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(57) ABSTRACT 

A system and method for communicating wirelessly from a 
mobile device to a remote receiver station is disclosed. The 
system includes a controller configured to monitor a status of 
the mobile device and, upon an initiation event, initiate a data 
transfer process to wirelessly communicate data to the remote 
receiver station. The system also includes a voice-band 
modem that, upon initiation of the data transfer process is 
configured to receive data for transfer to the remote receiver 
station, divide the source data into a collection Source pack 
ets, and encode the data using a fountain code encoding 
protocol to form a series of encoded packets. The voice band 
modem is also configured to transmit the series of encoded 
packets to the remote receiver station as a burst including all 
of the Source data and repeatedly transmit the encoded pack 
ets until receiving an indication that the series of packets 
including all of the source data has been received at the 
receiving station. 
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SYSTEMAND METHOD FOR 
COMMUNICATING USING AN IN-VEHICLE 

SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is based on, incorporates herein by 
reference, and claims the benefit of U.S. Provisional Appli 
cation Ser. No. 61/087,995, filed on Aug. 11, 2008, and 
entitled, “SYSTEM AND METHOD COMMUNICATING 
USING AN IN-VEHICLE SYSTEM 

FIELD OF THE INVENTION 

0002 This invention relates generally to systems and 
methods for data communication and, more particularly, to a 
system and method for enabling optimal transmission of data 
from one device to another by using a trigger signal that 
includes a pattern of modulation schemes that can be used by 
the receiving device to determine which scheme to use to 
transmit information to the other device. 

BACKGROUND OF THE INVENTION 

0003 Increasingly, vehicles (e.g., automobiles, trucks, 
boats, and the like) include integrated communications sys 
tems and/or systems for communicating with or controlling 
non-integrated communications systems. For example, many 
vehicles include systems to access and communicate via cel 
lular or satellite communications. Additionally or alterna 
tively, many vehicles include local area communications sys 
tems. Such as Bluetooth communications devices, that are 
capable of accessing cellular, wireless local area networks 
(WLANs) or satellite communications devices. Bluetooth is a 
registered trademark of Bluetooth SIG, Inc., of Delaware. 
0004. These communications systems are typically 
designed to be controlled by a user to facilitate voice com 
munications using external communication networks. Hence, 
the modems included within these vehicle-integrated systems 
are typically “voice” modems. Voice modems are relatively 
“slower” modems when compared with data-specific 
modems for several reasons. First, the relative amount of data 
required to facilitate Voice communications is significantly 
less than required for contemporary data communications. 
Second, Voice modem signals have to go through a speech 
encoding/decoding process which requires some time to per 
form. 
0005 While these systems are specifically used for trans 
mitting Voice signals, in many applications it is desirable to 
utilize these vehicle-integrated communications systems to 
communicate a wider variety of data. This data may include 
information about an associated vehicle (e.g., make, model, 
year, color, maintenance record, and the like), information 
about the passengers or cargo in the vehicle, (e.g., name, 
medical history, age, gender, and the like) information related 
to an emergency condition associated with the vehicle, and 
other information. 
0006. It would be desirable to have a system and method 
for communicating data using communications systems that 
are integrated within vehicles where the system is highly 
robust, yet capable of communicating the data very rapidly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007. The invention will hereafter be described with ref 
erence to the accompanying drawings, wherein like reference 
numerals denote like elements, and: 
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0008 FIG. 1 is a block diagram of a communications 
system illustrating some common components of a vehicle 
integrated communication device that is designed to commu 
nicate within a wireless communication network; 
0009 FIG. 2 is a flow chart setting forth the steps of a 
method of communicating data using the communications 
system of FIG. 1; 
0010 FIG. 3 is a flow chart setting forth the steps of a 
sub-process of the method illustrated in FIG. 2 for encoding 
packets; 
0011 FIG. 4 is a flow chart setting forth the steps of a 
sub-process of the method illustrated in FIG. 2 for transmit 
ting bursts; 
0012 FIG. 5 is a flow chart setting forth the steps of a 
method of receiving and processing data using the commu 
nications system of FIG. 1; 
0013 FIG. 6 is a flow chart setting forth the steps of a 
sub-process of the method illustrated in FIG. 5 for decoding 
bursts; and 
0014 FIG. 7 is a flow chart setting forth the steps of a 
sub-process of the method illustrated in FIG. 2 for facilitating 
a trigger for a communications process using the system of 
FIG 1. 

DETAILED DESCRIPTION OF THE INVENTION 

0015. In accordance with one aspect of the disclosure, a 
system for communicating wirelessly from a mobile device to 
a remote receiver station is provided. The system includes a 
controller configured to monitor a status of the mobile device 
and, upon an initiation event, initiate a data transfer process to 
wirelessly communicate data to the remote receiver Station. 
The system also includes a voice-band modem that, upon 
initiation of the data transfer process, is configured to com 
municate with the controller. The controller and voice-band 
modem cooperate to receive source data for transfer to the 
remote receiver station, divide the source data into a collec 
tion of source packets and encode the data using a fountain 
code encoding protocol to form a series of encoded packets. 
The series of encoded packets are repeatedly transmitted until 
receiving an indication that the series of packets including all 
of the Source data has been received at the receiving station. 
0016. In accordance with another aspect of the disclosure, 
a system for communicating wirelessly from a mobile device 
to a remote receiver station is provided The system includes 
an answering point device configured to receive a data trans 
fer from the mobile device and including a controller. The 
controller is configured to monitor for an initiation signal 
from the mobile device and, upon receiving the initiation 
signal from the mobile device, transmit a trigger signal to the 
mobile device. The controller is also configured to receive a 
plurality of encoded packets in a series of bursts, decode the 
encoded packets, and determine if the encoded packets pro 
vide a complete set of source data. Upon determining that the 
encoded packets provide a complete set of Source data, con 
troller indicates to the mobile device that a complete set of 
Source data has been received. 
0017. In accordance with still another aspect of the disclo 
Sure, method for communicating wirelessly from a mobile 
device to a remote receiver station is provided. The method 
includes assembling source data for transfer to the remote 
receiver station, dividing the source data into a collection of 
Source packets, and determining a burst number for each 
Source packet. The method also includes encoding the data 
using the burst number to form a series of encoded packets, 
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transmitting the series of encoded packets to the remote 
receiver station as a series ofbursts including all of the Source 
data, and repeatedly transmitting the encoded packets until 
receiving an indication that the series of packets including all 
of the Source data has been received at the receiving station. 
0018 Referring to FIG. 1, a communications system 10 
includes a mobile electronic device such as an in-vehicle 
system (IVS) 12 as a first device, a wireless network and 
related networking components 14, 30, 34, and the like, 
desired or target user devices 32, and a Public Safety Answer 
ing Point (PSAP)36 wherein the PSAP is associated with or 
includes a second device referred to at times hereafter as an 
answering point device. The IVS 12 is configured to commu 
nicate through the wireless communication network 14 and 
other en route networks (e.g., a landline network) to desired 
user devices and/or the PSAP36. Typically, any communica 
tion with the desired user devices or PSAP 36 must pass 
through the PSTN 30. The wireless network may employ any 
protocol, such as Code Division Multiple Access (CDMA), 
Global System for Mobile communications (GSM), and the 
like and may be of any generation. 
0019. The exemplary IVS 12 includes a number of user 
interfaces including a visual display 16, a virtual or dedicated 
keyboard 18, a microphone 19, and one or more auxiliary user 
interfaces 20. The IVS 12 further includes a controller 22 
(e.g., a processor), a memory 23, a radio frequency (RF) 
transceiver 24 including a voice codec (i.e., a COder-DE 
Coder device capable of encoding and/or decoding a digital 
data signal) 26, a vehicle power system 27, a vehicle data 
interface 28, an antenna 25 and, in some cases, a mobile 
device 29 (e.g., a separate cellular phone or the like). Each of 
the user interface devices 16, 18, 19, 20 is coupled to the 
controller 22. The controller 22 is also linked to the memory 
23, vehicle power system 17, RF transceiver 24, and data 
interface 28. The controller 22 is designed to communicate 
through the radio frequency (RF) transceiver circuitry 24 and 
antenna 25. The codec 26, in most configurations, is a voice 
band codec used for encoding and transmitting speech. The 
controller 22 and other components described above receive 
power from the vehicle power systems 27. The controller 22 
is in communication with the vehicle data interface 28, which 
provides access to a wide variety of data gathered by and/or 
stored by the IVS 12. 
0020. It is contemplated that the memory 23 may include 
a Subscriber Identity Module (SIM) or a Removable User 
Identity Module (R-UIM) that is connected to or receivable 
within, for example, one of the auxiliary user interfaces 20. As 
an alternative to a SIM oran R-UIM, the IVS 12 may operate 
based on configuration data programmed by a service pro 
vider into the memory 23. 
0021. It is contemplated that the RF transceiver circuitry 
24 and antenna 25 may be designed for short-range RF com 
munication, such as using a Bluetooth communications pro 
tocol, and/or, as illustrated, may be designed for longer-range 
RF communications, such as cellular networks and the like. 
Specifically, the controller 22, RF transceiver 24, and antenna 
25 may be designed to communicate directly with the wire 
less communications network 14. Alternatively, the IVS 12 
may not be capable of directly communicating with the wire 
less network 14 and, in this case, the controller 22, RF trans 
ceiver 24, and antenna 25 may communicate with the wireless 
network 14 through another device, such as mobile wireless 
device 29. For purposes of brevity, FIG. 1 will be described 
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with respect to the IVS 12 having the ability to communicate 
with the wireless network 14 directly. 
(0022 Referring still to FIG. 1, the wireless network 14 
may be in communication with a variety of entities and com 
munication mediums. For example, the wireless network 14 
is in communication with a Public Switched Telephone Net 
work (PSTN) 30 connecting to a variety of end users 32 and 
other public or private networks 34, including the internet. As 
will be described, the wireless network 14 is configured to 
provide access to at least one PSAP 36. As illustrated, this 
access may be facilitated by the PSTN or other networks 34 or 
may be provided through direct communication between the 
wireless network 14 and the PSAP 36. 

0023. In operation, a user selects desired operations, such 
as Voice communication, via the display 16, keyboard 18. 
and/or any auxiliary user interfaces 20. The controller 22 
receives the user selections and initiates, for example, Voice 
communications. The wireless network 14 provides a con 
nection to a desired phone number through the PSTN 30 and 
communicates back to the IVS 12 to attempt a connection 
between the user of the vehicle and a user? device 38 associ 
ated with a desired phone number. If a connection can be 
established, audio of the user's voice is received by the micro 
phone 19, provided to the controller 22, encoded by the RF 
transceiver circuitry 24 and, in particular, the Voice codec 26. 
and transmitted to the wireless network 14 via antenna 25. 
The wireless network 14 receives the encoded voice informa 
tion, decodes the Voice information, and formats the Voice 
information to be communicated by the PSTN 30 to the 
desired user/device 38. 

0024. Such voice operation is common using the above 
described systems. One category of Such voice communica 
tions includes Voice communications between drivers or pas 
sengers in the IVS 12 and public or private service entities, 
safety entities, security entities, and the like. These commu 
nications may utilize the PSTN 30 in the manner described 
above or may be made directly to a PSAP 36. Such commu 
nications may be for non-emergency purposes, such as 
requesting directions, or may be for emergency purposes, 
Such as in the case of an accident. While Voice communica 
tions to emergency personnel are as readily available to the 
user as communications to others in the manner described 
above, data transmission over the above-described systems 
can be more difficult, which is particularly problematic when 
communicating with personnel in an emergency situation. 
0025. In particular, a number of factors contribute to dif 
ficulties in processing data transmission quickly and reliably 
using the above-described system. One significant factor is 
the fact that, as described above, the RF transceiver circuitry 
24 includes a voice codec 26. While the voice codec 26 works 
very well for the communication of human speech, it is not 
optimized for data transmission. Accordingly, protocols such 
as the cellular text telephone modem (CTM) protocol have 
been developed. 
0026. The CTM protocol uses a series oftones to transmit 
data. CTM was originally developed to provide a voice-band 
modem protocol designed to facilitate TeleTYpe (TTY) 
transmission through the Voice codecs used in wireless net 
works. While CTM is very robust, unfortunately, CTM is also 
very slow when transmitting a significant amount of data. 
That is, since CTM was designed to facilitate the communi 
cation of a small amount of textual data, CTM was designed 
to trade speed for consistency and cannot transmit a signifi 
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cant amount of data rapidly as would be desirable when 
communicating with personnel in an emergency situation. 
0027. In accordance with the present disclosure, a new 
communications method is provided that allows the IVS 12 to 
use the above-described communications systems to auto 
matically communicate data to the PSAP 36 or other entities 
rapidly and reliably. 
0028 Referring now to FIG.2, one exemplary process 100 
for automatically communicating data to a PSAP begins upon 
an initiation event at process block 102. For example, the 
initiation event may be the occurrence of an accident, a 
vehicle failure, or the like. Upon the occurrence of the initia 
tion event at process block 102, the IVS opens a connection to 
the PSAP at process block 103. Typically, in the context of 
FIG. 1, this may involve establishing a call from the IVS to the 
PSAP. The IVS then collects data for transmission to a PSAP 
at process block 104. The collected data may include dynamic 
information, Such as the vehicle locationator around the time 
of the initiation event. Additionally, the collected data may 
include static information, Such as a vehicle identification 
number (VIN), that can be pre-collected before the initiation 
event. It is contemplated that the collected data may also 
include data about the passengers in the vehicle, such as the 
number of passengers, the positions of passengers within the 
vehicle, and even medical histories or conditions of passen 
gers that frequently use the vehicle. Similarly, information 
about cargo in the vehicle and the like may be included. With 
reference to FIG. 1, it is contemplated that static data may be 
stored in the memory 23 and dynamic data may be acquired 
by the controller 22 from the vehicle data interface 28 to 
provide an emergency data set. This emergency data set will 
simply be referred to as the source data of the minimum set of 
data (MSD) in all following discussion. 
0029 Referring again to FIG. 2, the source data is col 
lected at process block 104 and a Cyclic Redundancy Code 
(CRC) (or other form of checksum value) is calculated and 
added to the source data at process block 106. At block 108 
the concatenated source data and CRC is split into smaller 
data packets (e.g., 18 bit packets) for transmission to the 
PSAP 

0030. At process block 110, the IVS waits until the PSAP 
responds with an appropriate trigger signal, which may be, 
for example, a pre-determined binary pseudorandom 
sequence. In at least Some embodiments this trigger signal 
persists until the PSAP receiver has correctly decoded the 
complete source data. Accordingly, as will be described, the 
present method eliminates the need for the use of an auto 
matic-repeat-request (ARQ) Scheme and, thus, does not incur 
the “round-trip delays associated with acknowledgement 
times and the like. 
0031. At process block 112, a burst of data, which may be 
a channel coded realization of one or more of the packets from 
process block 108 along with a CRC, is transmitted to the 
PSAP. This process is repeated as long as the PSAP trigger 
signal is present, as illustrated by decision block 114. 
0032. With respect to the process of encoding the packets, 

it is contemplated that a linear fountain code may be utilized. 
Referring to FIG.3 for a sub-process of FIG. 2 illustrating the 
generation of encoded packets. In accordance with one con 
figuration, the source data may beformed as 140 bytes of data 
with a four byte CRC. Hence, the complete source data for 
transmission may include 1152 bits (i.e., 8 bit times 144 
bytes). At process block 132, the complete source data is 
segmented into Source packets. A rateless code is applied at 
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process block 134 to produce a number of encoded packets 
(typically the number of encoded packets is significantly 
larger than the number of Source packets). In one configura 
tion, the complete 1152 bit data set is segmented into sixty 
four 18-bit source packets. These source packets may then be 
used to produce 3000 18-bit encoded packets (here the num 
ber 3000 is exemplary and may represent a limit value). 
Finally, each encoded packet is numbered sequentially at 
process block 136. These sequential numbers are not actually 
present in the encoded packets themselves but are noted for 
future use. 

0033 Fountain codes are often used for pure erasure chan 
nels. However, as will be described, the present method does 
not assume a pure erasure channel. Suppose that K source 
packets, pop, . . . p. 1, are needed to send the complete 
Source data and that each packet is a whole number of bits. 
When K is relatively small, a randomlinear fountain code can 
be efficiently used. A separate column vector or, alternatively, 
separate row vector containing Krandomly generated 1's and 
0's is created for each encoded packete, that is to be sent. For 
example, 3000 such vectors would be generated to create 
3000 possible encoded packets for transmission. 
0034. If the vector for encoded packet n is represented as 
G, then an encoded packet, e, is created according to the 
following equation: 

Eqn. (1) K-l 

(). G(k) pk not. 

0035. Therefore, the encoded packet is the modulo 2 bit 
wise sum of the source packets, p, for which G(k) is equal to 
1. The receiver (in this case, located in the PSAP) has knowl 
edge of G, for each n and can decode the transmission by 
placing a corresponding column vector G, for each correctly 
received packet, e, into a matrix D. The receiver uses the 
packet number for a given encoded packet to choose the 
correct G. When the rank of matrix D becomes equal to the 
number of packets transmitted K, it is possible to take the 
inverse of D and recover the Source packets pop, . . . p. 
0036. At times, during transmission some encoded pack 
ets will be lost. However, the PSAP receiver can reconstruct 
the source packets despite lost encoded packets and does not 
need to communicate back to the IVS to indicate the specific 
packets that were lost. Even when there are no lost packets, it 
will usually still be necessary to send a few extra encoded 
packets in order to recover the original Source packets. This is 
because each G, is randomly generated and matrix D being 
invertible after only K encoded packets are received is a 
random event with probability 0.289. 
0037 Accordingly, in at least some configurations, it is 
contemplated that a modification of the random linear foun 
tain code may be utilized. Specifically, Go, G, ..., G may 
be chosen deterministically so that D is guaranteed to be 
invertible in the case in which there are no lost packets after 
only K received packets. The Go G, ... can be chosen in a 
variety of ways. For example, one possibility is to choose Go, 
G, ..., G., where G. are column vectors, as the identity 
matrix. In this case, when using a clean channel and not 
incurring any lost packets, an encoded packete, correspond 
ing to each Source packet p will be transmitted as the first K 
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encoded packets and only the same amount of data as in the 
original K source packets is needed to identify the complete 
Source data. 
0038. This method is particularly useful in the system 
described with respect to FIG. 1, where, due to the slow data 
rates required for transmission through Voice codecs, the time 
required to send an encoded packet is not insignificant. Fre 
quently, channel conditions will be such that all K packets are 
received correctly because of the error correction which 
already exists on the radio channel. Therefore, the above 
described method can reduce data transmission time signifi 
cantly over the standard random linear fountain code in good 
channel conditions. 
0039. Once the packets are encoded at process block 108 
and the PSAP trigger signal has been detected at process 
block 110, an adaptive burst transmission protocol is used. 
The IVS continues transmitting encoded packets in bursts, 
iterating over successive burst formats, until the PSAP trigger 
signal is no longer present, indicating the PSAP has success 
fully received the complete source data. As long as the trigger 
signal persists, the PSAP has incomplete Source data and 
transmission continues. 
0040. A burst format specifies how one or more encoded 
packets are combined into a single burst and then channel 
coded for transmission through the voice codec 26 of FIG. 1 
and the networks en route to the PSAP. In this context, a 
channel coding scheme may include application of one or 
more error detecting code, error correcting code, and/or 
modulation scheme as necessary. 
0041 Referring to FIG. 4 for a sub-process of FIG. 2 
illustrating one possible burst encoding and transmission pro 
cess. After block 108 in FIG. 2, control passes to block 213 in 
FIG. 4 where one or more encoded packets e, e, , . . . 
e, are concatenated to form an encoded packet set to be 
associated with a single burst b, where it is the index of the 
first encoded packet in burst n, and l is the number of encoded 
packets present in burst n. Additionally, a burst number is 
chosen for b, at process block 214. This is simply a unique 
number that identifies which encoded packets are present 
within the burst. For example, it may be set to the packet 
number of the first encoded packeti, present in the burst. 
0042. At process block 216, a CRC c, is generated for 
burst n by calculating the CRC of the encoded packets com 
bined with the burst number. This CRC is then combined with 
the encoded packet set to form a burst. However, the burst 
number is not explicitly transmitted as part of the burst. 
0043 Although the receiver in the PSAP has knowledge of 

all possible vectors G, it still needs to match each received 
encoded packet e, with the appropriate vector G, so that the 
matrix D can be constructed correctly. Traditionally, this has 
been accomplished by transmitting a packet number with 
each packet or in Some type of common packet header if 
multiple packets are transmitted together. As will be dis 
cussed in more detail later, using this approach, it is not 
necessary to explicitly transmit packet numbers. The packet 
numbers can be regenerated from the burst number, which 
can be recovered during CRC verification at the receiver since 
it was included in the CRC calculation. 
0044. At process block 217, a channel coding scheme is 
applied to the combined burst and CRC to produce the chan 
nel coded burst b, s,(b,c), where s, is the channel coding 
scheme for burst n. 
0.045 Adaptation is achieved by choosing appropriate i. 
l, and S, for all transmitted bursts. Typically, multiple bursts 
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will have the same lands, but for some n, either lzl, or 
Szs (or possibly both). These points will be denoted as 
adaptation points, and mark locations in the stream of trans 
mitted bursts where either the number of encoded packets per 
burst or the burst channel coding scheme changes (or possibly 
both change). Typically, both the burst lengths, l, and the 
rates of the channel coding schemes, s, are non-increasing. 
This implies that as adaptation occurs, transmission rate 
decreases as overhead and redundancy increase. 
0046. In good channel conditions, suppose the probability 
of erasure for bursts coded with schemes, is low (where 
erasure is caused by a CRC failure). As channel conditions 
degrade, bursts coded with schemes, will be erased with 
increasing frequency until finally virtually all bursts are 
erased. At this point, only bursts coded with schemes S., and 
beyond (where sizs) will be received successfully. With 
properly chosen i, l, and S., message delivery times will 
increase gracefully as channel conditions degrade, yet fast 
delivery can be maintained in ideal conditions. 
0047. There are a number of advantages to this approach. 
Since i, l, and s, are known by both the transmitter and 
receiver a priori, no automatic-repeat-request (ARQ) mecha 
nism is required for adaptation. Thus, one key desirable 
aspect of rateless codes is retained. Since multiple burst sizes 
and channel coding schemes are used, operation of the rate 
less code can be extended over a very wide range of channel 
conditions. Furthermore, this approach is well suited for 
Small message lengths in Systems where the cost of using a 
back channel is relatively high. 
0048. In one of many possible configurations that has been 
analyzed, 3 burst formats are used. These three formats make 
use of 3 different burst sizes and two different channel coding 
schemes: both a high-rate modulation scheme and a low-rate 
modulation scheme. 

0049. An initial first burst format uses a high rate modu 
lation scheme with 12 bits per symbol. Four 18-bit encoded 
packets and a 24-bit CRC are combined to create a burst of 96 
bits or 8 symbols (i.e., 96 bits/12 bit per symbol). Using the 
previous exemplary complete source data of 1152 bits and 
assuming no losses, within 16 bursts the complete source data 
can be received. Experiments have shown when communi 
cating through channels with typical high rate Voice codecs, 
without any losses, all 1152 bits can be transmitted in well 
under 4 seconds using this burst format. 
0050. A second burst format uses a low rate modulation 
scheme with 6 bits per symbol. Two 18-bit encoded packets 
and a 12-bit CRC are combined to create a burst of 48 bits or 
8 (48/6) symbols. This burst format extends operation into 
channels with the lowest rate voice codecs and moderate 
channel error rates. 

0051 A third burst format also uses a low rate modulation 
scheme with 6 bits per symbol. One 18-bit encoded packet 
and a 12-bit CRC are combined to create a burst of 30 bits or 
5 (30/6) symbols. This burst format extends operation into 
channels with very high channel error rates. 
0.052 Experiments have shown that with an appropriate 
choice of adaptation points for these three burst formats, even 
in channels with a significant number of errors, the complete 
Source data is decoded successfully in typically no more than 
25 seconds of transmission. Therefore, under even very poor 
conditions, the above described method can still transmit data 
in less time than the approximately 29 seconds that a CTM 
based design would require to transmit the same data in an 
error-free channel. 
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0053 With respect to a specific implementation of the 
adaptable modulation scheme, for a given rate, each symbolis 
formed as a Sum of k sinusoids out of a possible set of n 
sinusoids, thereby transmitting 

Log() 
bits of information. The tones corresponding to then sinuso 
ids are chosen to be orthogonal to each other. The receiver 
takes the Discrete Time Fourier Transform (DTFT) at each of 
the n frequencies and then sorts the resulting n bins by mag 
nitude to identify the k frequencies that have the largest mag 
nitudes. Because the sinusoids are orthogonal, each sinusoid 
produces energy in only one bin of the DTFT. Therefore, the 
probability that a particular set of k sinusoids were transmit 
ted given the received symbol will be maximized by choosing 
the klargest peaks of the DTFT. 
0054 Multi-rate operation can be achieved with this 
modulation scheme by choosing n and k as adaptation con 
trols. Advantageously, the receiver structure is fixed. The 
receiver will always evaluate the DTFT at a fixed number of 
frequencies, sort the results in terms of magnitude, and 
choose the k frequencies that give the highest magnitude as 
the frequencies of the tones that are most likely to have been 
transmitted. 

0055. A codebook can be created with 

entries of binary words of length in that have k ones. For 
example, if n=16 and k=5, then there are 

16 
( = 4,396 5 

possible ways of choosing 5 tones out of a set of 16. Each 
possible symbol has a one to one correspondence with a 16 bit 
binary word having exactly five ones. If this set of 4.396 
words is limited to a subset of 4,096, for example, by taking 
the smallest 4096 binary words, then each of these binary 
words or symbols represents 12 bits of information. When the 
in DTFTbins are sorted and the khighest are selected, a search 
may be done in the codebook for the binary word that is 
closest to the word having 1's in the positions that correspond 
to the particulark tones decoded. This codebook search can 
be done through an efficient binary search, for example. The 
index of the entry in the codebook corresponding to the binary 
word that is closest then gives the 

Log() 

decoded bits at the output of the demodulator. 
0056 Experiments indicate that the above adaptive modu 
lation scheme is effective at modulating binary data through 
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typical Voice codecs at high rates while still yielding Suffi 
ciently low bit error rates for useful application with rateless 
codes as previously described. 
0057 Referring to FIG.5 for an overview of the operation 
of the PSAP receiver. The receive process is initiated at pro 
cess blocks 251 and 252 where the PSAP monitors for a 
communication or initiation signal indicating an initiation 
event from an IVS. Typically, the initiation event will be an 
incoming call from the IVS, but may include other triggering 
mechanisms, such as a manual request by an operator in an 
established call. At process block 254, after a communication 
has been initiated by an IVS, the PSAP begins transmission of 
a trigger signal to the IVS. As previously discussed, once the 
IVS successfully detects the PSAP trigger signal, the IVS 
begins transmitting bursts of one or more encoded packets. 
The PSAP receives the IVS bursts, extracts the packets, and 
attempts to decode the complete source data at process block 
256. At block 258, if the source data is decoded successfully 
and the source data CRC is correct, the process terminates and 
no further trigger signals are transmitted by the PSAP. If the 
source data cannot be decoded or the CRC is incorrect, either 
an insufficient number of packets have been received or some 
packets have been received in error. In either case the trigger 
persists (see block 254) since more bursts are still required to 
decode the source data. 

0058 FIG. 6 illustrates a sub-process of the PSAP receiver 
in FIG.5. At process block 142, the receiver attempts to guess, 
or blind detect, the burst number for the next incoming burst. 
One very simple algorithm involves iterating through succes 
sive possible burst numbers until the correct one is reached 
and the burst decodes successfully at process block 144, 
indicated by a correct CRC at process block 146. To this end, 
when a burst is received, the PSAP receiver distinguishes the 
encoded packet set from the associated received CRC 
included in the burst. Next the receiver combines a possible 
burst number with the encoded packet set to form a possible 
numbered packet set and calculates a calculated checksum or 
CRC for the possible numbered packet set. The receiver com 
pares the calculated CRC and the received CRC. Where the 
calculated CRC is different than the received CRC, the 
receiver repeats the process above using a different possible 
burst number until the calculated and received CRCs match. 
Once the calculated CRC is identical to the received CRC, the 
receiver recognizes the possible burst number as the actual 
burst number. 

0059. When a correct CRC is found, the encoded packets 
are extracted from the burst at process block 148. The number 
of packets extracted is determined by the parameter 1, (de 
scribed earlier) for the burst number in question. The burst 
number is used to determine which packet numbers to assign 
to the received encoded packets, and therefore, which G, to 
use to update the decoding matrix D. At process block 150, a 
decoding attempt is made. If the decoding matrix can be 
inverted, the source data is recovered and can be verified 
against the source data CRC. 
0060 Referring back to FIG. 5, the PSAP trigger may be 
transmitted using multiple coding schemes. For example, the 
trigger may be formed from binary pseudo-random 
sequences encoded using one or more of the possible channel 
coding schemes that the IVS utilizes for transmission. This 
way, the PSAP can generate information that the IVS can use 
to assess channel conditions while sending the trigger signal. 
For instance, assuming an IVS uses two channel coding 
schemes: a high rate modulation scheme and a low rate modu 
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lation scheme (adapted to the channel conditions and/or 
speech codec mode), a binary pseudo-random sequence can 
be transmitted with each modulation scheme in an alternating 
fashion. For good channel conditions, it is likely that both the 
high and low rate sequences will be received equally well by 
the IVS as a received trigger signal. However, if for example, 
the received trigger signal includes a sequence that is received 
seven times at the low modulation rate but only once at the 
high modulation rate, the IVS can be programmed to recog 
nize that data throughput at the high rate is likely to be 
relatively low, assuming that uplink and downlink channel 
conditions are similar. In this case, the IVS may be pro 
grammed to transmit data to the PSAP using only the low 
modulation rate, as opposed to adapting through the usual 
pattern (e.g., starting with the high rate scheme followed by 
the low rate scheme only if the high rate scheme is unsuc 
cessful). Thus, here, the initial modulation scheme is selected 
as a function of the trigger signals received from the PSAP. 
0061. In some embodiments it is contemplated that more 
than two channel coding schemes may be applied. In that case 
the trigger signal may be sequenced through each coding 
scheme and the IVS may be programmed to optimize trans 
mission using any Subset or all of the coding schemes. 
0062. Thus, the PSAP trigger in at least some configura 
tions accomplishes two things. First, the trigger signal noti 
fies the IVS when to start sending data. Here, the trigger is 
robust because of the choice of binary pseudo random 
sequence. Second, the trigger provides information that can 
be used by the IVS to determine which channel coding 
scheme is likely to be the most effective in terms of through 
put when the IVS starts sending data to the PSAP. 
0063 Referring now to FIG. 7, a sub-process that may be 
substituted for a portion of the process shown in FIG. 2 is 
illustrated, whereby an IVS uses the PSAP triggers to identify 
the best channel coding scheme to use to transmit information 
to the PSAP Referring also to FIG. 2, after packets have been 
encoded at process block 108, the IVS receives a trigger 
sequence from the PSAP at process block 232 in FIG. 7. In at 
least some embodiments the IVS may require that a certain 
minimum number of trigger signals or sequences are received 
before choosing the optimal coding scheme. This check is 
made at process block 234. If more trigger signals are 
required, the process repeats. Otherwise, at process block 
236, the received trigger signals are used to determine which 
of the various coding schemes is optimal for transmission to 
the PSAP. This coding scheme is set in the IVS at process 
block 238 so that when process block 112 of FIG.2 executes, 
bursts are transmitted using the appropriate coding scheme 
right from the start. 
0.064 Choosing an optimal initial channel coding scheme 
does not eliminate the possibility of later adaptation. For 
example, if the IVS starts transmission at the highest possible 
rate based upon the PSAP trigger, it is still possible that the 
IVS will adapt through the available burst formats if the 
channel conditions differ from what was expected based upon 
the trigger. 
0065. In other embodiments it is contemplated that other 
sub-processes similar to the sub-process of FIG. 7 may be 
employed for identifying an optimal initial channel coding 
scheme. For instance, in some embodiments where an IVS 
uses two channel coding schemes including a high rate modu 
lation scheme and a low rate modulation scheme, the PSAP 
may transmit a series of eight high rate trigger signals without 
interleaving the low rate signals and follow up the eight initial 

Mar. 18, 2010 

signals with a continual set of low rate signals. Here, based on 
the throughput of the eight high rate signals, the IVS may 
determine if the high or low rate should be used to transmit 
Subsequent packets. Thus, for instance, where between six 
and eight high rate signals were received, the high rate modu 
lation scheme may be used and where less than six high rate 
signals were received the low rate scheme may be employed. 
Other patterns of trigger signals are contemplated as well as 
other threshold levels for using the high rate as opposed to the 
low rate schemes. 
0066. The present disclosure has been described in terms 
of the various aspects and features, and it should be appreci 
ated that many equivalents, alternatives, variations, and modi 
fications, aside from those expressly stated, are possible and 
within the scope of the disclosure. Therefore, the disclosure 
should not be limited to a particular described embodiment. 
What is claimed is: 
1. A system for communicating wirelessly from a mobile 

device to a remote receiver Station, the system comprising: 
a controller configured to monitor a status of the mobile 

device and, upon an initiation event, initiate a data trans 
fer process to wirelessly communicate data to the remote 
receiver Station; 

a voice-band modem that, upon initiation of the data trans 
fer process, is configured to communicate with the con 
troller to: 
receive source data for transfer to the remote receiver 

station; 
divide the Source data into a collection of source packets; 
encode the data using a fountain code encoding protocol 

to form a series of encoded packets; 
transmit the series of encoded packets to the remote 

receiver station as a series ofbursts including all of the 
Source data; and 

repeatedly transmit the encoded packets until receiving 
an indication that the series of packets including all of 
the source data has been received at the receiving 
station. 

2. The system of claim 1 wherein at least one of the voice 
band modem and controller are further configured to concat 
enate the encoded packets to forman encoded packet set to be 
associated with a given burst. 

3. The system of claim 1 wherein at least one of the voice 
band modem and controller are further configured to further 
configured to chose a burst number for the given burst. 

4. The system of claim 3 wherein the burst number is a 
unique number that identifies particular encoded packets 
present within the given burst. 

5. The system of claim 3 wherein the burst number is not 
transmitted to the remote receiver station. 

6. The system of claim 1 wherein at least one of the voice 
band modem and controller are further configured to adjust a 
burst format to transmit the source data to the remote receiver 
station. 

7. The system of claim 1 wherein at least one of the voice 
band modem and controller are further configured to use at 
least one of a first burst format for a high rate modulation 
scheme, a second burst format for a low rate modulation 
scheme, and a third burst format for a low rate modulation 
scheme. 

8. The system of claim 7 wherein the first burst format uses 
12 bits per symbol and the second and third burst format use 
6 bits per symbol. 
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9. The system of claim 1 wherein at least one of the voice 
band modem and controller are further configured to associ 
ate a checksum with the Source data and encode the checksum 
and source data. 

10. A system for communicating wirelessly from a mobile 
device to a remote receiver Station, the system comprising: 

an answering point device configured to receive a data 
transfer from the mobile device and including a control 
ler configured to: 
monitor for an initiation signal from the mobile device; 
upon receiving the initiation signal from the mobile 

device, transmit a trigger signal to the mobile device; 
receive a plurality of encoded packets in a series of 

bursts: 
decode the encoded packets; 
determine if the encoded packets provide a complete set 

of Source data; and 
upon determining that the encoded packets provide a 

complete set of Source data, indicate to the mobile 
device that a complete set of Source data has been 
received. 

11. The system of claim 10 wherein the controller is further 
configured to continuously transmit the trigger signal to the 
mobile device until a complete set of source data has been 
determined to have been received. 

12. The system of claim 10 wherein each burst in the series 
ofbursts includes a burst number and wherein the controller 
is further configured to blind detect a burst number associated 
with a given burst and decode the given burst using the blind 
detected burst number. 

13. The system of claim 12 wherein the controller is further 
configured to check an expected checksum based on decod 
ing the given burst using the blind-detected burst number with 
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a received checksum to determine whether the blind-detected 
burst number is an actual burst number associated with the 
given burst. 

14. The system of claim 13 wherein the checksum forms a 
cyclic redundancy code. 

15. The system of claim 12 wherein the burst number is not 
transmitted to the remote receiver station. 

16. The system of claim 12 wherein the controller is further 
configured to determine a packet number for each of the 
plurality of encoded packets using the burst number. 

17. The system of claim 12 wherein the controller is further 
configured to determine an encoding vector associated with 
each encoded packet using the burst number. 

18. The system of claim 17 wherein the controller is con 
figured to arrange the encoded packets and encoding vector in 
a decoding matrix and invert the decoding matrix to deter 
mine if the encoded packets provide a complete set of source 
data. 

19. A method for communicating wirelessly from a mobile 
device to a remote receiver Station, the method comprising: 

assembling source data for transfer to the remote receiver 
station; 

dividing the Source data into a collection of source packets; 
determining a burst number for each Source packet; 
encoding the data using the burst numberto form a series of 

encoded packets; 
transmitting the series of encoded packets to the remote 

receiver Station as a series of bursts including all of the 
Source data; and 

repeatedly transmitting the encoded packets until receiving 
an indication that the series of packets including all of 
the source data has been received at the receiving station. 

20. The method of claim 19 wherein the burst number is not 
transmitted to the remote receiver station. 
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