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DESCRIPTION 

Method for Correcting the Trajectory of a Projectile, in Particular of a Terminal 

Phase-Guided Projectile, and Projectile for Carrying Out the Method 

The invention is concerned primarily with the coding of a distance-dependent triggering 

of terminal phase-guided projectiles in the medium caliber range in particular, and 

preferably relates to a beam-riding method as a method for detecting the amount of 

deviation of the projectile. 

Specifically, 	terminal 	phase-guided 	projectiles 	generally must 	be 	altered 	in 	their 

trajectories or must themselves be capable of altering them. This is accomplished by 

means of actuating drives that are either aerodynamic or impulse-generating. The 

information for guidance is ascertained autonomously in the projectile or by means of a 

seeker head or alternatively is forwarded from the ground (beam-riding method). 

DE 44 16 210 Al concerns a method and a device for ascertaining the roll angle 

position on the basis of laser light. Here, a phase-coded laser light beam is produced 

with the aid of a holographic optical element. This beam is decoded by means of an 

additional holographic element on the flying body. The signal generated in this process 

is then used for correction. 

A method and a device for trajectory correction of projectiles are known from DE 44 16 

211 Al. In order to be able to correct both individual projectiles and multiple projectiles 

spaced closely together in time that have different deviations, it is proposed to divide a 
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guide beam — laser — into at least five component beams or segments that are arranged 

around a central guide beam segment aimed at the collision point. In this design, each 

guide beam segment is modulated differently. With the aid of the receiving device in the 

projectile, said projectile then ascertains from the modulation of the guide beam 

segment the angular position with regard to the collision point required for the 

correction. 

EP 2 083 243 A2 includes a method for ascertaining the roll angle position of a flying 

body. The method herein comprises the generation of a moving laser beam pattern over 

a solid angle of a laser beam within which the flying body is located. This step includes 

the detection of the laser light at the flying body by means of a detection point located to 

the side of the axis of rotation of said body as well as the pickup of the laser beam 

pattern at the relevant position of the detection point and ascertainment of the 

instantaneous roll angle position on the basis of the Doppler shift. In this method, the 

laser beam pattern is generated by stripes that move over the solid angle of the laser 

beam with a predetermined frequency. 

EP 2 128 555 describes a method for ascertaining the roll angle position of a rotating 

projectile or flying body. In this method, a light beam transmitted from a fixed station is 

received by the flying body and focused at the rear of the flying body on a sensor with 

the aid of an optical element. In this design, the focusing is a function of the angular 

position of the flying body in space. 

A method is known from WO 2009/085064 A2 in which the programming is carried out 

by the forwarding of light beams. To this end, the projectile has optical sensors on its 

circumference. 

DE 10 2009 024 508.1, which is not a prior publication, concerns a method for 

correcting the trajectory of a round of terminal phase-guided ammunition, specifically 

with the projectile imprinting of such projectiles or ammunition in the medium caliber 
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range. It is proposed therein to separately communicate with each individual projectile 

after a firing burst (continuous fire, rapid individual fire) and in doing so to transmit 

additional information regarding the direction of the earth's magnetic field for the 

individual projectile. The projectile imprinting takes place using the principle of beam-

riding guidance of projectiles. In this process, each projectile reads only the guide beam 

intended for that projectile, and can determine its absolute roll attitude in space using 

additional information, in order to thus achieve the correct triggering of the correction 

pulse. This imprinting is transmitted to the projectile with an induction coil at the muzzle 

(CH 691 143 A5), based on the AHED method for example. Alternative transmission 

possibilities, for example by means of microwave transmitters, are known to those 

skilled in the art from EP 1 726 911 A1, for example. 

The object of the invention is to specify a simple trajectory correction method that 

functions effectively. 

The object is attained through the features of claim 1. Advantageous embodiments are 

shown in the dependent claims. 

Building on the basic concept of the beam-riding method for each projectile, the 

invention is based on the idea of guiding or rotating a collimated laser beam about the 

center of the instantaneous desired course of the projectile in such a manner that the 

projectile itself detects its deviation and then carries out a self-correction. Effectively, a 

method known from seeker heads is combined with the beam-riding method with no 

seeker head. Other forms of electromagnetic signals such as light, radar, or microwave 

radiation in sufficiently collimated and directed form can also be used, and also in 

combination with one another. Hereinafter, a laser is used by way of example for a 

directed transmission of information. 

To this end, the projectile is tracked along its path after leaving the barrel via sensors, 

for example of the radar or optoelectronic type, and the actual trajectory is continuously 
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compared to the desired trajectory. A correction may also be necessary because the 

target has altered its predicted trajectory; in this case the desired trajectory of the 

projectile is made to track the altered trajectory of the target. If the projectile is in the 

central circular region, it is on the desired course. In the event of a detected deviation 

from the desired course, if the projectile is located outside this region, the trajectory 

must be corrected. For the correction, an optionally modulated collimated laser beam 

around the center of the projectile is sent after the projectile. 

For area targets, a standard correction is certainly adequate. In contrast, a more precise 

and measured correction is necessary for relatively small targets. To this end, either the 

pulse drive(s) can be designed to be variable in intensity, or else a pulse drive / the 

pulse drives with fixed impulse output can be ignited at different points in time relative to 

the expected impact point at the target. A combination of these options is also possible. 

If a relatively small correction of deviation is desired, the pulse drive(s) is/are only 

ignited shortly before the calculated impact point at the target; for a larger correction the 

drive is ignited correspondingly earlier for a relatively short or long remaining flight time. 

So that the procedure can be initiated, a first laser flash is triggered over a specific 

region, preferably simultaneously triggering the start of a time counting. A second laser 

then rotates about a central circle, preferably with a fixed rotational frequency. The 

projectile detects the second laser after a certain time. This time corresponds to a 

position or angle around the central circle. After said projectile detects its geostationary 

position in space, at least one pulse drive (if more than one is incorporated, then these 

as well) is initiated via a sensor such that said projectile is back on the desired course at 

the target, and hence strikes the target. 

In order to calculate the correct ignition time in relation to the time of impact, the 

projectile detects not only the magnitude of its deviation, but also the correspondingly 

earlier or later ignition of the pulse drive(s). 
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To this end, in a further development of the invention, the laser beam is coded in a 

deviation-dependent manner. In a simplest variant, this can be done by division of the 

laser beam into bright and dark zones in the form of a grid. If the projectile is located 

outside of the central core region but in the vicinity, the projectile senses fewer dark 

lines than in an outer region, for example, using its sensor (preferably a rear sensor). 

This is then interpreted as a relatively large deviation. In accordance with this coding or 

the set of beams, the magnitude of the deviation is then ascertained, and the correction 

is initiated immediately in the case of a large deviation or correspondingly later in the 

case of a relatively small deviation. For the tasks of ascertaining the deviation and 

initiating the correction, the projectile has a processor internal to the projectile in which 

the relevant delays are preprogrammed or stored. 

Alternative codings are known to individuals skilled in the art, so that the pattern of the 

laser image does not have to be restricted to stripes, or else could also be evaluated as 

line widths. Examples of methods generally known to those skilled in the art also include 

time-varying codings, polarizations, or signals modulated onto carrier waves. 

This method also finds application in hollow-charge projectiles or the like in addition to 

explosive ammunition. In this way, the high penetrating power and high temperature 

also make it possible to counter mortar rounds. 

In summary, it is thus proposed to guide or rotate a collimated laser beam about the 

center of the instantaneous desired course of a projectile in such a manner that the 

projectile itself detects its deviation and then carries out a self-correction. To this end, a 

first laser beam is transmitted over a specific area around the desired course of the 

projectile; this laser beam can simultaneously trigger the start of a time counting. A 

second rotating laser beam with a fixed rotational frequency is then placed around the 

region, for example simultaneously. Using this second laser beam, the projectile then 

detects its deviation relative to the desired course and initiates the correction based on 

the ascertained deviation. The magnitude of the ascertained deviation is then used to 
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carry out the timed initiation of the correction. To this end, delays of the triggering are 

implemented in the projectile. 

The invention shall be explained in detail using an exemplary embodiment with 

drawings. The drawings show: 

Fig. 1 	a basic structure of a projectile for the method, 

Fig. 2 	an embodiment of the method on the weapon, 

Fig. 3 	a schematic diagram of the method, 

Fig. 4 	a representation of a variant of the method. 

Fig. 1 shows a projectile or flying body 1 with a receiving window — that here is rear-

mounted — and a rear sensor 2, a sensor 3, an explosive 4, and a discharge element 5 

as a correction thruster 6. An on-board processor that stands in functional connection 

with the other components is labeled 7. 

Time delays for the initiation of the pulse drive 6 in accordance with a coding are stored 

in the processor 7. A magnetic field sensor is preferably used as the sensor 3. 

A sensor (radar, optical, etc) that is incorporated in the weapon 100, for example, is 

identified as 10, and 11 and 12 identify two laser beams that are generated by two laser 

devices 13, 14, for example (Fig. 2). 

The mode of operation is as follows: 

The magnetic field sensor 3 detects both the rotational speed (roll rate) of the projectile 

1 	and the direction of the Earth's magnetic field, which is known in principle, with 
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respect to the projectile 1. The projectile 1 itself is tracked on its path by at least one 

sensor 10 after it leaves a barrel of a weapon not shown in detail, and the actual 

trajectory is continuously compared to a desired trajectory. If a deviation is ascertained, 

a collimated laser beam 12, which optionally is spatially modulated, is transmitted 

around the center of the instantaneous desired trajectory in such a manner that the 

projectile 1 itself detects its deviation and carries out the correction by initiating the 

pulse drive 6. In this process, the collimated beam 12 is sensed by the rear sensor 2. 

Fig. 3 shows the projectile 1 in relation to various regions 15 that are formed by the 

collimated laser beam 11 in a plane perpendicular to the trajectory of the projectile. If 

the projectile is in the central circular path 13 shown in the figure with vertical hatching, 

it is on the desired course. In contrast, if the projectile is located outside this region 13, 

the trajectory must be corrected. 

To this end, in a first step a first laser flash 11 is triggered over a specific region 15, and 

can preferably simultaneously trigger the start of a time counting. A laser, preferably a 

second laser, then transmits the rotating laser beam 12 starting at the time t=0 with a 

fixed rotational frequency O. about the region 15 (direction of arrow) as the region 16. 

The projectile 1, which is located in the lower right region 17 in the exemplary 

embodiment, detects the second laser beam 12 after a time t=t1. This time corresponds 

to a position in space around the central circle (13) at the angle a1. After detecting its 

geostationary position in space via the magnetic field sensor 3, the projectile 1 can 

initiate the pulse drive 6 so as to be located back on the desired course at the target 

(not shown in detail), and hence strikes the target. 

In one variant, provision is made to produce a precise and measured correction for 

relatively small targets. In the simplest design, this can be achieved through the variable 

intensity of the pulse drive 6. Another possibility is that a pulse drive with fixed impulse 

output is ignited at different points in time relative to the expected impact point at the 

target. 
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Thus, based on this variant, the pulse drive 6 is only ignited shortly before the expected 

impact point at the target in the case of a relatively small deviation. In contrast, a 

relatively large deviation causes an earlier ignition for a relatively short or long 

remaining flight time. 

To this end, the laser beam 12 is additionally coded. The coding can take place by 

means of lines (Fig. 4), points (Fig. 3), or combinations of the two, etc., in the laser 

beam 12. 

Fig. 4 shows another deviation-dependent position finding. The rotating laser beam 12 

is impressed (over deviation) in an asymmetric manner (which is to say that it is 

impressed in a varying manner in the radial direction about the desired trajectory, e.g., 

converging in the direction of the outer edge, or — as shown — converging in the 

direction of the center) and is divided into bright and dark zones 19, 20 by a grid 18. If 

the projectile 1 is located outside of the central core region 13 but in the vicinity, the 

projectile 1 senses two to three dark lines, for example, with its rear sensor 2. However, 

if the projectile 1 is located in the outer region, more dark lines (for example, five) are 

sensed, which is interpreted in the processor 7 as a larger deviation. Thus, 	in 

accordance with the coding, the projectile 1 must initiate the correction sooner or even 

immediately in the case of a large deviation, whereas it can take place later in time in 

the case of a relatively small deviation. This information is stored in the processor 7, for 

example from comparisons of previous identical situations, which is to say that the 

relevant delays are correspondingly preprogrammed in the processor 7. 

The use of the method is not limited to projectiles or ammunition in the medium-caliber 

range; instead, its use is independent of caliber. 
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CLAIMS 

1. A method for trajectory correction of a projectile, which 
is terminal phase-guided, after a detection of a deviation of 
the projectile by a sensor on a weapon, the method compris-
ing: 

triggering a first laser beam over a specific region about a 
desired course of the projectile, which simultaneously 
triggers a start of a time counter; 

transmitting an additional rotating laser beam with a fixed 
rotational frequency about the specific region; 

detecting the second laser beam by the projectile; 
ascertaining the deviation of the projectile relative to the 

projectile's desired course; and 
initiating of the trajectory correction based on the ascer-

tained deviation. 
2. The method according to claim 1, wherein the rotating 

laser beam starts at a time t=0, and wherein the projectile 
detects the second laser beam after a time t=t- ,. 

3. The method according to claim 1, wherein the correction 
in the case of a large deviation is initiated earlier during a 
remaining flight time of the projectile than the correction in 
the case of a small deviation, wherein the size oft-le deviation 
is based on zones of a grid. 

4. The method according to claim 3, wherein delays for the 
initiation of the correction as a function of the ascertained 
deviation are stored in the projectile. 

5. The method according to claim 1, wherein the rotating 
laser beam is coded. 

6. The method according to claim 5, wherein the coding is 
depicted via lines, points, or combinations of the lines or 
points. 
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7. The method according to claim 1, wherein the rotating 
laser beam is impressed in an asymmetric manner varying in 
a radial direction about the desired traj ectory, and wherein the 
rotating laser i s configured to converge in one of a direction of 
an outer edge and a direction of a center. 

8. The method according to claim 1, further comprising 
detecting both a rotational speed of the projectile and a direc-
tion of a magnetic field relative to the projectile. 

9. The method according to claim 1, further comprising 
preprogramming or storing delays via which the correction is 
initiated as a function of a magnitude of the ascertained devia-
tion. 

10.A terminal phase-guided projectile, the projectile corn-
prising: 

a rear sensor; 
an explosive; 
a discharge element configured as a correction thruster; 

and 
a processor configured to ascertain a deviation of the pro- 

jectile from a desired course, 
wherein the rear sensor is adapted to receive laser beams. 
11. The projectile according to claim 10, wherein an addi-

tional magnetic field sensor detects both a rotational speed of 
the projectile and a direction of the magietic field relative to 
the projectile. 

12. The projectile according to claim 10, wherein delays 
are preprogrammed or stored in the processor via which the 
correction is initiated as a function of a magnitude of the 
ascertained deviation. 


