele 
vation angular velocity of the target as determined by 
Said sight about the elevation axis of the sight and ?v is 
the azimuth angular velocity of the target as determined 
by said sight about the azimuth axis of the sight, and 
wherein a computer is arranged to produce first and 
Second signals proportional to said first and second expres 
sion respectively, Said first signal being applied as a re 
generative control signa? to the serwomotor laying said 
sight in azimuth and said Second signal being applied as 
a regenerative control signal to the serwomotor laying 
said sight in elevation. 
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5. An anti-aircraft sighting device as claimed in claim 
4, wherein said computer is arranged to calculate also, a 
third expression 

; i+AIG cos hy)2 +hy?) 
and to produce a third signal proportional to said third 
expression, Said third signal being applied as a regenera 
tive control signal to the serwomotor operating said range 
measuring unit. 

6. An anti-aircraft sighting device as claimed in claim 
4, wherein said, computer is arranged to calculate the 
quantity Fh/Fh, where Fh is the velocity component of 
the target parallel to the azimuth plane of said sight and 
Fh is the acceleration component of the target in the 
same direction as said velocity component, and to use 
said quantity as the quantity Fl/Fl when calculating Said 
first and second expressions. 
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7. An anti-aircraft sighting device as claimed in claim 

6, wherein said computer is arranged to calculate the 
expression 

V(Al ? cosh)2 + (al cosh – A i sinho): 
and to produce a signal proportional thereto, and wherein 
the computer includes a serwomotor controlled by said 
signal and signal generators coupled to said serwomotor 
for generating a signal proportional to the ratio between 
the rate of rotation of the serwomotor and the angle of 
rotation of the serwomotor, Said signal being used in the 
computer as a measure for the quantity Fh/Fh. 
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