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AUTOMOTIVE RADAR SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] I. Field of the Invention 
[0002] The present invention relates generally to automo 
tive radar systems and, more particularly, to such a system 
Which identi?es animate objects Within a range of interest. 
[0003] II. Description of Material Art 
[0004] There are previously knoWn automotive radar sys 
tems and such automotive radar systems are expected to 
become more prevalent in the future. These automotive radar 
systems typically comprise a high frequency radar transmitter 
Which transmits a radar signal in a knoWn direction. The 
transmitter may transmit the radar signal in either a continu 
ous or pulse mode. 
[0005] These systems also include a receiver connected to 
the appropriate antenna system Which receives echoes or 
re?ections from the transmitted radar signal. Each such 
re?ection or echo represents an object struck by the transmit 
ted radar signal. 
[0006] To date, the use of automotive radar has been gen 
erally limited to collision avoidance systems. For example, in 
some radar systems, the system detects the distance betWeen 
the vehicle immediately forWard of the vehicle having radar. 
Whenever the distance betWeen the tWo vehicles falls less 
than a predetermined amount, Which may vary as a function 
of speed, the radar system either generates an alert to the 
driver or automatically sloWs the vehicle doWn to increase the 
spacing betWeen the vehicle and the next forWard vehicle. 
[0007] Still other automotive radar systems detect the dis 
tance of objects Within the direction of travel of the automo 
tive vehicle and take necessary steps to avoid collision With 
those objects. 
[0008] There are situations, hoWever, Where an object is 
outside the direction of travel of the vehicle but may move 
into the direction of travel of the vehicle and cause a collision. 
For example, animals, such as deer, as Well as people may 
move suddenly into the path of travel of the vehicle and cause 
a collision. These previously knoWn radar systems have been 
unable to discriminate betWeen animate objects Which may 
move into the path of travel of the vehicle and inanimate 
objects. 

SUMMARY OF THE PRESENT INVENTION 

[0009] The present invention provides an automotive radar 
system Which overcomes the previously knoWn disadvan 
tages of the prior systems. 
[0010] In brief, the automotive radar system of the present 
invention comprises a high frequency radio transmitter Which 
generates a radio signal in a knoWn direction relative to the 
vehicle. The radio transmitter may generate the radar signal in 
either a pulse mode or continuous mode. 
[0011] The radar system further includes a radar receiver 
having tWo or more antennas that receive re?ections or echoes 
of the radar signal resulting from impingement With an object. 
The position and distance for each such identi?ed object is 
then provided as input data to a processor. 
[0012] The processor, by analyZing the received data for 
each object over a period of time, then discriminates betWeen 
animate objects and inanimate objects. The identi?cation of 
animate objects may be achieved in several different Ways. 
[0013] First, all animate objects of interest, such as people 
and other mammals, continually exhibit certain movements. 
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For example, such animate objects have a continuous heart 
beat, respiration and the like, all of Which results in amplitude 
modulation of the re?ected signal back to the automotive 
vehicle. Consequently, identi?cation of amplitude modula 
tion in the re?ected signal over a period of time is indicative 
that the object is animate. 
[0014] Similarly, the re?ected radar signal may be com 
pared to a matched set ?lter contained as data in the processor 
for the radar system. The ?lters may contain both animate as 
Well as inanimate objects so that, once a match has been 
made, the identi?cation of the object as an animate or inani 
mate object may be rapidly determined. 
[0015] Once the animate objects have been identi?ed, the 
processor provides an alert signal to the operator of the 
vehicle. In one embodiment of the invention, the vehicle 
includes a video display screen and the alert signal comprises 
displaying video objects on the screen Which correspond to 
the animate objects identi?ed by the radar system. Other alert 
signals, such as an audible signal, may also be employed. 

BRIEF DESCRIPTION OF THE DRAWING 

[0016] A better understanding of the present invention Will 
be had upon reference to the folloWing detailed description 
When read in conjunction With the accompanying draWing, 
Wherein like reference characters refer to like parts through 
out the several vieWs, and in Which: 
[0017] FIG. 1 is a block diagrammatic vieW of a preferred 
embodiment of the present invention; 
[0018] FIG. 2 is an elevational diagrammatic vieW illustrat 
ing the operation of the present invention; 
[0019] FIG. 3 is a graph illustrating the receipt of exem 
plary radar echoes corresponding to objects Within the range 
of interest; 
[0020] FIG. 4 is a vieW similar to FIG. 3 but illustrating the 
received signal over an extended time period; and 
[0021] FIG. 5 is a ?oWchart illustrating the operation of a 
preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE PRESENT INVENTION 

[0022] With reference ?rst to FIG. 1, a block diagrammatic 
vieW of a preferred embodiment of the radar system 10 
according to the present invention is shoWn. The radar system 
10 includes a high frequency radio transmitter 12 Which gen 
erates a radar signal through a radar antenna 14 in a knoWn 
direction, typically forWardly, relative to a vehicle 26 (FIG. 
2). At present, governmental regulations alloW automotive 
radar in the range of 76-81 GHZ, although other frequency 
ranges may become available or mandated for use in automo 
tive systems in the future. 
[0023] The radar system 10 further includes a radar receiver 
16 having at least tWo antennas 18 that are physically spaced 
apart on the automotive vehicle 26. Such spaced apart anten 
nas 18 alloW the radar system to identify the position of any 
received signals by the antenna 18 through triangulation, 
phase shifting processing or other means. 
[0024] The radar receiver 16 provides an output to a pro 
cessor 20 indicative of the echo(es) or radar signal re?ection 
received by the receiver 16. The information provided to the 
processor 20 enables the processor to determine both the 
position and distance betWeen any objects detected by the 
radar receiver 16. 



US 2009/0135050 A1 

[0025] The processor 20, Which is preferably microproces 
sor based, analyzes the data received from the radar receiver 
16 to identify and discriminate between animate objects and 
inanimate objects that are Within a range of interest. The 
algorithm utiliZed by the processor 20 to identify animate 
objects Will be subsequently described in greater detail. 
[0026] After the processor 20 identi?es animate objects 
Within a range of interest, the processor 20, through an alert 
control circuit 22, generates an alert 24 to the operator of the 
vehicle 26. This alert 24 may comprise, for example, a video 
display of the animate objects on a video display screen 
accessible to the operator of the vehicle or other audible or 
visual alerts. The alert 24 may also include automatic control 
of the vehicle 26, e. g. automatic braking of the vehicle 26. 
[0027] With reference noW to FIG. 2, the automotive radar 
system 10 is there shoWn installed in the vehicle 26 Which is 
either stationary or traveling in the direction of arroW 28. It is 
only desirable to identify animate objects, such as a person 30 
or a deer 32, Which may move into the path of travel of the 
vehicle 26. Consequently, it is only necessary to examine the 
objects, both animate and inanimate, that are Within a certain 
range of interest 34. The range of interest 34 may, for 
example, include both an angular range 0t as Well as a distance 
range d, either of Which may vary as a function of the speed of 
the vehicle 26. 
[0028] With reference noW to FIGS. 2 and 3, the radar 
transmitter generates the high frequency radio signal through 
the antenna 14 as illustrated at 36 (FIG. 2) in the Well knoWn 
manner. Furthermore, the transmission of the high frequency 
radio signal through the antenna 14 may be either in pulse 
mode or continuous mode. 

[0029] Whenever the radar signal 36 impinges upon an 
object Within the range of interest 34, that object re?ects the 
radar signal 36 back to the receiving antennas 18 on the motor 
vehicle 26. This re?ected signal or echo from both the inani 
mate objects 33 and 35, as Well as the animate objects 30 and 
32, enables each ofthe objects 30, 32,33 and 35 to not only be 
located but also, ultimately, to be identi?ed as either an ani 
mate or an inanimate object. 

[0030] First, the time lapse betWeen the transmission of the 
radar signal by the antenna 14 and the receipt of the echo from 
each object determines the distance betWeen the object and 
the vehicle 26. The phase shift betWeen the receiving anten 
nas 18 of each echo enables the angular position of the object 
relative to the vehicle 26 to be determined. Since both the 
angularposition as Well as the distance is determinable Within 
the range of interest 34, the position of each object 30, 32, 33 
and 35 may be calculated by the processor 20. 
[0031] The amplitude of the echo Will vary depending upon 
the type of object Within the area of interest 34. An exemplary 
received radio signal for the scenario illustrated in FIG. 2 is 
shoWn in FIG. 3 With the amplitude of the echo charted as a 
function of time tlong. 
[0032] With reference then to FIGS. 2 and 3, a ?rst echo 
indicated at elapsed time t], i.e. the elapsed time betWeen the 
transmission of the radar signal and the receipt of the echo, 
corresponds to the nearest object or the person 30 as shoWn in 
FIG. 2. Similarly, a second echo 52 corresponds to the next 
further object or the deer 32 While a third echo 54 corresponds 
to the stop sign 33. An echo 56 corresponds to the vehicle 35 
immediately in front of the vehicle 26. Furthermore, as shoWn 
in FIG. 3, the amplitude of the radar echo from the automotive 
vehicle 35 is much greater than the amplitude of the echoes 
from either the person 30, deer 32 or stop sign 33 since the 
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automotive vehicle 35 is not only largely metallic in construc 
tion, but also much larger than the other objects. 
[0033] With reference noW to FIG. 4, a graph of the 
received echoes by the antenna is shoWn over an extended 
period of time tlong. For simplicity, FIG. 4 also depicts the 
received radar echoes With the vehicle 26 stationary; other 
Wise the echoes 50, 52, 54 and 56 Would shift along the 
elapsed time axis as the distance betWeen the objects 30, 32, 
33 and 35 changes. Consequently, the echo or re?ection sig 
nal 50 from the person 30 Will include different amplitude 
modulations 60 at spaced time intervals. This amplitude 
modulation may result from respiration of the person, the 
person’s heartbeat, and/or the like. 
[0034] Similarly, the echo signal 52 from the deer 32 Would 
also contain amplitude modulations 62 at spaced time inter 
vals. These amplitude modulations 62, hoWever, presumably 
Would be different than the amplitude modulation exhibited 
by the person 30. 
[0035] Conversely, the received radar echo 54 from the stop 
sign 33, as Well as the received echo 56 from the vehicle 35 in 
front of the vehicle 26, Would not exhibit this type of ampli 
tude modulation since both are inanimate objects. Further 
more, the echo signal 56 from the vehicle 35 is greater than a 
thresholdAmpthmh (FIG. 3) Which represents an echo signal 
larger than any expected animate object. 
[0036] With reference noW to FIGS. 1 and 5, the operation 
of the radar system of the present invention is there illustrated 
in greater detail.At step 100 the radar transmitter 12 generates 
a microWave radar signal, preferably in the range of 76-81 
GHZ, through the antenna 14 and in a knoWn direction relative 
to the vehicle. In this example, that knoWn direction corre 
sponds to the area of interest 34 forWardly of the vehicle 26 
and in the angular range 0t as shoWn in FIG. 2. Step 100 then 
proceeds to step 102. 
[0037] At step 102, the radar receiver 16 receives the ech 
oes from objects Within the area of interest 34 through its 
antennas 18. Each received echo Will vary both in amplitude, 
depending upon the object producing the echo, as Well as the 
elapsed time betWeen the transmission of the radar signal at 
step 100 and the receipt of its echo. Objects that are closer to 
the vehicle 26 Will exhibit a shorter elapsed time betWeen the 
transmission of the radar signal and the reception of its echo 
While, conversely, objects further from the vehicle 26 Will 
exhibit a longer elapsed time betWeen the transmission of the 
radar signal and the reception of its echo. Step 102 then 
proceeds to step 104. 
[0038] In order to simplify processing, step 104 eliminates 
the received radar echoes having an amplitude in excess of 
Ampthmh. Such re?ections or echoes With large amplitudes 
Would correspond to other automotive vehicles and thus 
inanimate objects. Step 104 then proceeds to step 106. 
[0039] After elimination of the large objects corresponding 
to automotive vehicles, step 106 determines if there are any 
other objects that are identi?ed Within the range of interest. 
Consequently, for the example illustrated, the echo 56 corre 
sponding to the vehicle 35 is eliminated from further process 
ing at step 104 so that step 106 determines that there are three 
separate remaining objects, each corresponding to echoes 50, 
52 and 54, and step 106 proceeds to step 108. HoWever, if no 
objects are found Within the range of interest at step 106, step 
106 branches back to step 100 Where the above process is 
repeated. 
[0040] At step 108, the processor 20 determines Whether 
the objects 30, 32 and 33 Which respectively produce the 
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return echoes 50, 52 and 54 are animate or inanimate. The 
identi?cation of animate objects Within the range of interest 
34 may be accomplished in different Ways. 
[0041] For example, a plurality of echoes may be received 
over a relatively long period of time tlong as illustrated in FIG. 
4. Each echo 50, 52 or 54 is examined to determine if it 
exhibits amplitude modulation over that relatively long 
period of time. Such amplitude modulation can result from a 
heartbeat, respiration, actual movement of the inanimate 
object, and the like. In any event, once such amplitude modu 
lation is identi?ed, the processor 20 identi?es the object as an 
animate object. 
[0042] Alternatively, the received echoes from the radar 
transmission may be compared to match set ?lters that are 
previously determined and stored in memory accessible to the 
processor 20. Such ?lters may correspond to objects com 
monly found along highWays, such as stop signs, speed limit 
signs, and the like. When the appropriate ?lter is applied to the 
received echo 50, 52 and 54, the object is accordingly iden 
ti?ed as either animate or inanimate as the case may be. 
[0043] If the object is identi?ed as inanimate at step 108, 
step 108 branches to step 110 Where the algorithm determines 
Whether or not all objects Within the range of interest 34 have 
been processed. If not, step 110 branches back to step 108 
Where the above process is repeated. 
[0044] Conversely, in the event that the object is identi?ed 
as an animate object Which could potentially move into the 
path of travel of the vehicle 26, step 108 instead branches to 
step 112 Where the processor 20 generates an alert signal 24 
via the alert control circuit 22. This alert signal 24 may com 
prise, for example, the display of a symbol on a video display 
screen, or other alert signals. 
[0045] Alternatively, the alert signal 24 can change the 
operation of the vehicle itself. For example, in the event of a 
possible collision With an animate object, the alert signal 24 
may automatically apply the vehicle brakes to sloW the 
vehicle or even steer the vehicle around the animate object. 
[0046] From the foregoing, it can be seen that the present 
invention provides an automotive radar system Which identi 
?es animate objects Within a range of interest and Which may 
potentially enter into the path of travel of the vehicle. Having 
described my invention, hoWever, many modi?cations thereto 
Will become apparent to those skilled in the art to Which it 
pertains Without deviation from the spirit of the invention as 
de?ned by the scope of the appended claims. 
I claim: 

1. An automotive radar system comprising: 
a high frequency radio transmitter Which generates a radar 

signal in a knoWn direction, 
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a high frequency radio receiver Which receives echoes from 
said radar signal, each said echo representing a re?ection 
of the radar signal from an object, 

a processor Which identi?es animate objects from said 
echoes Within a range of interest, and 

said processor generating an alert signal for each identi?ed 
animate object. 

2. The invention as de?ned in claim 1 Wherein said radar 
system further comprises a video display screen and Wherein 
said alert signal comprises a ?gure display on said display 
screen. 

3. The invention as de?ned in claim 1 Wherein said radio 
transmitter generates said radar signal in the range of 76 GHZ 
to 81 GHZ. 

4. The invention as de?ned in claim 1 Wherein said proces 
sor identi?es each animate object by comparing each object 
With a matched set ?lter. 

5. The invention as de?ned in claim 1 Wherein said proces 
sor identi?es each animate object by detecting amplitude 
modulation of the received echoes over a period of time. 

6. The invention as de?ned in claim 1 Wherein said proces 
sor identi?es each animate object by Fourier analysis. 

7. A method for utiliZing an automotive radar system com 
prising the steps of: 

transmitting a high frequency radar signal in a knoWn 
direction, 

receiving echoes from said radar signal, each echo repre 
senting a re?ection of the radar signal from an object, 

identifying animate objects Within a range of interest as a 
function of said echoes, 

generating an alert signal for each identi?ed animate 
object. 

8. The invention as de?ned in claim 7 Wherein said gener 
ating step comprises the step of displaying a symbol on a 
video screen. 

9. The invention as de?ned in claim 7 Wherein said identi 
fying step comprises the step of detecting amplitude modu 
lation of the received echoes from the animate object over a 
period of time. 

10. The invention as de?ned in claim 7 Wherein said iden 
tifying step comprises the step of comparing the received 
echoes from each object With a matched set ?lter. 

11. The invention as de?ned in claim 7 Wherein said iden 
tifying step comprises the step of disregarding received ech 
oes greater than a predetermined threshold. 

12. The invention as de?ned in claim 7 Wherein said iden 
tifying step comprises the step of disregarding received ech 
oes less than a predetermined threshold. 

* * * * * 


