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(57) ABSTRACT

A mobile unit as well as a method for time-stamping a first
message of the first mobile unit to a second mobile unit are
provided. The method includes the steps of: determining a
roundtrip time between the first mobile unit and a base
station, receiving the first message sent by the first mobile
unit in the base station, adding a timestamp to the first
message in the base station while taking into account the
roundtrip time, and sending the time-stamped first message
to the second mobile unit.

10 Claims, 2 Drawing Sheets
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1
MOBILE UNIT AND METHOD FOR
TIMESTAMPING A MESSAGE EXCHANGED
WITH THE MOBILE UNIT

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. § 119
from German Patent Application No. 10 2013 225 520.9,
filed Dec. 11, 2013, the entire disclosure of which is herein
expressly incorporated by reference.

BACKGROUND AND SUMMARY OF THE
INVENTION

Currently, a plurality of sensors already exist which
acquire information in and around the vehicle and make this
information available for further processing. These include,
among others, sensors for the acquisition of dynamic objects
in the vehicle environment. As a rule, the information
obtained in this manner contains a vehicle-specific time-
stamp. A timestamp is required in order to mutually merge
the results of the different sensors. Assistance functions also
require a uniform time base in all components for the
purpose of homogenizing and, as a whole, utilizing the
information of several separate system components (differ-
ent vehicles, infrastructure devices, etc.)

Only in this manner can a temporal relationship be
established between data of different system components.
One corresponding example is the perception relating to all
vehicles by which environment models of vehicles and
infrastructure units are communicated to other traffic par-
ticipants and are associated and merged there with the results
of the local environment acquisition. When information
from a vehicle or from infrastructure units is transmitted to
other communication partners (Car2X), existing methods, as
a rule, use NTP-based time bases (such as NTP for the
synchronization between server clusters) or the global time-
stamp of a GPS receiver. A GPS timestamp, as provided by
a GPS receiver, under optimal conditions, will indicate the
measuring point in time of the satellite signals with a
precision of a few nanoseconds. However, because of the
receiver-internal processing time, similarly to the above-
mentioned sensors, this timestamp will only be available
after an, as a rule, fluctuating processing time. This process-
ing time may range from up to 100 ms to more than 100 ms.
When this timestamp is used for synchronizing other units,
this processing time will result in an equally high uncer-
tainty. For example, at a vehicle speed of 30 m/s, this results
in an error of more than 3 m. Furthermore, the GPS
timestamp is only available with an updating rate of 1 to 20
Hz.

The performance of a time synchronization by means of
an NTP server is, among other things, coupled to the
efficiency of the basic operating system of the client to be
synchronized (for example, Windows) and to the utilization
of the server network. As a function of the time behavior of
these two components, different uncertainties and time
delays may arise. In order to synchronize two computers
(NTP server and NTP client), which are mutually connected
by a network (for example, the Internet), the NTP will
measure the roundtrip delay of packets between the NTP
server and the client. The NTP is based on the assumption
that the transmission latency between the server and the
client has the same length and is therefore in each case half
the roundtrip delay.
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However, in connection with the above-mentioned solu-
tions, it is problematic that the availability for the time
synchronization is not sufficient for security applications.
Thus, for example, a GPS-based time base cannot be syn-
chronized in the case of a system start in a blocked area (for
example, in an underground garage or a street canyon
between tall buildings). On the other hand, NTP servers,
which synchronize themselves, for example, by way of the
power supply system, are susceptible to power outages.

It is therefore an object of the present invention to
eliminate the above-mentioned problems at the signal
exchange between two mobile units. For this purpose, a
method is provided for time-stamping a first message of a
first mobile unit to a second mobile unit. In addition, a
corresponding mobile unit is provided. According to the
method of the invention, a roundtrip time is determined
between the first mobile unit and a base station. The round-
trip time relates to that communication path that is provided
for the first message. The determination of the roundtrip
time can take place in the base station, which base station is
further developed, for example, as part of a terrestrial mobile
communication system. Such base stations are, for example,
called “NodeB” or “eNodeB”. After the roundtrip time has
been determined, the first message sent by the first mobile
unit will be received in the base station. This message may,
for example, contain information that is based on sensor
signals of the first mobile unit. Such sensor signals may, for
example, represent collision-relevant information which is
forwarded to additional mobile units by way of the base
station. Since, as initially mentioned, a common time base of
the mobile units is required or information for the integra-
tion of the content of the message in a common time context,
according to the invention, while taking into account the
roundtrip time, a timestamp is added to the first message.
The timestamp may be added by using a time base deter-
mined within the base station.

In particular, the taking into account of the roundtrip time
takes place such that the timestamp permits a conclusion as
to the point in time at which the first message or the
information contained therein had been created. When the
time-stamped first message is subsequently sent to the
second mobile unit, the second mobile unit can check and
correspondingly interpret the contained data with respect to
their age by using an own time base. The second mobile unit
can, for example, extrapolate sensor data as well as a vehicle
speed, which are contained within the first message, in order
to estimate a change of the data while taking into account the
travel time of the first message. For example, collision-
relevant traffic situations can be interpreted by way of speed
and range information in the first message by means of the
timestamp and can therefore be processed for creating a
more precise image of the vehicle environment.

The present invention therefore has the advantage, among
others, that information exchanged between all involved
vehicles concerning environment information and traffic
situations has a higher added value because it permits
credible conclusions for the recipient.

Preferably, the roundtrip time can already be determined
in the base station, before the receiving of the message sent
by the first mobile unit, by way of a second message sent
from the base station and/or from the first mobile unit. This
can, for example, take place cyclically in order to always
have a suitable roundtrip time available between a base
station and a respective mobile unit for a possibly required
time-stamping. The second message for determining the
roundtrip time may, for example, be a simple ping, as used
between the NTP server and the NTP client in computer
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networks for determining a transmission latency. It is, for
example, also contemplated that a respective mobile unit
cyclically determines a roundtrip time and adds the round-
trip time when sending the first message to the base station.
In this manner, by means of its own time base in connection
with the roundtrip time, the base station can add a suitable
timestamp, in which case, in the base station, particularly the
information for the roundtrip time can be exchanged against
the timestamp, whereby transmission bandwidth is saved.
When the roundtrip time is determined only in an event-
based manner, thus only just before a sensor signal is to be
sent as a first message, communication expenditures by
cyclical roundtrip determination can additionally be
avoided.

The first mobile unit and the second mobile unit may be
developed as passenger cars, as unmanned transport units, as
watercraft or aircraft. In particular, vehicles authorized to be
driven on roads (irrespective of their drive concept) are
addressed, because the unpredictably changeable conditions
with respect to the communication infrastructure available to
them make a time-stamping by a base station seem advan-
tageous without these limitations. Even when a vehicle as
the mobile unit is shielded in an underground garage from
satellite-based locating signals and therefore has no access
to a global time base, the sending of a sensor signal on the
basis of the present invention can provide sensor signals, for
example, by way of terrestrial mobile communication infra-
structures, which can be analyzed by additional mobile
units.

Information, which is sent by the first mobile unit in the
form of the first message to the base station or to a second
mobile unit, may be determined, for example, by use of
ultrasound, lidar, radar or laser sensors. In addition or as an
alternative, the first message may also contain speed or
location information of the first mobile unit which, after a
delayed reception by a second mobile unit, can be appro-
priately interpreted on the basis of the timestamp.

In order to carry out the time-stamping within the base
station in a particularly reliable and exact manner, the base
station may be equipped for receiving time signals concern-
ing different communication paths from the same or from
different time sources. For example, a first signal can be
determined by a receiver of a satellite-based locating system.
This receiver may have a higher-value design than receivers
used in mass-produced articles (such as vehicles, navigation
systems, smartphones, etc.). In this manner, a highly accu-
rate interpretation of the time base of one or more satellites
becomes possible.

For consolidating the time signal, a second time base is
received, for example, by way of a terrestrial mobile com-
munication system (GSM, EDGE, UMTS, LTE LTE-A, etc.)
or by way of a local access point (such as an access point of
a WiFi network). Theoretically, other globally available
systems with a known time behavior may also be used.
Naturally, signals received from additional transmitters or
sources can also be taken into account for creating the time
base. On the basis of the available time base signals, a time
base is determined for the base station, and the first message
is provided with a timestamp by using the time base. For
determining the time base from several signals, for example,
a maximal-value function can be applied to time signals
received within a predefined time period. When, for
example, within an interval of 10 ms, the signal of two
different sources is received, during the subsequent creation
of the time stamp, that time signal can be used that has the
higher amount. The present time signal having the highest
amount is probably subjected to the lowest transmission
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latency, so that it represents the most reliable starting point
for providing the time base. In this manner, the respective
time base having the lowest tolerance can be established
particularly in the case of fluctuating transmission condi-
tions of different possible time signals. Also the time stamp
and the information contained in the first message therefore
have the highest possible quality.

According to a second aspect of the present invention, a
mobile unit is provided which is further developed particu-
larly as a road vehicle (for example, a passenger car). The
mobile unit comprises a sensor which is implemented, for
example, as an environment sensor. Concerning the operat-
ing principles of the environment sensor system, reference is
made to the examples described in connection with first-
mentioned aspect of the invention. In addition, the mobile
unit comprises a send-receive (transceiver) unit which can,
for example, exchange wireless signals with a base station
and/or with other mobile units. According to the invention,
the mobile unit is equipped for picking up a collision-
relevant environment signal by use of sensors, which envi-
ronment signal is potentially of interest also to a second
mobile unit. Furthermore, by way of the send-receive unit,
the mobile unit is able to carry out a roundtrip time deter-
mination while interacting with a base station and support-
ing this roundtrip time determination. The send-receive unit
also has the purpose of sending the signal picked up by use
of the sensor and possibly a determined roundtrip time by
way of the base station to a second mobile unit. The
characteristics, the combination of characteristics and the
advantages resulting therefrom correspond to those indi-
cated in connection with the first-mentioned aspect of the
invention such that reference is made to the previous state-
ments in order to avoid repetitions.

Other objects, advantages and novel features of the pres-
ent invention will become apparent from the following
detailed description of one or more preferred embodiments
when considered in conjunction with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic operational overview of exemplary
components used in carrying out an embodiment of a
method according to the invention; and

FIG. 2 is a schematic flow chart illustrating steps of an
embodiment of a method according to the invention.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a setting, in which two vehicles 10, 20
communicate as mobile units by way of a base station 2.
Furthermore, the base station 2 is connected with a satellite
1 and a transmitting tower 3 of a radio transmitter. By way
of the satellite 1, the base station 2 receives a first time
signal, which, in the example, reads 1:23:45. By way of the
transmitting tower 3 of the radio transmitter, the base station
2 receives another time signal which, in the example, reads
1:23:46. In other words, the time signal received by way of
the transmitting tower 3 has a higher value, which implies a
shorter transmission duration. As a result, the time signal of
the transmitting tower 3 is more up-to-date and is used as the
time base within the base station 2. The first vehicle 10, as
the first mobile unit, includes an ultrasound sensor 11 as an
environment sensor, which is in data communication with an
analyzing unit 12. The analyzing unit 12 determines colli-
sion-relevant environment objects and, if required, forwards
corresponding information to a send-receive (transceiver)
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unit 13. The send-receive unit 13 is equipped for determin-
ing a roundtrip time between the first vehicle 10 and the base
station 2. For this purpose, the send-receive unit 13 sends a
ping 7 by way of an antenna 14 to that base station 2 which
answers by means of a response 7'. From the time delay
between the sending of the ping 7 and the reception of the
response 7', the send-receive unit 13 determines the round-
trip time, which in the example amounts to 0:00:04, and is
sent in a field location 5 of a message 4 as a first message
to the base station 2. The message 4 further includes a data
field 6, in which is contained the information determined by
way of the ultrasound sensor 11.

Since the roundtrip time between the first vehicle 10 and
the base station 2 is not required for the second vehicle 20,
but a global time base is required for the analysis of the
sensor signals, the base station 2 replaces the roundtrip time
in the field location 5 of the message 4, before sending the
message 4' to the second vehicle 20, by using the determined
time base. In this case, the base station 2 subtracts half the
roundtrip time, in order to assign its probable origination
point in time to the data contained in the data field 6.
Correspondingly, the timestamp 1:23:44 (specifically 1:23:
46-(0:00:04)/2=1:23:44) is contained in the message 4'. The
data field 6 is contained in an essentially unchanged form.
The second vehicle 20 receives the second message 4' by
way of the antenna 24 and its send-receive (transceiver) unit
23 and analyzes the second message 4' inside an analyzing
unit 22. Naturally, the second vehicle 20 itself could also
have sensors (not shown) in order to be able to be used as
a first vehicle in a method according to the invention.

FIG. 2 is a flow chart showing steps of an embodiment of
a method according to the invention. In Step 100, a first
signal for determining a time base is received from a first
transmitter by the base station. Correspondingly, a second
signal for procuring a time base is received from a second
transmitter by the base station in Step 200. In Step 300, a
time base for the base station is determined from the
received time base signals (for example, by using a maxi-
mal-value function). In order to correctly carry out the
time-stamping, a roundtrip time is to be additionally deter-
mined. For this purpose, a message is sent back and forth
between a first mobile unit and the base station in Step 400,
and the elapsed time is determined for the entire roundtrip
(possibly including an intermediate storage time). Subse-
quently, in Step 500, a sensor signal, which had been
generated within the first mobile unit, will be sent in the
form of a first message to the base station. This first message
can contain a value determined for the roundtrip time. In
response to the reception of the first message in the base
station, a timestamp is added to the first message in Step
600, which timestamp may, for example, replace the value
for the roundtrip time. If the roundtrip time had been
determined in the base station, the base station can insert the
timestamp cleared of the roundtrip time in a hitherto blank
data field and, in Step 700, forward the first message with the
added timestamp to the second mobile unit. The second
mobile unit can now evaluate the added timestamp in view
of an own time base and determine the entire transmission
time of the first message. In other words, the origination
point in time of the sensor data contained in the first message
can be reconstructed and be taken into account during their
evaluation. A possibility can thereby be created according to
the invention of sending sensor data from one mobile unit to
a second mobile unit, without the transmission time leading
to unnecessarily high tolerances during the evaluation.
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3 Transmission tower of a radio transmitter
4 First message (without a timestamp)
4' First message (with a timestamp)
5 Data field for roundtrip time
5' Data field for timestamp
6 Data field for sensor data
7 Ping
7' Response
10 First vehicle
11 Ultrasound sensor
12 Analyzing unit
13 Send-receive unit
14 Antenna
20 Second vehicle
22 Analyzing unit
23 Send-receive unit
24 Antenna
100, 700 Method steps
The foregoing disclosure has been set forth merely to
illustrate the invention and is not intended to be limiting.
Since modifications of the disclosed embodiments incorpo-
rating the spirit and substance of the invention may occur to
persons skilled in the art, the invention should be construed
to include everything within the scope of the appended
claims and equivalents thereof.

What is claimed is:

1. A method for time-stamping messages sent to mobile
units, the method comprising the acts of:

determining, by a first mobile unit, a roundtrip time of a

message between the first mobile unit and a base
station;
sending to the base station by the first mobile unit a first
message including at least the roundtrip time;

receiving at the base station the first message and a first
time stamp generated from at least one of a transmitting
tower and a satellite;

generating a second time stamp for a second message to

be sent to a second mobile unit by subtracting from the
first time stamp having the latest time value one half of
the roundtrip time; and

sending the second message to the second mobile unit, the

second message including at least the second time
stamp.

2. The method according to claim 1, wherein:

the first mobile unit is a transportation unit, and/or

the first message comprises information determined via a

Sensor.

3. The method according to claim 2, wherein:

the second mobile unit is a transportation unit, and/or

the sensor is an environment sensor.

4. The method according to claim 1, wherein the act of
determining the roundtrip time is carried out at predefined
points-in-time.

5. The method according to claim 1, wherein the act of
determining the roundtrip time is carried out in response to
predefined events.

6. The method according to claim 1, wherein

the base station receives a first signal from a first trans-

mitter for creating a time base, and

the base station receives a second signal from a second

transmitter for creating the time base.

7. The method according to claim 6, wherein:

the first signal originates from a satellite-based location

system, and/or

the second signal originates from a mobile communica-

tion system.
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8. The method according to claim 7, wherein the mobile
communication system operates according to at least one of
GSM, EDGE, UMTS, LTE, LTE-A, or WiFi standards.

9. The method according to claim 7, further comprising
the acts of:

applying a maximal-value function to time signals

received in a predefined time period from the first
transmitter and from the second transmitter in order to
determine a communication path having a shortest
transmission duration; and

using the time signal received via the communication path

having the shortest transmission duration as the time
base in the base station.

10. A mobile system, comprising:

a first mobile unit;

a second mobile unit;

a base station; and

at least one of a transmitting tower and a satellite, wherein
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the first mobile unit is configured to determine a
roundtrip time of a message between the first mobile
unit and the base station,

the first mobile unit is configured to send to the base
station a first message including at least the roundtrip
time,

the base station is configured to receive the first mes-
sage and a first time stamp generated from the at least
one of the transmitting tower and the satellite,

a second time stamp is generated for a second message
to be sent to the second mobile unit by subtracting
from the first time stamp having the latest time value
one half of the roundtrip time, and

the second message is sent to the second mobile unit,
the second message including at least the second
time stamp.



