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METHOD FOR WIRELESS DATA TRANSMISSION 

[0001] This nonprovisional application claims priority 
under 35 U.S.C. § 119(a) on German Patent Application No. 
DE 1020040193096, Which Was ?led in Germany on Apr. 
14, 2004, and Which is herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a method for 
Wireless data transmission betWeen a base station and one or 
more transponders. 

[0004] 2. Description of the Background Art 

[0005] Transmission methods betWeen one or more base 
stations, or readers, and one or more transponders are used 
in, for example, contactless identi?cation systems or radio 
frequency identi?cation (RFID) systems. Sensors, for 
eXample for temperature measurement, may also be inte 
grated in the transponders. Such transponders are typically 
also referred to as remote sensors. 

[0006] Transponders and their transmitting and receiving 
devices customarily do not have an active transmitter for 
data transmission to the base station. Such non-active sys 
tems are called passive systems if they do not have their oWn 
energy supply, and semi-passive systems if they have their 
oWn energy supply. Passive transponders take the energy 
they require for their supply from the electromagnetic ?eld 
emitted by the base station. 

[0007] In general, backscatter coupling is used to transmit 
data from a transponder to the base station using UHF or 
microWaves in the far ?eld of the base station. To this end, 
the base station emits electromagnetic carrier Waves, Which 
the transmitting and receiving device in the transponder 
modulates and re?ects appropriately for the data to be 
transmitted to the base station using a modulation method. 
The typical modulation methods for this purpose are ampli 
tude modulation, phase modulation and amplitude shift 
keying (ASK) subcarrier modulation, in Which the fre 
quency or the phase position of the subcarrier is changed. 

[0008] In German patent application 102 04 347, and in 
DE 101 38 217 A1 (Which corresponds to US. Publication 
No. 20030133435, and Which is incorporated herein by 
reference), methods for Wireless data transmission betWeen 
a base station and a transponder are described in Which data 
packets to be transmitted comprise a header section, a data 
section With useful data to be transmitted, and a trailer 
section. The header section serves to set one or more 

transmission parameters, in particular, symbols that are 
found in the header section of the data packet are used for 
encoding and transmitting the useful data requiring trans 
mission. In this conteXt, a symbol is used to de?ne or 
interpret the value of a character. 

[0009] Such a symbol is customarily represented With the 
aid of a time interval betWeen tWo sequential symbol delim 
iters or ?eld gaps, or so-called “notches,” in the header 
section. With amplitude modulation, such a symbol delim 
iter can be created, for eXample, by suppressing or blanking 
the carrier signal. Another option for amplitude modulation 
is What is called double-sideband modulation having a 
suppressed carrier, in Which the frequency of the carrier 
signal in the resulting spectrum is suppressed. The transpon 
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der decodes received data packets on the basis of the 
symbols contained in the header section, or using the time 
periods associated With the symbols, in that it determines the 
value of a character by comparing its time period With the 
time periods of the symbols. 

[0010] The symbol delimiters are typically detected in the 
transponder using What are knoWn as receiver signal 
strength indicator (RSSI) circuits. RSSI circuits recogniZe 
an attenuation of the ?eld emitted by the base station and 
then generate a suitable signal for analysis in the transpon 
der. As a result of interference sources in the environment of 
RFID systems, for eXample conventional GSM-based 
mobile radio systems, it is possible for the transponder to 
incorrectly detect symbol delimiters that Were not generated 
by the base station. Another cause for the occurrence of such 
interference can be a frequency jump in the electromagnetic 
?eld emitted by the base station When a frequency hopping 
mechanism is used. Motion of the transponder in the envi 
ronment of the base station can also cause the detection of 
a symbol delimiter as a result of the prevailing ?eld strength 
distribution. 

[0011] When such interference occurs during a data trans 
mission or during a message betWeen the base station and 
the transponder, the result is generally CRC errors or bit 
count errors, Which communication participants detect in the 
security layers of the transmission protocol. The communi 
cation participants may then repeat the faulty message, for 
eXample. 
[0012] When a symbol delimiter is incorrectly detected 
outside of a message, the transponder typically interprets 
this as the start of a message. The transponder then Waits for 
subsequent symbol delimiters in order to process the mes 
sage. Since no symbol delimiters are transmitted by the base 
station in this case, a blockage in a receiver unit of the 
transponder occurs. In order to avoid such blockages, moni 
toring is performed in the transponder during the data 
transmission, ie at least after the receipt of a ?rst symbol 
delimiter, to determine Whether a time period betWeen tWo 
successive symbol delimiters transmitted by the base station 
eXceeds a maXimum time or Whether no additional symbol 
delimiters are received Within the maXimum time. If the 
maXimum time is exceeded, the receiver unit of the tran 
sponder is reset. In this Way, a blockage or lock-up of the 
receiver unit resulting from an incorrectly received symbol 
delimiter is prevented. 

[0013] The maXimum time is typically chosen statically 
such that Worst case conditions are satis?ed. To this end, the 
maXimum time is set to a long duration, With the result that 
a correspondingly long time elapses betWeen the occurrence 
of interference and the resetting of the receiver unit. Thus, 
data throughput decreases. 

SUMMARY OF THE INVENTION 

[0014] It is therefore an object of the present invention to 
provide a method that avoids blockage of the receiver unit 
in an environment Where interference is present and is easy 
to implement While at the same time ensuring high data 
throughput betWeen a base station and a transponder. 

[0015] In the method according to an eXample embodi 
ment of the invention, a maXimum time can be determined 
in the transponder using at least one symbol of a header 
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section. This permits dynamic adaptation of the maximum 
time, and thus the possible data throughput, to the transmis 
sion conditions prevailing at the moment. The selection of 
the maximum time need no longer be made based on Worst 
case conditions, but instead can be done adaptively and thus 
in a manner optimally matched to the transmission condi 
tions. 

[0016] The maximum time can be determined by multi 
plying the value of the at least one symbol by a factor. As a 
result, the maximum time can be set to be larger than the 
corresponding value or values of the symbols, for example. 
Consequently, this reduces the transmission time of the 
header section, since only a fraction of the maximum time 
needs to be transmitted. Preferably the multiplication is 
performed by a factor of 2“, With n=1, 2, . . . . Multiplication 
of this nature is easy to realiZe through an appropriate shift 
operation in the transponder. 

[0017] The maximum time determined can be compared in 
the transponder to a maximum permissible value, and if this 
value is exceeded, the time is limited to the maximum 
permissible value. The effect of, for example, a transmission 
error during transmission of the symbol or symbols can be 
minimiZed in this Way. In addition, a standard setting can be 
forced by this means. 

[0018] The maximum time can be initialiZed using a ?rst 
symbol in the header section, and tracked as a function of 
one or more subsequent symbols in this header section. This 
permits reliable monitoring of the time periods betWeen tWo 
successive symbol delimiters as soon as the ?rst symbol has 
been received, While tracking, for example an increase in the 
maximum time, can take place on the basis of the subsequent 
symbols. The tracking can also extend across multiple 
successive data packets. 

[0019] The at least one symbol can be coded using the 
period betWeen tWo successive symbol delimiters of the 
header section. This permits a coding of the symbol or 
symbols that is easy to implement and analyZe. 

[0020] The monitoring of Whether the maximum time is 
exceeded by the time period betWeen tWo successive symbol 
delimiters transmitted by the base station can be deactivated 
during speci?able operating phases of the base station and/or 
transponder, in particular during an asynchronous data trans 
mission. During an asynchronous data transmission, no 
symbol delimiters are transmitted by the base station. The 
deactivatable monitoring permits an asynchronous operation 
or a dynamic sWitchover betWeen synchronous and asyn 
chronous operation Without requiring the receiver unit to be 
reset as a result of an absence of the symbol delimiter 
information. 

[0021] The value of at least one symbol can be stored in 
the transponder. The at least one symbol can be advanta 
geously stored in the form of a voltage level of a storage 
capacitor and/or in the form of a count state of a digital 
counter. This makes it possible to store the value or values 
of the symbol or symbols in a simple manner, especially 
When it or they are encoded using the period betWeen tWo 
successive symbol delimiters of the header section. 

[0022] Further scope of applicability of the present inven 
tion Will become apparent from the detailed description 
given hereinafter. HoWever, it should be understood that the 
detailed description and speci?c examples, While indicating 
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preferred embodiments of the invention, are given by Way of 
illustration only, since various changes and modi?cations 
Within the spirit and scope of the invention Will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] he present invention Will become more fully under 
stood from the detailed description given hereinbeloW and 
the accompanying draWings Which are given by Way of 
illustration only, and thus, are not limitive of the present 
invention, and Wherein: 

[0024] FIG. 1 is a timing diagram of a data packet having 
a header section, a data section and a trailer section, accord 
ing to an example embodiment; 

[0025] FIG. 2 is a timing diagram of a header section of 
a data packet, according to an example embodiment; and 

[0026] FIG. 3 is a state diagram of a receiver unit of a 
transponder, according to an example embodiment. 

DETAILED DESCRIPTION 

[0027] FIG. 1 illustrates a data packet DP that is trans 
mitted from a base station to one or more transponders. The 
data packet includes a header section KA, folloWed by a data 
section DA With useful data to be transmitted, and a trailer 
section EA. To transmit data from the base station to the 
transponder or transponders, the base station emits electro 
magnetic carrier Waves, on Which the data packets DP are 
modulated. Data transmission from the transponder or tran 
sponders to the base station can take place through modu 
lation and backscattering of the electromagnetic carrier 
Waves. The header section can encompass symbols that 
function to set or control the data transmission betWeen the 
transponder and the base station. 

[0028] FIG. 2 shoWs a diagram of the timing character 
istics of the header section KA from FIG. 1 as the output 
signal of an RSSI circuit of a transponder. The header 
section KA that is shoWn contains tWo symbols 0* and 
EOT* for the purpose of setting transmission parameters. 
The symbols 0* and EOT* are represented by the time 
period betWeen successive symbol delimiters SM, or 
“notches,” in the header section KA, Which are produced by 
modulation of the carrier signal emitted by the base station 
BS. The symbol delimiters SM are represented in FIG. 2 as 
short pulses. 

[0029] The ?rst symbol 0* has a period t1 and the second 
symbol EOT* has a period t2, Where the time periods t1 and 
t2 are determined by a time measurement unit in the tran 
sponder. If the time measurement unit is implemented as a 
digital counter circuit, the counter values associated With the 
time periods t1 and t2 are each stored in an associated 
memory. If the time measurement unit is implemented as an 
RC circuit, an achieved voltage value is stored in an analog 
memory in a similar fashion. 

[0030] The ?rst symbol 0*, or its period t1, is used to code 
or decode the binary characters “0” or “1” that make up the 
useful data to be transmitted Which is contained in the data 
section DA of the data packet DP. The symbol EOT* marks 
the end of a data packet and is transmitted in the trailer 
section of the data packet, for Which purpose any desired 
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signal forms derived from t2 can be used. Abinary character 
in the data section Whose period is less than the time period 
t1 belonging to the symbol 0* is interpreted as a “0” in the 
transponder TR. A character Whose period is greater than t1 
and less than the time period t2 belonging to the symbol 
EOT* is interpreted as a “1”. If the time separation betWeen 
tWo successive ?eld gaps is greater than t2, the transponder 
TR detects the end of a data packet. 

[0031] FIG. 3 shoWs a greatly simpli?ed state diagram of 
a receiver unit of a transponder. The state diagram shoWs 
states Z1 to Z5 and Zn. 

[0032] The state Z1 represents a base state of the receiver 
unit of the transponder, in Which state the beginning of a data 
packet DP is aWaited. In state Z1, When a symbol delimiter 
SM is detected, a state change to state Z2 occurs. 

[0033] In state Z2, the transponder Waits to receive the 
next symbol delimiter SM. Upon receiving the ?rst symbol 
delimiter SM, a counter is started Whose count state ZS 
corresponds to the elapsed Wait time. The count state ZS is 
continuously compared to a maximum value TMAX, Which 
corresponds to a maximum time or a maximum Wait time. 
When the maximum value TMAX is exceeded, the receiver 
unit of the transponder is reset, ie a state change back to 
state Z1 takes place. HoWever, in general an exceedance of 
this nature only takes place When the ?rst symbol delimiter 
SM Was not generated by the base station, but instead Was 
produced by interference. During interference-free transmis 
sion of a data packet DP, a resetting of the counter or the 
count state ZS occurs along With a change to a subsequent 
state. Upon startup or a poWer-up reset of the transponder, 
the maximum value TMAX is initialiZed to an initial value 
stored in the memory of the transponder. This initial value is 
overWritten after the reception of a ?rst data packet DP or 
after the reception of at least tWo symbol delimiters SM, i.e. 
typically starting from state Z3. 

[0034] When a symbol delimiter SM is received in state 
Z2 Within the maximum time TMAX, a state change to state 
Z3 takes place. In this context, the count state ZS of the 
counter represents the time period betWeen the ?rst and the 
second received symbol delimiters SM, Wherein the time 
period or the associated count state ZS encodes the symbol 
0*. The count state ZS is stored in the transponder in a 
register assigned to the symbol 0*. Moreover, the maximum 
value TMAX is determined using the symbol 0*, i.e., by 
multiplying the count state ZS associated With the symbol 0* 
by a poWer of tWo, for example 8. Multiplication by a poWer 
of tWo can be implemented by a simple shift operation. 
During the state Z3, in turn, the transponder monitors 
Whether the count state ZS exceeds the maximum value 
TMAX that Was determined as described above. In the event 
that the maximum value TMAX is exceeded, the receiver 
unit of the transponder is reset, ie a state change back to 
state Z1 takes place. 

[0035] When a symbol delimiter SM is received in state 
Z3 Within the maximum time TMAX, a state change to state 
Z4 takes place. The count state ZS of the counter noW 
represents the time period betWeen the second and third 
received symbol delimiters SM, Wherein the time period or 
the associated count state ZS encodes the symbol EOT*. The 
count state ZS is stored in the transponder in a register 
assigned to the symbol EOT*. Moreover, the maximum 
value TMAX is again determined using the symbol EOT*, 

Oct. 20, 2005 

i.e., by multiplying the count state ZS associated With the 
symbol EOT* by a poWer of tWo, for example 8. During the 
state Z4, in turn, the transponder monitors Whether the count 
state ZS exceeds the maximum value TMAX that Was 
determined as described above. In the event that the maxi 
mum value TMAX is exceeded, the receiver unit of the 
transponder is reset, ie a state change back to state Z1 takes 
place. 
[0036] When a symbol delimiter SM is received in state 
Z4 Within the maximum time TMAX, the header section 
ends and a state change to state Z5 takes place. In state Z5 
as Well as in subsequent states Zn, Which are not described 
in detail, the data section DA is received and decoded, and 
the end of the data packet DP is detected. 

[0037] In the example embodiment shoWn, the maximum 
time TMAX is initialiZed after a reset of the transponder 
using a stored value and is then calculated on reception of a 
?rst data packet using the symbol 0*, and subsequently 
using the symbol EOT*, of the header section KA. HoWever, 
it is also possible to calculate the maximum time on the basis 
of just one symbol alone, for example 0*. Moreover, it is 
also possible to introduce another symbol in the header 
section in order to set the maximum time TMAX. In all 
cases, the base station can set the maximum time TMAX 
appropriately for the transmission conditions it detects. 

[0038] When multiple data packets DP are received, a 
setting of the maximum time TMAX can take place using 
only one, for example the ?rst, received data packet DP, or 
the maximum time TMAX can be calculated aneW With each 
received data packet DP. 

[0039] The example embodiment clari?es the inventive 
method using a data transmission from the base station 
toWard the transponder. Naturally, it can also be applied 
Within the scope of a data transmission from the transponder 
toWard the base station When this data transmission is 
initiated by the base station by transmission of a return link 
header. In this case, the symbols present in the return link 
header can be used in the same manner to set the maximum 
time if the data transmission toWard the base station takes 
place synchronously With the synchroniZation markers. 

[0040] If the data transmission from the transponder 
toWard the base station can be dynamically sWitched over to 
an asynchronous transmission mode by transmission of 
control information from the base station to the transponder, 
there exists the possibility of deactivating a monitoring. This 
is necessary because in the asynchronous transmission 
mode, no synchroniZation markers are generally transmitted 
by the base station. 

[0041] The example embodiment shoWn permits dynamic 
adaptation of the maximum time TMAX, and thus the 
possible data throughput, to the transmission conditions 
prevailing at the moment. The choice of the maximum time 
TMAX need no longer be made on the basis of Worst case 
conditions, but instead can be made adaptively and thus 
optimally matched to the transmission conditions. 

[0042] The invention being thus described, it Will be 
obvious that the same may be varied in many Ways. Such 
variations are not to be regarded as a departure from the 
spirit and scope of the invention, and all such modi?cations 
as Would be obvious to one skilled in the art are to be 
included Within the scope of the folloWing claims. 
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What is claimed is: 
1. Amethod for Wireless data transmission between a base 

station and a transponder, the method comprising the steps 
of: 

transmitting data betWeen the base station and the tran 
sponder in the form of data packets that include at least 
a header section With at least one symbol for setting one 
or more transmission parameters and include at least 
one additional section; 

monitoring in the transponder during data transmission to 
determine Whether a time period betWeen tWo succes 
sive symbol delimiters, Which are transmitted by the 
base station, exceeds a maximum time; and 

resetting a receiver unit of the transponder if the maxi 
mum time is exceeded, 

Wherein the maximum time can be determined in the 
transponder using the at least one symbol of the header 
section. 

2. The method according to claim 1, Wherein the maxi 
mum time is determined by multiplying a value of the at 
least one symbol by a factor. 

3. The method according to claim 1, Wherein the maxi 
mum time determined is compared in the transponder to a 
maximum permissible value, and if this maximum permis 
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sible value is exceeded, the maximum time is limited to the 
maximum permissible value. 

4. The method according to claim 1, Wherein the maxi 
mum time is initialiZed using a ?rst symbol in the header 
section and is tracked as a function of one or more subse 

quent symbols in the header section. 
5. The method according to claim 1, Wherein the at least 

one symbol is encoded using a period betWeen the tWo 
successive symbol delimiters of the header section. 

6. The method according to claim 1, Wherein the moni 
toring of Whether the maximum time is exceeded by the time 
period betWeen the tWo successive symbol delimiters trans 
mitted by the base station can be deactivated during speci 
?able operating phases of the base station and/or transpon 
der, in particular during an asynchronous data transmission. 

7. The method according to claim 1, Wherein a value of 
the at least one symbol is stored in the transponder. 

8. The method according to claim 7, Wherein the value of 
the at least one symbol is stored in the form of a voltage level 
of a storage capacitor and/or in the form of a count state of 
a digital counter. 

9. The method according to claim 1, Wherein the tran 
sponder is a passive and/or a backscatter-based transponder 


