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METHOD AND DEVICE FOR sampling values , this corresponds to an effective sampling 
DETERMINING DISTANCE AND RADIAL period of 65 ms / 256x512 = 496 ns , i . e . a sampling frequency 
VELOCITY OF AN OBJECT BY MEANS OF of 2 . 01 MHz . 

RADAR SIGNAL With said sampling frequency of 2 . 01 MHz , a first evalu 
5 ation is carried out in the form of a first FFT . A second FFT 

The invention relates to a method for determining the is carried out from ramp to ramp , i . e . with an effective 
distance and radial velocity of an object in relation to a sampling period of 65 ms / 256 = 254 us , corresponding to a 
measurement location , with which radar signals are trans - sampling frequency of 3 . 94 kHz . 
mitted from the measurement location and received again With the sampling frequency of 2 . 01 MHz for the first 
after reflection at the object , wherein the transmitted radar 10 FFT there is a frequency peak for the reflected signals per 
signals are subdivided within a measurement cycle into ramp that arises predominantly from the frequency compo 
numerous segments , in which they are changed in their nent due to the distance . For normal velocities , such as occur 
frequency from an initial value to a final value and the in road traffic , The Doppler frequency component is negli 
received reflected signals are each subjected over a segment gibly small , so that a signal is already available for the 
to a first evaluation for detecting frequency peaks and 15 distance for each ramp during the first FFT . Said correspond 
additionally a subsequent second evaluation of the signals ing signals of all ( e . g . 256 ) ramps of a sampling period can 
for the frequency peaks of all segments of the measurement be combined with each other , so that a very high signal - to 
cycle is carried out to determine a Doppler frequency noise ratio results for the distance determination . This 
component as a measure of the radial velocity . enables objects of the size of a man or of a large animal to 

The invention further relates to a device for determining 20 be reliably detected at a distance of more than 7 km , e . g . in 
the distance and radial velocity of an object in relation to a stationary monitoring radars . Whereas the first FFT ( range 
measurement location , with a radar transmitter , a receiver FFT ) is carried out per ramp , so that for 256 ramps there are 
disposed at the measurement location for radar signals of the also 256 frequency spectra of the first FFT , the second FFT 
radar transmitter reflected from the object , wherein the radar ( Doppler FFT ) is preferably carried out for each distance 
signals are subdivided within a measurement cycle into 25 value ( “ ' range gate ” ) . It is , however , also possible to carry 
numerous segments , in which they are changed in their out the second FFT only for selected distance values . For 
frequency from an initial value to a final value , with a first example , such range gates can be selected for which a 
evaluation device connected to the receiver for detecting reflection has been detected . The result of the two FFTs can 
frequency peaks within each of the segments of the received be represented in a range Doppler matrix ( RDM ) , as shown 
signals , and with a second evaluation device connected to 30 in FIG . 1 . In a situation with numerous reflectors , these are 
the first evaluation device for the evaluation of a phase thus distributed in the range Doppler matrix ( RDM ) in two 
difference of the determined frequency peaks for determin dimensions , so that the probability of mutual masking is 
ing a Doppler frequency component as a measure of the considerably reduced . The sampling frequency of 3 . 94 kHz 
radial velocity . for the second FFT corresponds to a unique velocity mea 

It is known to determine both the distance and also the 35 surement range of 24 . 5 m / s , corresponding to 88 . 2 km / h . 
radial velocity of an object relative to a measurement Said uniqueness range is not adequate for many applica 
location by means of suitably modulated radar signals with tions . In the exemplary embodiment illustrated in FIG . 1 of 
a measurement . the signal modulation known in the prior art , the frequency 

A suitable known type of modulation of the radar signals shift per ramp is 100 MHz . It can be seen in FIG . 1 that the 
is described in EP 1 325 350 B1 . With this two nested ramps 40 signal ( receive signal ) received after the reflection is time 
A and B are modulated during a measurement cycle of e . g . shifted relative to the transmitted signal ( transmit signal ) by 
65 ms length ( Tching ) . 512 sample values of the reflected the transition time of the signal . Two L ramps are shown in 
signal are recorded per ramp and evaluated separately for FIG . 1 ( e . g . 2 L = 256 ) . For each ramp there is a range FFT 
each ramp . The evaluation is carried out by means of FFT with identification of a range frequency ( fBeat ) The signals 
( Fast Fourier Transformation ) with a total of 2x512 sam - 45 found for the detected frequency fBeat are fed to the second 
pling points . Accordingly , the sampling period is 65 ms / 2x Doppler FFT , from which the range Doppler matrix results . 
512 = 63 . 48 us . The sampling frequency is thus 15 . 75 kHz , The mathematical description of said method uses the fact 
wherein the effective sampling frequency per ramp is half that the measured frequency fBeat arises from a frequency 
this value , i . e . 7 . 88 kHz . The Doppler frequency range of component f , due to the target distance R and a component 
7 . 88 kHz corresponds to a unique velocity measurement 50 fp resulting from the Doppler effect : 
range of 49 m / s for a carrier frequency of 24 . 125 GHz . The 
unique velocity measurement range corresponds to 176 . 4 
km / h , and is thus suitable for use in road traffic in general , ( 1 ) 
because the measurement location , i . e . the radar transmitter 
and radar receiver , is normally disposed in the vehicle and 55 
radial velocities between traveling vehicles of > 175 km / h — 
at least in urban traffic do not occur in practice . Said Here fsw refers to the bandwidth and Tchirp to the time 
method has disadvantages , however , if there are many duration of a single frequency ramp ; c is the speed of light , 
reflectors , which are all represented as peaks in a frequency fo is the lower carrier frequency of the transmission signal 
spectrum . Said spectrum can therefore be densely occupied . 60 an so and v , is the radial velocity . 
A plurality of reflectors can “ mask ” each other so that in The received signal is mixed with the transmission signal 

in the baseband . Said mixed received signal is given by unfavorable cases relevant objects cannot be continuously ) 
detected . 

It is further known to modulate the transmission signal 
with short , rapid and identical ramps . During a cycle time of 65 s ( t ) = e ( j21 ( if Beapp + 80 28 ) 
65 ms , e . g . 256 ramps can be modulated , each having a 
length Tchirp of 254 us . If each ramp is sampled with 512 

( 1 ) fbea = fx – fp = forte - R + foživy 
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k = 0 

If a coherent sequence of a total of 2L ramp signals ( i . e . In a corresponding manner , the device of the type men 
a measurement cycle , corresponding here to 2L = 256 ramps ) tioned above according to the invention is characterized in 
is considered , wherein 1 represents the running index of the that segments of at least two groups are used for the 
ramps , the two dimensional ) time - continuous signal evaluation in the evaluation devices , having a different 
described in the above equation is specified as follows . The 5 initial value and / or final value of the varying frequency , that 
parameter fD , md describes the Doppler frequency , which can the second evaluation device comprises at least two evalu 
be measured quite ambiguously . ation stages for the separate evaluation of the signals of the 

at least two groups and that at least one phase difference 
detector , whose output signals can be used for uniquely 

s ( t , 1 ) = e ( ; 20 ( eBear ? – fD , md " chirpl + f6 2 . 2 ) ( 3 ) " " determining radial velocities , is connected to the at least two 
evaluation stages . 

The method according to the invention thus uses the 
The ( two dimensional ) time - continuous signal obtained segments of a radar signal in the form of frequency ramps , 

with the sampling frequency fsa is then ( k is the running wherein at least two , preferably exactly two , groups of 
index of the time discrete signal within a ramp , from zero to segments are formed that are nested within each other , so 
K - 1 ; K corresponds to the number of sample values in a that a ramp of one group adjoins the corresponding ramp of 
ramp , in this case equal to 512 ) : the other group . The ramps of the two or more groups differ 

from each other in respect of their initial values and / or final 
20 values of the varying frequencies , so that ramps are used that 

s ( k , 1 ) = e ( 121 ( SBeat F & a - fD , md " chirpl + 90 2 . 2 are offset in the frequency direction in the frequency - time 
representation in each case and that are otherwise preferably 
of the same form , i . e . having an identical frequency shift and This signal is transformed with a FFT per ramp ( range an identical gradient . The frequency shifts should be very FFT over K sampling values of each ramp ) and a new two 25 small here and e . g . less than 10 % , preferably about 10 - 4 or dimensional signal results ( m is the running index of the less , times the modulation shift of the frequency ramp . spectral line of the range FFT from zero to K - 1 ) : Surprisingly , with said form of the modulation of the trans 
mission signals , simultaneous and unique indications of the 
distance measurement and the Doppler frequency measure 

30 ment arise if the phase difference for the frequency peaks of 52 ( 121 ( [ Beat Fia - fD , md ( ' chirpt + 90 22 ) . e - j2kim s ( m , 1 ) = ! the range Doppler matrix is determined , which is explained 
in more detail using an exemplary embodiment . 

For the generation of the different frequency ramps of the 
Each second FFT ( Doppler FFT ) , which is calculated for two ( or more ) groups , the frequency ramps can be generated 

each k with an FFT length of 2L and for each n spectral line 35 equally with a suitable generator for both groups and physi 
of the Doppler FFT , provides the following spectrum : cally transmitted , wherein , however , for both groups some 

what shifted segments of the frequency ramps are used for 
the evaluation . For a real modulated frequency shift fyw , the 

e [ : 21 ( { Beat Fea - D?md " chirpl + 40 22 ) . e - j27 * " - 12 frequency shift used is then fsw - ( fr - fa ) , wherein f is the s ( m , n ) = 40 initial frequency value for the first group A of segments and 
fg is the initial frequency value for the second group B of 
segments . 

Said signal S ( m , n ) is formed as a range Doppler matrix In a similar manner , initial or final segments of the 
( RDM ) and contains the above - mentioned ambiguities in the received signals of the two groups can be “ truncated ” by 
Doppler frequency measurement , for which there is at first 45 discarding corresponding sampling values at the start or at 
no solution for said transmission signal . For the application the end of the sampling , i . e . leaving the same unevaluated . 
of said method in practice , greater complexity must there - Graphical representations of exemplary embodiments are 
fore normally be applied in order to eliminate the ambigui - used in order to explain the invention . In the figures : 
ties in the Doppler frequency measurement . For this reason FIG . 1 shows a curve profile and schematic evaluation 
the method becoming known as a 2D FFT method ( two - 50 signals for forming a range Doppler matrix by two dimen 
dimensional FFT method ) has practical disadvantages . sional FFT according to the prior art ; 

The object of the present invention is on the one hand to FIG . 2 shows a curve profile according to the invention in 
exploit the principles of rapid ramp modulation of the accordance with an exemplary embodiment of the invention 
transmission signal with the subsequent two - dimensional with two evaluation range Doppler matrices ; 
evaluation and to achieve their advantages , on the other hand 55 FIG . 3 shows a first version for forming the modulation of 
to avoid the disadvantages of the ambiguity of the velocity the transmission signals according to the invention ; 
measurement in a simple manner . FIG . 4 shows a second version for forming the modulated 

In order to achieve said object , according to the invention signals according to the invention . 
the method of the type mentioned above is characterized in FIG . 2 contains a graphical representation of the profile of 
that the segments are subdivided into at least two groups , 60 a transmission signal , wherein the frequency of the trans 
whose initial value and / or final value of the varying fre mission signal f ( t ) is plotted against time t . The transmission 
quency are different , that the segments of each group are signal consists of 2 L segments 10 , which form two groups 
separately subjected to the second evaluation and that elimi - A , B of frequency ramps . The segments 11 of the first group 
nation of the ambiguities of the determined velocities is A extend from an initial value fover a modulation shift fsw , 
carried out by determining a phase difference of the mutually 65 whereas the segments 12 of the second group B extend from 
corresponding signals that arise during the second evalua - an initial value fz with the same modulation shift ( band 
tion of the segments of each group . width ) fsw . The segments 11 , 12 of groups A , B adjoin each 

2L - 1 K - 1 

= 0 k = 0 
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B . 

40 = [ ( are ( Salem , n ) - 27 . fb . md Tein modr ] 
= 2 + ( 691 – fp ) 2 * ) 

ndo 

other alternately , so that all even - numbered segments belong According to the invention , the phase difference per cell 
to group A and all odd - numbered segments belong to group in the range Doppler matrix is now evaluated , advanta 

geously only for those cells in which a target has been 
As in the prior art , a respective evaluation is carried out detected . 

for each segment 10 , preferably in the form of an FFT . Using 5 Mathematically , this is given by 
a second evaluation , especially a second FFT , a range 
Doppler matrix is formed for the segments 11 of the first 
group on the one hand and for the segments 12 of the second 
group B on the other hand , there are thus different measured 
beat frequencies fBeat A and [ Beat B for the two matrices . " 

The transmission signal according to the invention con 
sists initially of a classic transmission signal , i . e . of short 
rapid ramps , with a fixed specified ramp duration Tchirp frT his is a phase correction factor that arises owing 
However , the two groups of ramps A and B are transmitted 15 to the ( possibly ambiguous ) measured Doppler frequency 
in a nested “ intertwined ” mode . Only a very little changed f , from ramp to ramp . The phase rotates further from 
lower carrier frequency is set between the first segments ramp to ramp by said value . This must be taken into account ( ramps ) 11 and the second segments ( ramps ) 12 , differing for the evaluation of the received nested signal arrangement . 
e . g . by 10 kHz . Thus in the first group A in the exemplary The target distance R and hence f , can now be calculated 
embodiment the transmission signal is modulated from fo to 20 from the above equation and the phase difference measure 
f . + 100 , 000 MHz and in the other group of ramps B from ment as follows : 
fo + 10 kHz to fo + 100 , 010 MHz . 

The echo signals are mixed with the current transmission 
frequency in the baseband . The range Doppler matrices are AOC 1 ( 10 ) 
generated for the two groups of ramps A and B . A target or 25 
object is accordingly observed and detected in both groups 2R fow AQ 1 fow ( 11 ) of ramps A and B in exactly the same cell of the two range fr = - - Lsw = - — : sw C Tchirp 271 ( SA - fb ) Tchirp Doppler matrices ( RDM ) . 

Because the Doppler frequency analysis ( second FFT ) is 
carried out for each group of ramps A , i . e . over two ramp 30 Finally , the unique Doppler frequency fo is given by the 
intervals in each case , the already small uniqueness range of above equation taking into account the measured beat fre 
the Doppler frequency in the prior art is halved again . quency fBear and the measured phase difference : 

However , owing to the measures according to the inven 
tion , this does not result in disadvantages . With the trans 
mission signal according to the invention and the two lower fp = fr - fBeat ( 12 ) 
carrier frequencies fa = f , and fp = f . + 10 kHz , the two range 
Doppler matrices for the two nested signals exist with the 10 1 fow ( 13 ) to = - Ja fp ) Ferien - fBeat following spectra following the two - dimensional FFT : 

R = 271 2 ( fa – fb ) 
TR 

= - - 

Ichirp 

35 

40 
L - 1 K - 1 

SA ( m , n ) = IME 
The evaluation of the measured phase difference results in 

a maximum unique measurable distance of e ( 127 ( f Beat Tea - fD , md " chirp 21 + 5A 22 ) . - j2rkim - 12 . 
l = 0 k = 0 

Sp ( m , n ) = ( 8 ) 45 1 c 1 ( 14 ) 
Rmax = 2 2fa - fb ) kom IMI fsa - D , md Tchirp ( 21 + 1 ) + f8 ] ?C ) . 04K , JUNT 21 - Ke 

For a frequency difference ( f4 - fp ) of 10 kHz , there is a 
In total 2L ramp signals 11 , 12 are transmitted during this . 50 maximum unique measurable distance of Rmax = 7 . 5 km . For 

All even - numbered ramps ( group A ) are associated with the a frequency difference ( f4 - fp ) of 4 kHz there is a maximum 
signal SA , whereas the signal SB is composed of the odd - unique measurable distance of Rmax = 18 . 75 km . un 
numbered ramps ( group B ) ( 2L + 1 ) . Compared to the known numbered ramps ( orou BOLU Compared to the known Equation 11 thus results in not only an approximate but an 
arrangement . the initial values f and f , of the carrier accurate determination of the frequency relating to the 
frequencies in the two groups A , B are slightly shifted 55 distance R , which according to equations 12 and 13 enables 
relative to each other . The segments ( ramps ) of a group A , accurate determination of the Doppler frequency fy in a 
B to be processed are separated from each other by a ramp unique manner . 
length Thirn owing to the nested arrangement . The use according to the invention of two groups A , B of 

In this situation there are two range Doppler matrices , segments 11 , 12 with nested frequency shifts thus enables 
which are evaluated for specific cells . For detection purposes 60 unique and accurate determination of the distance and the 
the signals are simply added incoherently by magnitude for radial velocity by means of the determination of the Doppler 
each cell . For each detected target , the frequency fReat and frequency . The described transmission signal can be gener 
the ambiguous Doppler frequency fD . md can be read directly ated in the required manner by a suitably controlled fre 
from the range Doppler matrix or calculated by an interpo quency generator . However , it is also possible that the real 
lation technique for increased accuracy . In this respect there 65 segments 10 , 11 can be generated in the same way , but using 
are two range Doppler matrices with identical magnitude a different virtual modulation . For this purpose , according to 
information ( but different phase infatuation ) . FIG . 3 the so - called " zero filling " is used . The real modu 
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lated frequency shift is thereby fyw , but is not fully utilized . 3 . The method as claimed in claim 2 , wherein the second 
The frequency shift used in each case for the segments 11 , evaluation is carried out as a second FFT using the mutually 
12 is fsw - ( f8 - f4 ) . corresponding frequency peaks of the segments of the 

FIG . 3 shows that for the segments 10 a real modulation measurement cycle . 
is always used , which starts from the initial value fa and 5 4 . The method as claimed in claim 3 , wherein determining 
extends over the entire bandwidth fsw . For the segments 11 the phase difference for the frequency peaks arising during 
of the first group A , the segment 11 starting with f is used , the second FFT for the Doppler frequency takes place after 
whereas at the upper end a segment of width fb - f4 is not at least two groups ( A , B ) . used . 5 . The method as claimed in any claim 1 , wherein the For the segment 12 of group B , by contrast , the lower 10 segments of the two groups ( A , B ) are generated with the segment fo - f4 is not used , so that the same frequency shift 
fsw - ( fz - f2 ) occurs for both segments 11 , 12 . same real frequency profiles , but are used for a first group 

According to the version illustrated in FIG . 4 , the seg ( A ) from a first initial value ( f . ) to a first final value and for 
ments 10 for both groups A , B are generated equally in real the second group ( B ) from a second initial value ( fr ) to a 
form . The length of the segments here is fsw + ( f9 - f2 ) . The 15 S 15 second final value for the measurement , wherein the initial 
real modulated region is thus increased by fz - f4 . Unused values fg , fg and final values are different from each other . 

6 . The method as claimed in claim 1 , wherein the seg sampling values at the upper end of the segments 11 of the 
group A and at the lower end of the segment 12 of group B ments of the at least two groups ( A , B ) all have the same 
are discarded . frequency shift . 

In all the described cases , the segments 10 , 11 have the 20 7 . The method as claimed in claim 1 , wherein the fre 

same frequency shift and the same gradient . This is not quency change of the segments in the groups ( A , B ) is 
absolutely necessary . Different frequency shifts and different constant and of the same size . 
gradients can also be used in the method described here . 8 . The method as claimed in claim 1 , wherein the deter 
However , the mathematical evaluation for this is somewhat mined phase difference is also evaluated for accurate deter 
complex . o mination of the distance ( R ) of an object . 

The invention claimed is : 9 . A device for determining the distance and radial veloc 
1 . A method for determining the distance ( R ) and radial ity of an object in relation to a measurement location , with 

velocity ( v ) of an object in relation to a measurement a radar transmitter , a receiver disposed at the measurement 
location , with which radar signals are transmitted and fol location for radar signals of the radar transmitter reflected 
lowing reflection at the object are received again at the 30 from the object , wherein the radar signals are subdivided 
measurement location , wherein the transmitted radar signals within a measurement cycle into numerous segments , in 
are subdivided within a measurement cycle into numerous which they are varied in their frequency from an initial value 
segments , in which they are varied in their frequency from ( fa , fp ) to a final value , with a first evaluation device B ) 
an initial value ( f , fr ) to a final value , and the received connected to the receiver for detecting frequency peaks 
reflected signals are subjected over a segment in each case 35 5 within each of the segments of the received signal , with a 
to a first evaluation for detecting frequency peaks and second evaluation device connected to the first evaluation 
additionally a subsequent second evaluation of the signals is device for evaluation of a phase difference of the determined 
carried out for the frequency peaks of all segments of the frequency peaks for determining a Doppler frequency com 
measurement cycle to determine a Doppler frequency com ponent as a measure of the radial velocity ( v ) , wherein 

nent as a measure of the radial velocity ( v ) ' wherein the an segments of at least two groups ( A , B ) are used for the 
evaluation in the evaluation devices , the initial value ( fx , fp ) segments are subdivided into at least two groups ( A , B ) 

whose initial value ( f , fp ) and / or final value of the varying and / or final value of the varying frequency of said segments 
being different , where the segments of each group have the frequency are different , where the segments of each group 

have the same form and the same initial values and final same form and the same initial values and final values , the 
values , the segments of different groups are different with 45 15 . segments of different groups are different with respect to 
respect to initial values and final values , and the segments of initial values and final values , and the second evaluation 
each group ( A , B ) are separately subjected to the second device comprises at least two evaluation stages for the 
evaluation and that elimination of ambiguities of the deter separate evaluation of the signals of the at least two groups 
mined velocity is carried out by determining a phase differ ( A , B ) and that at least one phase difference detector , whose 
ence of the mutually corresponding signals arising during 50 50 output signals can be used for unique determination of radial 
the second evaluation of the segments of each group ( A , B ) . velocities , is connected to the at least two evaluation stages . 

2 . The method as claimed in claim 1 , wherein the first 10 . The device as claimed in claim 9 , wherein the output 

evaluation is carried out as a first FFT using the sampling signal of the phase difference detector is also evaluated for 
signals within a segment for determining the frequency determination of the distance ( R ) . 
peaks . * * * * * 

?? 


