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Receive device and method for receiving 

a receive sequence 

5 Abstract 

A receive device for determining a location of a 
transmitter device includes an evaluation means (105) 
configured to determine a first location (128) of the 

10 transmitter device from a time of arrival (120) of a first 
receive sequence (110), and a second location (129) of the 
transmitter device from a time of arrival (122) of a second 
receive sequence (112). In addition, the receive device 
includes a combiner (106) configured to determine the 

15 location (105) of the transmitter device from the first 
location and the second location.  

20 Fig. 1



Receive device and method for receiving 

a receive sequence 

Description 

5 

The present invention relates to a receive device and a 
method for receiving as well to a communication device 
comprising a transmitter device and a receive device which 

10 may be employed, in particular, in digital communication 
systems as well as in localization systems for determining 
a transmitter location or for determining a time of arrival 
of a receive sequence within a receiver.  

15 In order that a receiver may synchronize, within a digital 
transmission system, to a digital signal sent out by a 
transmitter, the transmitter will radiate a digital signal 

known to the receiver. It is the receiver's task to 
determine the precise TOA (time of arrival) of the signal 

20 sent.  

To determine the time of arrival, the cross-correlated 

between the digital receive signal and the known digital 
transmit signal is calculated.  

25 

In localization systems, a transmitter also emits a digital 
signal which will be received by several receivers. The 
position of the transmitter may be determined from the 
signal's times of arrival at the receivers via a run-time 

30 measurement.  

On account of multipath propagation, in particular, the 
time of arrival of a signal can be determined in an 
imprecise manner only. In communication systems, for 

35 example, this leads to synchronization errors, or, in 
localization systems, to erroneous positioning.
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The present invention provides a communication system 

comprising: 

5 a transmitter device comprising a transmitter for 

sending out a first transmit sequence and a second 

transmit sequence, the transmitter device being 

constructed so that each transmit sequence 

(i) exhibits a different time signal and a different 

10 spectrum or 

(ii) is sent by a different one of two antennas of the 

transmitter device; and 

a receive device for determining a location of the 

15 transmitter device, the receive device comprising: 

an evaluation means configured to determine a 

first location of the transmitter device from a 

time of arrival of a first receive sequence, and 

20 a second location of the transmitter device from 

a time of arrival of a second receive sequence, 

the receive sequences corresponding to the 

different transmitted transmit sequences of the 

transmitter device; and 

25 

a combiner configured to determine the location 

of the transmitter device from the first location 

and the second location.  

30 The present invention further provides a method for 

determining a location of a transmitter device, comprising: 

receiving a first time of arrival of a first receive 

sequence, and a second time of arrival of a second 

35 receive sequence, the receive sequences corresponding 

to different transmitted transmit sequences of the 

transmitter device, wherein each transmit sequence 

2227964_1 (GHMatlers) 24/0312010
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(i) exhibits a different time signal and a different 

spectrum or 

(ii) is sent by a different one of two antennas of the 

5 transmitter device; 

determining a first location of the transmitter device 

from the time of arrival of the first receive 

sequence, and a second location of the transmitter 

10 device from the time of arrival of the second receive 

sequence; and 

determining the location of the transmitter device 

from the first and second locations.  

15 

In an embodiment, the receive means comprises: 

a receiver configured to receive a first receive sequence 

and a second receive sequence, each of the receive 

20 sequences comprising a plurality of successive values, and 

the successive values of the first receive sequence 

differing from the successive values of the second receive 

sequence; 

25 a correlator configured to determine a first time of 

arrival of the first receive sequence, and a second time of 

arrival of the second receive sequence; and 

a combination means configured to determine an averaged 

30 time of arrival from the first and second times of arrival.  

In an embodiment, the inventive receive device as well as 

the inventive receive method may be advantageously employed 

in a receiver system for determining a location of a 

35 transmit device, as well as in a communication system.  

When the transmitter emits a burst via an antenna, this 
would typically lead, due to multipath propagation, to a 

2227984_1 (GHMatters) 2410312010
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systematic error in the estimation of the time of arrival 

of the burst in the receiver. In this case, the error 

depends on the location of the transmitter, on the 

orientation of its antenna, and on the burst used.  

5 

Since multipath propagation leads to a frequency-selective 

channel, the estimated and erroneous time of arrival 

actually also depends on the burst used. If a different 

burst having different spectral properties is transmitted, 

10 the systematic time-of-arrival error will also change.  

Also, this error will change if a different transmit 

antenna is used instead of a first transmit antenna, since 

2227964_1 (GHMatters) 24/03/2010
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in this case a different multipath propagation will result, 
i.e. a different transmission channel will be used.  

This results from the fact that - depending on where the 
5 transmit antenna currently has aligned its main lobe of the 

direction characteristic - sometimes there will be more, 
and sometimes fewer, multipath phenomena.  

The present invention is based on the findings that an 
10 influence of the multipath propagation in determining the 

time of arrival of a receive sequence may be statistically 
reduced in that more than one transmit signal, also 
referred to as burst below, is used in the transmitter, the 
transmit signals used being specified by a predefined 

15 multiplex scheme. Each transmit signal exhibits a different 
time signal and a different spectrum. Alternatively, more 
than one transmit antenna may be used, only one antenna 
being used at any one point in time, or both antennas 
transmitting at the same time. A multiplex scheme may also 

20 determine the manner of switching between the antennas.  

In this manner, a waveform diversity, or a transmit-antenna 
diversity, is achieved. The basic principle of diversity is 
that the same information, for example the transmitter 

25 location, is obtained via many mutually independent paths, 
i.e. different burst pairs or different pairs of transmit 
antennas, this information being corrupted in different 
ways on each path from the transmitter to the receiver, 
i.e. there being a systematic error of the time of arrival.  

30 By combining the corrupted information, for example by 
averaging the estimated, corrupted transmitter locations, 
the original information may be obtained with an error 
which on average, averaged over all potential locations, is 
smaller than the information received on the individual 

35 paths. For a localization system, a different systematic 
time-of-arrival error is obtained for each transmitter 
location as a function of the selected pair of specific 
burst and transmit antennas. Some burst pairs, or pairs of



transmit antennas, are optimal for specific locations, i.e.  
they result in the smallest systematic error. However, at 
other transmitter locations they may possibly result in 
very large systematic errors. At these locations, other 

5 burst pairs, or pairs of transmit antennas, would result in 
smaller systematic errors.  

In accordance with one embodiment, the bursts received are 
weighted with quality values in the receiver before they 

10 are used for determining the averaged time of arrival. In 
this manner, the faulty influence of disturbed receive 
sequences in calculating the averaged time of arrival is 
reduced.  

15 Preferred embodiments of the present invention will be 
explained below in more detail with reference to the 
accompanying figures, wherein: 

Fig. 1 is a block diagram of a receive device in 
20 accordance with the present invention; 

Figs. 2 and 3 are block diagrams of transmitter devices in 
accordance with embodiments of the present 
invention; 

25 

Figs. 4a - 4f are graphic representations of an estimation 
to 7a - 7f error of the times of arrival of different 

receive sequences in accordance with 
embodiments of the present invention; 

30 

Fig. 8 is a graphic representation of a delay of a 
synchronization burst in accordance with one 
embodiment of the present invention; 

35 Fig. 9 is a graphic representation of a burst 
multiplex scheme;
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Figs. lOa-10f are definitions of variables used in one 
embodiment; and 

Fig. 11 is a block diagram of a receive means in 
5 accordance with the present invention; 

Fig. 12 is a block diagram of a communication device 
in accordance with an embodiment of the 
present invention.  

10 

In the following description of the preferred embodiments 
of the present invention, identical or similar reference 
numerals will be used for those elements depicted in the 
various drawings which have similar actions, repeated 

15 descriptions of these elements being dispensed with.  

Fig. 1 shows a block diagram of a receive device for 
determining a location of a transmitter device in 
accordance with an embodiment of the present invention. The 

20 receive device is configured to receive a first receive 
sequence and a second receive sequence 110, 112. The 
receive sequences 110, 112 are transmit sequences sent out 
by a transmit device (not shown in Fig. 1) . The receive 
device is configured to determine the location 115 of the 

25 transmitter. In accordance with this embodiment, the 
receive device comprises two receivers 102, each having 
correlators 104. In addition, the receive device comprises 
an evaluation means 105 and a combiner 106. The receivers 
102 are configured to receive the receive sequences 110, 

30 112 and to determine times of arrival 120, 122, 124, 126 of 
the receive sequences. To this end, correlators 104 are 
configured to receive the transmit sequences 140, 142 which 
are sent out by the transmit device and correspond to 
receive sequences 110, 112. Receiver 102 is configured to 

35 determine the first time of arrival 120 of the first 
receive sequence, and the second time of arrival 122 of the 
second receive sequence 112, and to provide them to 
evaluation means 105. The further receiver 102 is



configured to determine the further first time of arrival 
124 of the first receive sequence 110 in the further 
receiver, and the further second time of arrival 126 of the 
second receive sequence 112 in the further receiver, and to 

5 provide them to evaluation means 105.  

Evaluation means 105 is configured to determine, from the 
first time of arrival 120 and from the further first time 
of arrival 124, a first location 128 of the transmit 

10 device, and to provide same to the combiner 106. In 
addition, evaluation means 105 is configured to determine, 
from the second time of arrival 122 and from the further 
second time of arrival 126, a second location 129 of the 
transmit device, and to provide same to the combiner 106.  

15 The combiner 106 is configured to determine the location 
115 of the transmit device from the first location 128 and 
the second location 129. To this end, the combiner may be 
configured to perform an averaging of the locations 128, 
129.  

20 

Depending on the field of application, the receive device 
may comprise a single receiver 102, or a plurality of 
receivers 102, which provide first times of arrival and 
second times of arrival to evaluation means 105. If the 

25 inventive receive device is combined with known receivers, 
the receive device may consist only of the evaluation means 
and the combiner 106, evaluation means 105 being configured 
to obtain the information about the times of arrival from 
the receivers employed. Evaluation means 105 may determine 

30 the locations 128, 129 via run-time analyses. Location 
information 128, 129 may be present in the form of values 
standardized accordingly, for example in the form of 
coordinates, and may be processed further.  

35 The algorithm used in the receive device consists in that 
both times of arrival are passed on, from the receivers, to 
a central computer which is depicted in Fig. 1 by the 
evaluation means and the combiner. Subsequently, a first
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transmitter location is determined from the first times of 
arrival associated with the first transmit sequence, or 
receive sequence, of all receivers, and subsequently, a 
second transmitter location is determined from the second 

5 times of arrival associated with the second transmit 
sequence, or the second receive sequence, of all receivers.  
Subsequently, averaging is performed over the locations 
determined. Thus, locations averaged are calculated in the 
central computer.  

10 

Receive sequences 110, 112 may be bursts which have been 
transmitted from one transmitter to the receivers 102 via a 
transmission channel. The transmission channel may be a 
line-conducted or a wireless transmission channel.  

15 

The receivers 102 may be an antenna unit configured to 
determine the digital information, in the form of the 
receive sequences received, from the receive sequences 110, 
112 sent via the transmission channel.  

20 

The receiver 102 or, alternatively, the correlator 104 may 
be configured to determine quality values 130, 132, 134, 
136 which represent a quality of the receive sequences 110, 
112, or of times of arrival 120, 122, 124, 126. Quality 

25 values 130, 132, 134, 136 indicate the current influence of 
the multipath propagation on the times of arrival 120, 122, 
124, 126, i.e. are quality values of the estimated times of 
arrival with regard to the corruption caused by multipath 
propagation. In accordance with one embodiment, the quality 

30 values calculated in the receive device are an estimated 
signal/noise ratio, also referred to as SNIR, of the 
receive sequences 110, 112. Alternatively, quality values 
130, 132, 134, 136 may be a parameter which characterizes 
the multipath influence. Due to the diversity, i.e. due to 

35 the different receive sequences 110, 112, the first time of 
arrival 120, 124 and the second time of arrival 122, 126 
have different quality values.
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In accordance with one embodiment, only those times of 
arrival which have high quality values will continue to be 
used in the receiver. Alternatively, the quality values are 
taken into account in the combiner, via a weighting, in the 

5 calculation of the averaged location 115. This means that 
the weighting coefficient depends on quality values 130, 
132, 134, 136. The higher the quality of the receive 
sequences 110, 112, or of the times of arrival 120, 122, 
124, 126 determined therefrom, the higher the weighting 

10 will be in an averaging for determining the averaged 
location 115.  

The averaged location 115 may be derived from arithmetic 
averaging from the locations 128, 129. If quality values 

15 130, 132, 134, 136 are taken into account in determining 
the averaged location 115, the determination of the 
averaged location 115 may be established from an arithmetic 
averaging from the weighted locations 128, 129. To this 
end, the first time of arrival 120, 124 may be weighted 

20 with the first quality value 130, 134, and the second time 
of arrival 122, 126 may be weighted with the second quality 
value 132, 136.  

In accordance with this embodiment, the correlator 104 is 
25 configured to determine the times of arrival 120, 122 by 

correlating the received receive sequences with transmit 
sequences 140, 142. The transmit sequences 140, 142 
correspond to transmit sequences which are sent out by a 
transmit device (not shown in Fig. 1), and are received, 

30 after the transmission, by the receive device 110 as 
receive sequences 110, 112, and are provided to the 
correlator 104 as received receive sequences by the 
receiver 102.  

35 If the first receive sequence 110 and the second receive 
sequence 112 are receive sequences which differ only in 
that an underlying transmit sequence was sent out via a 
first antenna for the first receive sequence 110 and via a
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second transmit antenna for the second receive sequence 
112, the correlator 104 may perform a successive 

correlation of the received receive sequences with a 

transmit sequence. However, if the receive sequences 110, 
5 112 are receive sequences which have emerged from different 

transmit sequences, the correlator 104 will perform a 

correlation of the received receive sequences both with the 

first transmit sequence 140 and with the second transmit 
sequence 142. When utilizing a multiplex scheme, a 

10 correlation of the receive sequence with the two transmit 

sequences is not necessary, since, first of all, a 

synchronization to the multiplex scheme is performed, and 
thereafter a correlation with the correct transmit sequence 

is performed. In accordance with one embodiment, the 

15 receive device 100 comprises a control unit (not shown in 
the figures) which may synchronize to a multiplex scheme 

employed by the transmitter. In this context, the multiplex 

scheme indicates a succession of the transmit sequences 

used and, thus, a succession of the receive sequences 110, 

20 112. A synchronization may be performed by specific 

preambles or by other measures. For example, the receive 

device may be configured to provide - in response to a 

reception of a synchronization sequence, for example of the 

specific preamble - the first transmit sequence 140 and the 

25 second transmit sequence 142 to the correlator 104 in a 
predefined succession.  

In this and the following embodiments, the averaged 

location 115 is determined from a first receive sequence 

30 110 and a second receive sequence 112. Utilization of more 

than two receive sequences, or of more than two transmit 

antennas, is possible. This is advantageous, since it 

results in a larger diversity.  

35 Fig. 2 shows a block diagram of a transmit device 200 which 

may be utilized in combination with the receiver device 

depicted in Fig. 1. The transmit device 200 is configured 

to send out a first transmit sequence 240 and a second
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transmit sequence 242. For this purpose, the transmit 

device 200 comprises a transmitter 252 and an antenna 254.  

The transmitter 252 is configured to provide to-be

transmitted transmit sequences to antenna 254 and to send 
5 them out via same. Transmit sequences 240, 242 are 

transmitted to the receive device via the transmission 

channel. In accordance with this embodiment, the first 

transmit sequence 240 and the second transmit sequence 242 

are transmitted in temporal succession. To achieve greater 
10 diversity, the transmit sequences 240, 242 are bursts 

having different spectral properties. This means that 

transmit sequences 240, 242 consist of different value 

sequences, for example, or are emitted at different 

frequencies.  

15 

Fig. 3 shows a block diagram of a further transmit device 
200 which may also be used in combination with the receiver 

device depicted in Fig. 1. Unlike the transmit device 

depicted in Fig. 2, the transmit device 200 depicted in 

20 Fig. 3 exhibits a first antenna 254 and a second antenna 
256. Transmitter 252 is configured to send out the to-be
sent transmit sequences both via the first antenna 254 and 

via the second antenna 256. In accordance with this 

embodiment, the first transmit sequence 240 is sent out via 

25 the first antenna 254, and the second transmit sequence 242 

is sent out via the second antenna 256. The transmit 

sequences 240, 242 may be identical, since an antenna 

diversity is ensured on account of the two antennas 254, 
256. To this end, antennas 254, 256 may be antennas having 

30 different characteristics, or identical antennas having 

different orientations of the main lobe, or different 

positions, possibly with identical orientations. In this 

manner, antenna diversity is achieved.  

35 For a communication system, the receive device depicted in 

Fig. 1 may be combined with one of the transmit devices 200 

depicted in Figs. 2 and 3. The times of arrival may
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advantageously be used to perform a synchronization between 

the receive device and the transmit device 200.  

Depending on the transmit device 200, an antenna diversity 

5 or waveform diversity, i.e. burst diversity, may be 

exploited, or a combination of an antenna diversity and 

waveform diversity may be exploited. The pattern of the 

burst pairs, or pairs of transmit antennas, in exploiting 

two different bursts, or two different transmit antennas, 

10 respectively, may be selected arbitrarily. For example, for 

a specified first transmit antenna, a first burst and a 

second burst may be transmitted in an alternating manner, 

or a first burst may be transmitted twice via the first 

antenna, in each case, and then the second burst may be 

15 transmitted twice via the second antenna, in each case. The 

underlying pattern may be freely programmable. In the 

receive device, the pattern of the bursts must be known, 

since here a cross-correlation must be performed with the 

respectively correct bursts transmitted. A synchronization 

20 to the pattern selected may be performed in that a 

synchronization burst is detected which is always followed 

by the same programmed pattern. The transmit-antenna 

pattern may be ignored by the receiver.  

25 In the transmit-antenna diversity, the transmit antennas 

may transmit at the same time or in a time-multiplexed 

manner.  

In the following, such possible transmit pulses, i.e.  

30 bursts or waveforms, will be depicted which may be 

exploited, in accordance with the inventive approach, for 

estimating the time of arrival of the transmit pulses in 

the receive device.  

35 RRC003 describes a root raised cosine transmit pulse former 

with a roll-off of 0.03. The crest factor for this waveform 

amounts to 8 dB for real signals, and to 7 dB for complex

valued signals.
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RRC024 designates a root raised cosine transmit pulse 

former with a roll-off of 0.24. The crest factor amounts to 

5 dB for real signals, and to 4.3 dB for complex-valued 
5 signals.  

RRC10 designates a root raised cosine transmit pulse former 

with a roll-off of 1.0. The crest factor amounts to 3.6 dB 

for real signals, and to 3.4 dB for complex-valued signals.  

10 

Gauss054 designates a softly band-limited Gauss pulse with 
a normalized bandwidth of 0.54. The crest factor amounts to 

1.9 dB for real signals and to 1.8 dB for complex-valued 
signals.  

15 

Figs. 4a to 4f, 5a to 5f, 6a to 6f, 7a to 7f show the 
envelopes of the time-of-arrival estimation error, i.e. of 

the estimation error of the time of arrival of a waveform 

in a receive device in a two-way transmission characterized 

20 as follows: 

Exactly two Dirac-shaped paths are received.  

The second path is attenuated relative to the first path by 

25 the constant factor of "attenuation", i.e. the channel is 

time-invariant, i.e. does not fade. The attenuation value 
in dB in indicated in the header of each figure, the values 

of 0 dB, i.e. two equally strong paths, 6 dB and 10 dB 

being examined. With regard to the two latter values, the 
30 first path to arrive will be dominant.  

The delay between the two paths is varied from 1 ns to 

80 ns on the x axis of the figures.  

35 The constant phase difference between the two paths 

(indicated in the figures as phase) is varied from 

0 degrees to 180 degrees in steps of 30 degrees. This 

family of curves results in the envelope.



No thermal noise is added in the transmission, i.e. the 
signal/noise ratio is extremely high.  

5 The y axis of each image reflects the determined estimation 
error for the TOA (time of arrival) in ps for the 
configuration examined in each case. That value which would 
be determined, in the transmission via a one-way channel, 
if only the first of the two paths were present, is 

10 regarded as an ideal TOA.  

In two successive images, respectively, the errors for two 
different methods of the TOA estimation are depicted. At 
first, the result of a so-called inflection-point method is 

15 shown, wherein the TOA is determined from the position of 
the inflection point of the left-hand edge at the first 
clear peak. The second image, respectively, shows the 

results for a so-called maximum method, wherein the maximum 

of the first clear peak the TOA is determined. The method 
20 examined in the image may be seen from the header.  

The first clear peak is the first peak whose magnitude is 
larger than a predefined value of peakthresh with regard to 
the maximum magnitude of the correlation. For certain 

25 waveforms and certain constellations, this may be the main 

peak, for others it is possibly the left-hand secondary 
ripple, it being possible for the selection of the left
hand secondary ripple to be advantageous in specific 

waveforms within the estimation algorithm. In the event of 
30 a misestimation, the algorithm may erroneously also find a 

left-hand or a right-hand secondary ripple of the 
correlation function. In the figures, this may be 

recognized as a very large TOA error which often, but not 

always, decreases abruptly in the event of larger delays.  

35 As a rule, the peakthresh is 4, but may be varied, as the 
case may be. Its value is contained in the header line of 
each figure.
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The illustrations with regard to Figs. 4 to 7 will be 
specified below with reference to Figs. 4A - 4F. Figs. 4a 
to 4f relate to the RRC003 waveform.  

5 In Fig. 4A, the delay is indicated in ns on the x axis, and 

the TOA estimation error is indicated in ps on the y axis.  

The attenuation is 0 dB, the inflection-point method is 
utilized for determining the time of arrival, and the 

peakthresh is 1/2. Curve 891 represents a phase difference 
10 of 0 degrees. Curve 892 represents a phase difference of 30 

degrees, curve 893 a phase difference of 60 degrees, curve 
894 a phase difference of 90 degrees, curve 895 a phase 
difference of 120 degrees, curve 896 a phase difference of 

150 degrees, and curve 897 a phase difference of 180 

15 degrees. Thus, curves 891 and 897 represent the envelopes 
of the TOA estimation error.  

Fig. 4B corresponds to the representation depicted in Fig.  

4A, the maximum method being used for determining the TOA.  

20 

The graphic representations in Figs. 4C and E correspond to 

the representation in Fig. 4A, Fig. 4C being based on an 
attenuation of 6 dB, and Fig. 4E being based on an 

attenuation of 10 dB. Figs. 4C and 4E, in turn, depict 
25 envelopes 891, 897. Accordingly, the representations in 

Figs. 4D and 4F correspond to the representation of Fig.  
4B, Fig. 4D, in turn, being based on an attenuation of 6 
dB, and Fig. 4F being based on an attenuation of 10 dB.  
Figs. 4D and 4F also designate envelopes 891, 897.  

30 

In correspondence with Figs. 4A to 4F, Figs. 5A to 5F 
depict the TOA estimation error on the basis of the RRC024 

waveform, Figs. 6A to 6F on the basis of RRC1O waveform, 
and Figs. 7A to 7F on the basis of GaussO54. In Figs. 5 to 

35 7, error envelopes 891, 897 are provided with reference 
numerals only in the first Figs. 5A, B, to 7A, B, 
respectively.



- 16 

In almost all of the configurations examined in Figs. 4 to 
7 it may be seen that the inflection-point criterion 

provides clearly smaller TOA estimation errors than the 
maximum criterion. If the second path is highly attenuated 

5 as compared to the first, its influence on the TOA error 

will be smaller. However, this effect may be observed 

mainly for large delays. With small delays, a highly 

attenuated second path will also result in a marked TOA 
error.  

10 

The TOA error is largest whenever the delayed path only has 

a delay of below 30 ns with regard to the first path. This 

applies to the utilization of the favorable inflection

point criterion and of an advantageous waveform. This may 
15 be assumed, since this result may also be generalized for 

more propagation paths. Only those paths having delays of 

less than 30 ns are critical.  

In the following, the RRC bursts will be contemplated.  

20 

With all RRC bursts, with equally strong paths, i.e. with 

an attenuation of 0 dB and for phases smaller than 180 
degrees, the TOA error will initially rise in an almost 

linear manner with the inflection-point method, or in a 
25 practically linear manner with the maximum method. This is 

due to the fact that the second path causes the main 

maximum, or the inflection point of the correlation curve, 

to shift to the right. With the maximum method, the error 

will then at some point abruptly jump to 0. This occurs at 

30 that delay where the main peak separates into two peaks, 

and the algorithm then suddenly detects the correct first 

peak which belongs to the first path.  

For the phase of 180, and also for an attenuation of 0 dB, 

35 the TOA error is already very highly negative at a very 

small delay of 1 ns. This means that the correlation curve 

arising here exhibits a very pronounced left-hand secondary 

ripple, and that the algorithm erroneously evaluates this
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main peak. With an increasing delay, the left-hand 

secondary ripple gradually merges with the main peak, so 
that the negative TOA error increases and disappears.  

5 For an attenuation 2 6 dB, it may be observed that the TOA 
error continually oscillates back and forth between 
negative and positive values. There are also individual 
delay values which may lead to a TOA error of 0.  

10 With the RRC003 burst, the TOA error decays very slowly for 
an increasing delay/the TOA error for an increasing delay 
decays very slowly only. Even after a delay of 80 ns 
between the two paths, the error is still considerable, for 

example at 1,000 ps for an attenuation of 0 dB, because the 
15 pulse response of the RRC003 burst, and thus the influence 

of the delayed second path, disappear very slowly.  

With regard to an increasing roll-off, one may see that the 
TOA error for an increasing delay decays very much faster, 

20 which is due to the pulse response being flatter and 
decaying faster. However, no uniform tendency may be found 
for small delays. Here, the RRC024 burst causes the largest 
TOA error.  

25 For determining the time of arrival in the correlator, the 
inflection-point method should be used, if possible, since 
it leads to better results for estimating the time of 

arrival.  

30 For equally strong paths and small delays, the band-limited 

Gauss pulse GaussO54 provides advantages. The error may 
amount up to -12 ns, but a positive error is always smaller 

than +2 ns.  

35 On the basis of the properties described, it would be 
possible to design even more favorable waveforms which may 
advantageously be used as transmit sequences for the 

inventive approach.



- 18 

Depending on the environmental conditions under which the 
inventive devices are employed, different ones of the 
waveforms introduced may be advantageous. Advantageously, 

5 for the first and second transmit sequences, different 
waveforms are employed which result in an averaged time of 
arrival, the error of which is compensated for toward 0, as 
far as possible, on account of the averaging.  

10 Further embodiments of the inventive approach will be 
described below.  

In the following embodiment, the receive sequences will be 
referred to as T bursts, the synchronization sequence will 

15 be referred to as an A burst, the receive device will be 
referred to as the receiver and the transmit device will be 
referred to as the transmitter.  

In accordance with this embodiment, the T bursts may be 
20 programmed within the transmitter. After the emission, they 

are characterized in that 

their bandwidth does not exceed the value of t burstbw 
(shown in Fig. 10u), 

25 

their time duration approximately amounts to the adjustable 
value of tburstlen (shown in Fig. lOv) Bcycles, plus an 
additional temporal expansion in the transition from 
programmed-in Bsamples to the physical signal, e.g.  

30 interpolation, dispersive analog circuits, 

the maximum time duration of t burstmaxlen (shown in Fig.  
10w) amounts to B_cycles, plus the above expansions, which 
is predefined by the transmitter implementation, 

35 
their SNIR downstream from the transmitter output amounts 
to the value of senderSNIR (shown in Fig. 10s) or better.
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Within the transmitter, two T bursts may be programmed 
which are emitted in accordance with a programmable 

selection scheme. These two T bursts shall be referred to 
as T burst 0 and T burst 1, respectively, below. Each of 

5 the two T bursts is present in complex-valued B samples, 
i.e. the T-burst signal to be emitted is sampled, within I 
and Q components, respectively, at the sample frequency of 
B clock.  

10 The T bursts are generated such that they are controlled in 
an optimum manner in a 6 quantization used. This means that 
the value of +31 which may maximally be depicted is 
actually adopted by the signal.  

15 In multiplexing from A and T bursts, precisely one A burst 
and, subsequently, at_multipllen (shown in Fig. 10f) T 
bursts are sent within an acquisition period, the value of 
atmultipllen being adjustable. This scheme is continued 
periodically. Adjustable intervals must be kept between the 

20 A burst and the first T burst within a period, between the 
individual T bursts, and between the last T burst of a 
period and the A burst of the next period.  

Within the transmitter there exists a counter 
25 atmultiplcntr which is always reset to 0 before the start 

of the A burst, and is increased by 1 after each fully 
emitted T burst. The maximum value of at multiplcntr thus 
amounts to atmultipl len.  

30 For the time multiplex, the A burst present in Bsamples 
will be contemplated.  

When the "relevant A burst", always in Bsamples, is 
mentioned below, what is meant is only the below-described 

35 part of the "generated A burst", always in Bsamples, which 
was generated by transmit pulse formation, upsampling and 
upconversion, on the basis of an A burst present in
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B_samples_48, for example directly within the transmitter 

itself, as is present at the multiplexer input.  

Fig. 9 illustrates which part of the generated A burst is 

5 meant by "relevant A burst". The upper half of the image 

depicts the "underlying A burst" in B samples 48, the 

distance (1) between two samples thus being B cycle_48. Its 

entire length (6) is aburstlen, in Bcycles_48.  

10 Fig. 9 shows delays and time durations of the A burst 

stored within Bsamples_48, of the A burst in Bsamples 

which is generated by means of transmit pulse formation, 

upsampling and upconversion, and of the relevant A burst.  

15 The bottom half shows the generated A burst in B samples.  

The distance (2) between two samples is thus Bcycle.  

At a time to, the first B sample_48 of the A burst stored 

is input into the signal generation, transmit pulse 

20 formation, upsampling and upconversion. Depending on the 

implementation, this first B sample_48 of the A burst 

stored does not appear in the A burst generated until the 

time t2, i.e. after a delay (3). This delay consists of two 

components. Buffering in the signal generation for 

25 pipelining etc. results in an initial delay (4) from the 

time tO, where the first B sample_48 of the A burst stored 

is introduced into the signal generation, up to the point 

t i, when the first valid Bsample of the A burst generated 

is output by this signal generation. In addition, all 

30 utilized filters, transmit pulse formers and upsampling low 

passes have group run times which cumulate to a filter run 

time (5). If the A burst generated is created offline, then 

the delay (4) = 0, unless the transmitter introduces 

additional pipelining. However, the delay caused by the 

35 transient oscillations of the filters, i.e. their group run 

times, are always present and to be noted.
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If the last B_sample_48 of the A burst stored is input into 
the signal generation at the time t3, it will also not 
appear, as the B sample at the output of the signal 
generation, until the time t4 after the delay (3). The last 

5 valid Bsample of the A burst generated is output by the 
signal generation at the time t5. After the time duration 
(7), i.e. t5 - t4, all filters have decayed. In the filters 

comprising symmetrical pulse response, which are typically 
used, the time duration (7) equals the cumulated group run 

10 times (5).  

The cumulated pulse widenings caused by dispersive filters, 

i.e. sum of transient-oscillation and decay times, (5)-+

(7), must not exceed the value of amaximpwiden Bsamples, 

15 so that proper functioning of the overall system, in 
particular of the receiver, is ensured.  

The overall length, expressed in valid B samples of the 
generated A burst, is thus (8), i.e. the sum of (5), (6) 

20 and (7) . Since (5) and (7) are dependent on the 
implementation, in the following, (6) (i.e. a burstlen, 
expressed in Bsample_48) will always be regarded as the 
length of the relevant A burst. In a different 
representation, in the unit B samples, a burstlen B is the 

25 distance from the first to the last B sample, which are 
associated with the first, or last, Bsample_48, 
respectively, of the stored A burst.  

The length of the relevant A burst which shall be 
30 contemplated below thus also contains no signal broadenings 

whatsoever which may be caused by the dispersive filter 
pulse responses in the signal generation, transmit impulse 
formers and upsampling low passes, as well as no potential 
further implementation-dependent signal broadenings.  

35 

The scheme depicted in Fig. 10 visualizes the multiplex, 
the burst durations and the distances.
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All time ratios indicated by Fig. 10 apply within the 

multiplexer which, within the transmitter, switches between 

the A burst and the T burst.  

5 Thus, at this point, the A and T bursts are both present in 

B_samples.  

All time indications apply to the relevant A burst, 

respectively.  

10 

When, in the following, mention is made of T burst, what 

will be meant by this is one of the two T bursts which have 

been programmed in.  

15 Fig. 10 shows time durations and distances within the burst 

multiplex.  

The relevant A burst exhibits the length of a burstlen, in 

B_cycles_48, which is shorter than the maximum length 

20 a burstmaxlen in B cycles_48 of the rel. A burst needs to 

be.  

The T burst exhibits the length of tburstlen in B_cycles, 

which is shorter than the maximum T-burst length 

25 tburstmaxlen, in B cycles, needs to be.  

The pause between the rear end of the rel. A burst and the 

beginning of the T burst should keep a specified value, 

even if A and/or T bursts of different lengths are used in 

30 the system. If the rel. A burst is made shorter or longer, 

this means that only its beginning, foremost stop, should 

be shifted accordingly. If the T burst is made shorter or 

longer, then consequently only its rear stop should shift 

accordingly.  

35 

The distance from the start of the relevant A burst to the 

start of the subsequent T burst may be adjusted using two 

parameters. The distance at dist from the triggering for



the generation of the A burst up to the start of the 
subsequent T burst is adjustable in the unit of S cycles.  
In addition, the initial delay a initdel from the 
triggering to the start of the rel. A burst, in accordance 

5 with the above definition, is adjustable within the unit of 
B_cycles. the actual distance from the beginning of the 
rel. A burst to the beginning of the T burst is thus 
atdist fs-cycles]-ainitdel [ Bcycles].  

10 For reasons of implementation, the distance at dist is 
present in the unit of S cycles.  

For reasons of implementation, the distance tburstperiod 
between the starts of two successive T bursts of an 

15 acquisition period is also adjustable in the unit of 
S cycles.  

The three burst distances are not freely adjustable, but 
must meet the following requirement: 

20 

ta dist + at dist = tburstperiod.  

The distance aburstperiod between the starts of the A 
bursts of two successive acquisition periods is not 

25 adjustable in the transmitter, but results from the other 
adjustable parameters: 

a_burstperiod[Scycles]=atmultipllen*tburstperiod 

[S_cycles] 

30 

In accordance with an underlying scheme which is based on a 
"prime number algorithm", specific burst repetition rates 
are allocated to the transmitter, which, however, are 
slightly different from transmitter to transmitter, rather 

35 than synchronized pseudo random patterns. Thus, this is a 
method in accordance with which the burst distances of a 
transmitter are randomly selected, so that there is no 
specific pattern of burst overlaps.



Of the two T bursts stored within the transmitter, one is 

always selected for emission. The selection is performed by 

means of a bit t choice, which is obtained from the counter 

5 atmultipl cntr using a programmable mask t choice mask in 

accordance with the following specification: 

t_choice = (tchoicemask[0] AND at multiplcntr[0] OR 

(tchoice mask[1] AND atmultipl_cntr[1].  

10 

Here, variable[0] represents bit No. 0 (i.e. the LSB) of a 
variable, and variable[1] represents bit No. 1, and 

further, AND or OR, respectively, represent AND or OR, 

respectively, in a bit-wise manner.  

15 

If tchoice has the value of 0, T burst 0 will be emitted; 

with t choice==1, T burst 1 will be emitted.  

Thus, T burst 0 will always be emitted for 

20 t choice mask==00 (LSB on the right-hand side).  

For tchoicemask==01, a shift is performed, after every T 

burst, between T burst 0 and T burst 1, starting with T 

burst 0 after the A burst.  

25 

For t choice mask==10, a shift is performed, after every 

other T burst, between T burst 0 and T burst 1, starting 

with T burst 0 after the A burst, i.e. what is emitted is: 

T burst 0, T burst 0, T burst 1, T burst 1, T burst 0, T 

30 burst 0, T burst 1, ...  

t choice mask==ll is not a sensible choice and must not be 

set.  

35 Two transmit antennas may be present within the 

transmitter. It is possible to either use both at the same 

time or to select only one of them. If both are to be used, 

a programmable bit two-ants (shown in Fig. 16af) is set to
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the value of 1. If twoants==0, only one of the two 
transmit antennas is selected for emission in each case.  
The selection is performed by means of a bit ant choice, 

which is obtained from the counter at_multiplcntr using a 

5 programmable mask ant choice mask (shown in Fig. 16d) in 

accordance with the following specification: 

ant-choice = (antchoice_mask[0] AND at multipicntr[0I 

OR 

10 (antchoicemask[l] AND atmultiplcntrfl]).  

Here, variable[0] represents bit No. 0, i.e. the LSB, of a 
variable, and variable[l] represents bit No. 1, and 

further, AND or OR, respectively, represent AND or OR, 
15 respectively, in a bit-wise manner.  

If ant choice has the value of 0, emission is performed on 

antenna 0; in the case of ant choice==1, emission is 

performed on antenna 1.  

20 

However, this only applies to two ants==0. With 

two ants==l, each burst is emitted on two antennas. For 

twoants==0, the following scheme results: 

25 For ant choice mask==00 (LSB on the right-hand side), 

emission is always performed on antenna 0.  

For antchoicemask==01, a shift is performed between 

antenna 0 and antenna 1 after every T burst, starting with 

30 antenna 0 for the A burst and the subsequent T burst.  

For antchoicemask==10, a shift is performed between 

antenna 0 and antenna 1 after every other T burst, starting 

with antenna 0 for the A burst and the subsequent T burst, 

35 i.e. emissions are successively conducted on: antenna 0, 
antenna 0, antenna 1, antenna 1, antenna 0, antenna 0, 

antenna 1,....
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antchoice mask==ll is not a sensible choice and must not 

be set.  

Figs. 10a - 10af define the variables defined in the 

5 preceding embodiment.  

Fig. 11 shows a block diagram of a receive means in 

accordance with an embodiment of the present invention 

comprising a receiver 1102, a correlator 1104 and a 

10 combiner 1106. The receiver 1102 of the receive device 1100 

is configured to receive receive sequences of a 

transmitter. In this embodiment, receiver 1102 is 

configured to receive a first receive sequence 1110 and a 
second receive sequence 1112. The receiver 1102 is 

15 configured to provide the receive sequences received to the 

correlator. The correlator 1104 is configured to determine 

a first time of arrival 1120 of the first receive sequence 

1110 in the receive device 1100, and a second time of 

arrival 122 of the second receive sequence 1112 in the 

20 receive means 1100, and to provide them to the combiner 

106. The combiner 1106 is configured to combine the times 

of arrival 1120, 1122 with each other and to determine a 

combined time of arrival, in this case an averaged time of 

arrival 1125, and to provide it for further processing.  

25 

In accordance with one embodiment, only those times of 

arrival 1120, 1122 which have high quality values will be 

further used in the receiver. Alternatively, the quality 

values 1130, 1132 are taken into account in the combiner 

30 1106 via a weighting when calculating the averaged time of 

arrival 1125. This means that the weighting coefficient 

depends on the two quality values 1130, 1132. The higher 

the quality of the receive sequences 1110, 1112, or of the 

times of arrival 1120, 1122 determined therefrom, the 

35 higher the weighting in an averaging operation for 

determining the averaged time of arrival 125.
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The averaged time of arrival 1125 may result from an 
arithmetic averaging from the times of arrival 1120, 1122.  
If the quality values 1130, 1132 are taken into account in 
determining the averaged time of arrival 1125, the 

5 determination of the averaged time of arrival 1125 may be 
determined from an arithmetic averaging from the weighted 
times of arrival. To this end, the first time of arrival 
1120 may be weighted with the first quality value 1130, and 
the second time of arrival 1122 may be weighted with the 

10 second quality value 1132.  

For a navigation application for determining the 
transmitter location, several of the receive means 1100 
depicted in Fig. 11 may be combined with one another. Such 

15 a localization system may then comprise one of the transmit 
devices 200 shown in Figs. 2 and 3, as well as a receiver 
system consisting of a plurality of the receive means 100 
shown in Fig. 1. Such a system for determining a location 
of the transmit device 200 is shown in Fig. 12.  

20 

In accordance with this embodiment, the receiver system 
comprises a first receive means 1100a and a second receive 
means 1100b. Both receive means 1100a, 1100b are configured 
to receive the first receive sequence 110 and the second 

25 receive sequence 1112. The receive sequences 1110, 1112 
correspond to the transmit sequences 1240, 1242 which were 
emitted by the transmit device 1200 and transmitted to the 
receive means 1100a, 1100b via transmission channels. The 
first receive means 1100a is configured to provide a first 

30 averaged time of arrival 1125a to an evaluation means 1472, 

and the second receive means 1100b is configured to provide 
a second averaged time of arrival 1125b to the evaluation 
means 1472. The evaluation means 1472 is configured to 
determine the location of the transmitter 1474 from the 

35 averaged times of arrival 1125a, 1125b. The determination 
of the location on the part of the evaluation means 1472 
may be effected by a comparison of the run times of the 
receive sequences 1110, 1112 from the transmit device 1200



to the receive means 1100a, 1100b. Typically, a positioning 
system comprises more than two receive devices.  

In accordance with one embodiment, the receiver system 
5 comprises a clock generator and a trigger generator, the 

signals of which are provided to the receive means 1100a, 
1100b via an optical network. It is the purpose of the 
trigger to cause all time-of-arrival time counters in the 
receive means 1100a, 1100b to start in a synchronized 

10 manner.  

In the localization application depicted in Eig. 12, in 
turn, quality values may be calculated for evaluating the 
multipath influence, and may be used for selecting the 

15 times of arrival used.  

The times of arrival 1125a, 1125b estimated in the 
receivers 1100a, 1100b are combined with one another in the 
evaluating means 1472 for calculating the location of the 

20 transmit device.  

The transmit devices, receive devices and receive means 
described may be combined with one another. In addition, 
specific features which are described for individual 

25 embodiments only may also be transferred to adequate 
embodiments.  

Depending on the circumstances, the inventive method may be 
implemented in hardware or in software. Implementation may 

30 be on a digital storage medium, in particular a disk or CD 
with electronically readable control signals which may 
interact with a programmable computer system such that the 
respective method is performed. Generally, the invention 
thus also consists in a computer program product with a 

35 program code, stored on a machine-readable carrier, for 
performing the inventive method, when the computer program 
product runs on a computer. In other words, the invention 
may thus be realized as a computer program having a program
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code for performing the method, when the computer program 

runs on a computer.  

In the claims which follow and in the preceding description 

5 of the invention, except where the context requires 

otherwise due to express language or necessary implication, 

the word "comprise" or variations such as "comprises" or 

"comprising" is used in an inclusive sense, i.e. to specify 

the presence of the stated features but not to preclude the 

10 presence or addition of further features in various 

embodiments of the invention.  

It is to be understood that, if any prior art publication 

is referred to herein, such reference does not constitute 
15 an admission that the publication forms a part of the 

common general knowledge in the art, in Australia or any 

other country.  

2227984_1 (GHMatters) 24/03,2010
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Claims 

1. A communication system comprising: 

5 

a transmitter device comprising a transmitter for 

sending out a first transmit sequence and a second 
transmit sequence, the transmitter device being 

constructed so that each transmit sequence 

10 (i) exhibits a different time signal and a different 

spectrum or 

(ii) is sent by a different one of two antennas of the 

transmitter device; and 

15 a receive device for determining a location of the 
transmitter device, the receive device comprising: 

an evaluation means configured to determine a 

first location of the transmitter device from a 
20 time of arrival of a first receive sequence, and 

a second location of the transmitter device from 
a time of arrival of a second receive sequence, 
the receive sequences corresponding to the 

different transmitted transmit sequences of the 
25 transmitter device; and 

a combiner configured to determine the location 
of the transmitter device from the first location 

and the second location.  

30 

2. The communication system as claimed in claim 1, 

wherein the receive device further comprises: 

a receiver configured to receive the first receive 
35 sequence and the second receive sequence, each of the 

receive sequences comprising a plurality of successive 
values, and the receiver comprising a correlator 

configured to determine the time of arrival of the 

2227984.1 (GHMallers) 24/0312010
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first receive sequence and the time of arrival of the 

second receive sequence.  

3. The communication system as claimed in claim 1, 

5 wherein the combiner is configured to determine the 

location from an arithmetic averaging of the first 

location and the second location.  

4. The communication system as claimed in any one of the 

10 previous claims, wherein the correlator is configured 

to determine a first quality value of the first 

receive sequence and a second quality value of the 

second receive sequence, and wherein the combiner is 

configured to include the quality values in the 

15 determination of the location by means of weighting.  

5. The communication system as claimed in claim 4, 

wherein the combiner is configured to weight the first 

location with the first quality value, and the second 

20 location with the second quality value, and to 

determine the location from averaging the weighted 

first location and the weighted second location.  

6. The communication system as claimed in claim 4 or 5, 
25 wherein the correlator is configured to determine a 

signal/noise ratio of the receive sequences and to 

provide the signal/noise ratio of the receive 

sequences as a quality value.  

30 7. The communication system as claimed in claim 4 or 5, 
wherein the correlator is configured to determine a 

multipath influence on the receive sequences and to 
provide the multipath influence on the receive 

sequences as a quality value.  

35 

8. The communication system as claimed in any one of the 

previous claims, wherein the correlator is configured 

to determine the first time of arrival from a 

2227964_1 (GHMatters) 24103/2010
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correlation of the first receive sequence with a first 

transmit sequence, and the second time of arrival from 

a correlation of the second receive sequence with a 
second transmit sequence.  

5 

9. The communication system as claimed in claim 8, 

wherein the first receive sequence and the second 

receive sequence arrive at the receiver in a 

predetermined succession, and wherein the correlator 
10 is configured to provide the first transmit sequence 

and the second transmit sequence in the predetermined 
succession.  

10. The communication system as claimed in claim 8 or 9, 
15 wherein the receiver is configured to receive a 

synchronization sequence, and wherein the correlator 
is formed to provide, in response to reception of the 

synchronization sequence, the first transmit sequence 
and the second transmit sequence in the predetermined 

20 succession for correlation.  

11. The communication system as claimed in any one of 

claims 2 to 10, wherein the successive values of the 
first receive sequence differ from the successive 

25 values of the second receive sequence.  

12. The communication system as claimed in any one of the 

previous claims, wherein the first receive sequence 
and the second receive sequence comprise different 

30 spectral properties.  

13. The communication system as claimed in any one of the 

previous claims, wherein the first receive sequence 
and/or the second receive sequence corresponds to a 

35 differentiated Gauss transmit pulse, a band-limited 

Gauss transmit pulse or a root raised cosine burst.  

22279841 (GHMatters) 24/03/2010
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14. The communication system as claimed in any one of the 

previous claims, wherein the receiver is further 

configured to receive a further receive sequence, and 

wherein the correlator is configured to determine a 
5 further time of arrival of the further receive 

sequence, and wherein the evaluation means is 

configured to determine a further location of the 

transmitter device from the time of arrival of the 

further receive sequence, and wherein the combiner is 

10 formed to determine the location of the transmitter 

device from the first, second and further locations.  

15. The communication system as claimed in any one of the 

previous claims, wherein the evaluation means is 

15 configured to determine the first location of the 

transmitter device from the time of arrival of the 

first receive sequence and from a further time of 

arrival of the first receive sequence, and to 

determine the second location of the transmitter 

20 device from the time of arrival of the second receive 

sequence and from a further time of arrival of the 
second receive sequence.  

16. The communication system as claimed in claim 15, 
25 wherein the receive device comprises a further 

receiver configured to receive the first receive 

sequence and the second receive sequence, the further 
receiver comprising a further correlator configured to 

determine the further time of arrival of the first 
30 receive sequence, and the further time of arrival of 

the second receive sequence.  

17. The communication system as claimed in any one of the 

previous claims, wherein the transmitter device 
35 comprises a first antenna, and wherein the transmitter 

is configured to send out the first transmit sequence 
and the second transmit sequence via the first antenna 

in accordance with a predetermined succession.  

2227964_1 (GHMatters) 24/03/2010
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18. The communication system as claimed in any one of the 

previous claims, wherein the transmitter device 

comprises a first antenna and a second antenna, and 
5 wherein the transmitter is configured to send out, in 

accordance with a predetermined succession, the first 

transmit sequence via the first antenna and the second 

transmit sequence via the second antenna.  

10 19. A method for determining a location of a transmitter 

device, comprising: 

receiving a first time of arrival of a first receive 

sequence, and a second time of arrival of a second 
15 receive sequence, the receive sequences corresponding 

to different transmitted transmit sequences of the 

transmitter device, wherein each transmit sequence 

(i) exhibits a different time signal and a different 

spectrum or 

20 (ii) is sent by a different one of two antennas of the 

transmitter device; 

determining a first location of the transmitter device 

from the time of arrival of the first receive 

25 sequence, and a second location of the transmitter 
device from the time of arrival of the second receive 
sequence; and 

determining the location of the transmitter device 
30 from the first and second locations.  

20. A computer program comprising a program code for 

performing the method as claimed in claim 19, when the 

computer program runs on a computer.  

35 

2227964_1 (GHMatte) 24/03/2010
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