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METHOD FOR THE INDEPENDENT DETECTION 
OF HELICOPTERS 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

0001. This application claims the priority of German 
patent document 100 01. 282.5, filed Jan. 14, 2000, the 
disclosure of which is expressly incorporated by reference 
herein. 

0002 The invention relates to a method for the detection 
of low-flying helicopters from a fast-moving flying plat 
form, Such as a targeting and target-tracking missile. 
0003 German Patent Document DE 19505 791 discloses 
Such an arrangement based on a missile System. During a 
Search phase, it Searches a given Search area for the presence 
of a target; and, if a target is found, tracks it. 
0004 Actual target detection can take place by an analy 
sis of the characteristic radiation of the helicopter, modu 
lated by the rotor blades. This method of detecting helicop 
ters or generally of detecting modulated radiation Sources is 
taught, for example, by German Patent Documents DE 3733 
681 and DE 28 47 233. However, it has the following 
disadvantages: 

0005. By this method alone, no search operation (and 
therefore no detection) can be implemented from a moving 
platform, because a potential target object must always be 
observed for a certain time in order to determine the modu 
lation frequency. A given area cannot be searched in this 

C. 

0006 The above-mentioned observation time is a func 
tion of the Sensor, the rotary frequency of the helicopter rotor 
and the Scanning frequency of the Sensor. Typical observa 
tion times are in the range of from 0.2 to 0.5 sec. During this 
time, the missile may already have flown So far that the 
target can no longer be reached by aerodynamic maneuvers. 
0007. During the entire observation time, the seeker head 
must be Stabilized precisely onto the potential target. How 
ever, in practice, Such Stabilization cannot be achieved 
exactly. A large number of faulty detections can therefore be 
expected because of highly structured image backgrounds 
and an incompletely Stabilized Seeker head. 
0008 Another method of detecting helicopters is taught 
in German Patent Document DE 4423 758 and European 
Patent Document EP 0 690 412. In this system, an image 
Sensor has two image elements that correspond to the image 
of the Visual field at two Successive points in time Separated 
by a brief time interval. These image patterns are Supplied to 
a difference forming device. At points of the background, the 
brightness values of the two image patterns are similar and 
cancel one another when the difference is formed. However, 
the rotor blades of a helicopter have continued to rotate 
during the corresponding time interval and are maintained 
during the formation of the difference. In the Suggested 
embodiment, this method has the following disadvantages: 

0009 it requires two image sensors which must be 
precisely positioned with respect to one another, at a 
high expense. For economic reasons, an embodiment 
having only one image Sensor is therefore preferable. 

0.010 Further analysis of the differential image is not 
described in the above-mentioned documents. In particular, 
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the documents do not show how the position determining of 
the helicopter takes place within the image field itself and 
how the disturbance Suppression takes place during an 
unintentional movement of the camera. 

0011. The basic idea of the picture-element-type differ 
ence formation between two Successive images is also 
described by Celenk and Resa (in: “Moving ObjectTracking 
in Industrial Work Stations', Advances in Instrumentation, 
Proceedings of the ISA 88 Intl. Conference and Exhibit, 
Volume 43, Part 1, 1988, Pages 289-304) for tracking 
moving objects. In this case, the object tracking by using a 
Stationary camera is in the foreground. In that case, the 
differential image of two directly Successive images is used 
for the object detection (but not for the object classification 
and recognition of certain object categories) and absolutely 
requires a Stationary camera in the described embodiment. 
0012 One object of the invention to provide a method for 
detecting and identifying helicopters from a fast-flying plat 
form during a time period which is as brief as possible. 
0013 This and other objects and advantages are achieved 
by the detection method according to the invention, which 
uses imaging Sensors (so-called focal plane arrays) that have 
a high Site resolution and Sensitivity in the infrared wave 
length range. A typical Site resolution of a focal plane array 
is at 256x256 picture elements. On this basis, the detection 
and identification of a helicopter can advantageously be 
implemented by means of an image processing method in 
which the high resolution of the image Sensor is utilized. 
0014. The special characteristic of a helicopter, which 
cannot be camouflaged, is its fast-rotating main rotor. The 
rotor blades heat up due to air friction, and can therefore be 
detected by an imaging Sensor which is Sensitive in the range 
of thermal heat radiation. In addition, a helicopter is char 
acterized by the high radiation intensity of the power units. 
In the infrared range, a helicopter is therefore clearly dis 
tinguished by the fast-rotating main rotor and the hot power 
unit. It is known to identify movements within an image 
Sequence by calculating the picture-element-type difference 
between two Successive images. The unmoved image por 
tions will then be characterized within the difference image 
by the Zero value; moved image regions can be identified by 
positive and negative values not equal to Zero. 
0015. An advantageous approach for detecting a helicop 
ter is to recognize it by its main rotor. However, this 
detection task becomes difficult because, for the described 
usage, helicopters are typically situated in proximity to the 
ground, and behind covers. Thus, a highly structured image 
background must be assumed, which complicates the analy 
sis of the images, So that a direct analysis of the images 
cannot be implemented with a Satisfactory result. 

0016. These problems are solved according to the inven 
tion in which two images are analyzed by Subtracting them 
from one another with respect to the picture elements. Since 
the image background does not move between two Succes 
Sive images, but the main rotor of the helicopter does, the 
latter can be detected quite easily as Segments in the differ 
ential image. For this purpose, the differential image com 
puted with respect to picture elements is trinarized (that is, 
each picture element is classified into one of three levels) 
using a bipolar threshold value for the positive and negative 
image fractions. Image Segments thus created are Selected 



US 2001/0030280 A1 

according to defined validity criteria (advantageously, the 
minimal Segment Surface, the maximal Segment Surface and 
the minimal eccentricity of a segment). Each Segment which 
Satisfies these criteria is then represented by an adapted 
Straight line having the same angular position as the Segment 
itself. By computing the position of interSection points 
between all Such segments, the rotor rotation center can then 
be determined. If all paired points of interSection are closely 
adjacent, it can be assumed that the detected object is a 
helicopter. 
0.017. Other objects, advantages and novel features of the 
present invention will become apparent from the following 
detailed description of the invention when considered in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.018 FIG. 1 is a schematic representation of the heli 
copter to be detected, and the Scanning of a Search area 
during the Searching operation; 
0.019 FIG. 2 is a block diagram which illustrates an 
embodiment of the method of detecting and identifying 
helicopters according to the invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1 shows a helicopter 101 during a search 
operation. The rotor blades 102 heat up as a result of air 
friction, and therefore become visible by an imaging infrared 
sensor, together with the hot power unit emissions 103, 
which are also visible in the infrared image. During the 
Search operation, the relevant Search area is Scanned by an 
imaging infrared Sensor, with an overlap of at least half a 
visual field between two directly successive visual fields 104 
and 105 projected onto the ground. As a result, it is ensured 
that each point of the Search area is visible in at least two 
directly Successive images and the differential image proceSS 
can be used. 

0021 FIG. 2 is a block diagram which shows the details 
of the detection and identification process. The two directly 
successive images 104 and 105 (from FIG. 1) are supplied 
separately to threshold value discriminators 201, whose 
threshold is adjusted Such that the hot power unit emissions 
103 of the helicopter are above it and are therefore recog 
nized. Now, region extractors 202 extract from the entire 
images 104 and 105 Small image regions 203 and 204 which 
are each centered around the image positions Supplied by the 
threshold value discriminator. 

0022. In order to compute the differential image, the 
position of one image region 203 generated by the region 
extractor must be corrected by the position corrector 205 
relative to the position of the second image region 204. The 
difference forming device 207 computes the picture-ele 
ment-type difference 208 between the actual image region 
204 and the position-corrected image region 206 of the first 
image 104. 
0023. By means of a bipolar threshold value discrimina 
tor 209, a bipolar trinary image 210 is produced from the 
differential image 208. This trinary image 210 is then 
examined by a Segment validity evaluator 211 to identify 
image Segments which correspond to blades of the main 
rotor 102 of a helicopter. Those segments 212 which satisfy 
the Selection criteria are then described by a Straight-line 
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generator 213 which represents them as adapted Straight 
lines. The output information of the Straight-line generator 
214 is Supplied to a point-of-interSection calculator 215, 
which computes the position of all paired points of inter 
Section between the Straight lies thus generated. This posi 
tion information in turn is Stored, and transmitted to a 
decision element 217. A decision 218 is made as to whether 
a helicopter or a false target is present, as a function of 
whether a clear bunching of points of interSection developS. 
0024. The foregoing disclosure has been set forth merely 
to illustrate the invention and is not intended to be limiting. 
Since modifications of the disclosed embodiments incorpo 
rating the Spirit and Substance of the invention may occur to 
perSons skilled in the art, the invention should be construed 
to include everything within the Scope of the appended 
claims and equivalents thereof. 

What is claimed is: 
1. A method for the detecting helicopters from a flying 

platform by means of an imaging Sensor, Said method 
comprising: 

Said imaging Sensor acquiring Successive images of a 
Search area; 

Subtracting relevant image regions of Said Successive 
images from one another on a picture element basis to 
form a differential image; 

within the differential image, identifying Segments which 
Satisfy a threshold Value proceSS, 

adapting Straight lines with orientation coincident to iden 
tified Segments, and 

determining interSection points of the Straight lines of all 
Segments. 

2. The method according to claim 1, wherein Visual fields 
of Said Successive images overlap by at least half of a visual 
field. 

3. The method according to claim 1, wherein a threshold 
value process for determining position of the bright image 
regions is used to identify Segments within each image. 

4. The method according to claim 1, wherein a position of 
bright image regions of two directly Successive images are 
locally assigned to one another. 

5. The method according to claim 1, wherein locally 
mutually assigned image regions are Subtracted from one 
another with respect to the picture elements. 

6. The method according to claim 5, further comprising 
correcting a position of one of Said Successive images to 
place in registry with the other before the implementation of 
the picture-element-type Subtraction. 

7. The method according to claim 5, further comprising: 
trinarizing Said differential image using an image-depen 

dent adaptive threshold value; and 
describing resulting bipolar Segments by adapted Straight 

lines. 
8. The method according to claim 5, further comprising: 
computing paired points of interSection of all Straight 

lines, and 
evaluating Said points of interSection to identify local 

bunching. 
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9. A System for detecting a helicopter, comprising: 
an image Sensor, 
a data processor having a memory encoded with a pro 
gram for causing Said data processor to perform the 
following Steps, 

causing Said imaging Sensor to acquire Successive images 
of a Search area; 

Subtracting relevant image regions of Said Successive 
images from one another on a picture element basis to 
form a differential image; 

within the differential image, identifying Segments which 
Satisfy a threshold value process, 

adapting Straight lines coincident orientation to identified 
Segments, and 

determining interSection points of the Straight lines of all 
Segments. 
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10. For use in a System for detecting a helicopter by means 
of an imaging Sensor, a computer readable medium encoded 
with a program for causing a computer to perform the 
following Steps: 

causing Said imaging Sensor to acquire Successive images 
of a Search area; 

Subtracting relevant image regions of Said Successive 
images from one another on a picture element basis to 
form a differential image; 

within the differential image, identifying Segments which 
Satisfy a threshold value process, 

adapting Straight lines coincident orientation to identified 
Segments, and 

determining interSection points of the Straight lines of all 
Segments. 


