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20
FIELD OF THE INVENTION
The present invention relates generally to a collision mitigation method
used in a communication system.
25 BACKGROUND OF THE INVENTION

A fast, efficient and reliable means of communicating data in a multi-
user system is desirable for many applications. A need for such methods arises
when multiple pieces of data (from multiple sources) need to be quickly read by
a receiver. One particular application of such technology is in the electronic

30 identification of multiple items.



commercial and military applications, including real-time item tracking and
inventory. Such uses can greatly increase operational efficiency in a myriad
of scenarios, including virtually all of those involving some form of 5
manufacturing, warehousing, distribution and retail. The ability to quickly and
efficiently perform accurate real-time inventory tracking can greatly reduce
waste in many forms, including, but not Ifmited to, the misplacement of items,
over- or under-stocking of items, and item theft. Currently, the electronic
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reliable transmission of data from multiple sources to a receiver. More

specifically, there exists a need to read such data as quickly as possible for all
possible operating cases in an RFID system. Such scenarios may include cases
where the number of tags ranges from very low to very high, or cases where the
20  communications channel conditions range from very poor to very good. There
exists a need for a method to adapt the data transmission system to all of these

cases, in order to increase system throughput and efficiency.

BRIEF DESCRIPTION OF THE FIGURES
25 The present invention is now described, by way of example only, with
reference to the accompanying figures in which like references indicate similar
elements and in which:
FIG. 1 illustrates a high-level view of multiple source devices
communicating with a single destination device in accordance with the
30 invention;

FIG. 2 illustrates how data stored on a tag is altered and used to



invention; FIG. 3 illustrates a high-level view of the process used to scramble
the stored data on a tag in accordance with the invention; 5 FIG. 4 illustrates
a high-level system view of multiple tag communications and the scrambling
reversal (descrambling method) performed in the reader in accordance with
the invention; FIG. 5 illustrates the reader waveforms used to adjust the
spreading gain of the tag modulator in atcordance with the present
invention; 10 FIG. 6 illustrates a preferred embodiment of the tag circuitry
used tgCQETIRE BE PRt IEBR RRARREI VAT GREFS T Wedre RO BIBEMS of
the tagng@igsesion circuitry in accordance with the present invention; FIG. 7
illustrates a high-level block diagram of a tag in accordance with the
invention: 15/ S HRIEHEA A0 AN M CRE X GREAR e A HaA 5o
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FIG. 7 illustrates a high-level block diagram of a tag in accordance with

the invention;

15 FIG. 8 illustrates a general flowchart outlining tag transmission
conditions in accordance with the invention;

FIG. 9 illustrates a detailed flowchart outlining tag transmission
conditions in accordance with the invention;

FIG. 10 illustrates an application using capacitive coupling between the

20  reader and a variety of tags in a typical embodiment in accordance with the
invention;

FIG. 11 illustrates a method of generating a channel for the tag to
communicate over based on the data stored on the tag in accordance with the
invention;

25 FIG. 12 illustrates a simplified tag circuitry functional block diagram
highlighting the pass dependence and modulation method in accordance with
the invention;

FIG. 13 illustrates a detailed view of the reader block diagram in
accordance with the present invention;

30 FIG. 14 illustrates an example of fast transform methods for Walsh

coded signals in accordance with the invention;



FIG. 15 illustrates a detailed example of the reader receiver signal processing
for fast correlation of pseudonoise sequences in accordance with the
invention; FIG. 16 illustrates a simplified functional block diagram of the
reader 5 signal processing in accordance with the present invention; FIG. 17
illustrates an example waveform in the presence of a collision in accordance
with the present invention; FIG. 18 illustrates several example waveforms in
the absence of collisions in accordance with the present invention; 10 FIG.
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invention;
15 FIG. 21 illustrates an example inventory accounting with no collision
mitigation techniques applied in accordance with the present invention;

FIG. 22 illustrates an example flowchart of the inventory algorithm
when no collision mitigation techniques are applied in accordance with the
present invention;

20 FIG. 23 illustrates an example inventory accounting with forward
collision mitigation techniques in accordance with the present invention;

FIG. 24 illustrates an example inventory accounting with bi-directional
collision mitigation techniques in accordance with the present invention; and

FIG. 25 illustrates an example of a flow diagram for reader processing

25 inaccordance with the present invention.

DETAILED DESCRIPTION OF THE PRESENT INVENTION
The described system provides an improved communications method
that allows multiple source devices to quickly and efficiently communicate
30 information to a destination device. The described communications system

employs a combination of several techniques to achieve superior performance



over the prior art. The present invention allows a typical data gathering (or
inventory reading data transmission) process to be significantly accelerated
by adapting the system based on specific factors. These factors may include
expected or determined tag populations, communications link quality
indicators, 5 and estimated system loading, as described below. Such
information allows the destination (e.g., ?eader) device to direct all active
sources (e.g., tags) to communicate over a reader-determined number of
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source device does not require the use of a receiver. 25 The information
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The preferred embodiment of the present invention utilizes adaptive

20 algorithms in the destination device (or reader receiver) possibly along with
knowledge gathered in past full read cycles to improve system performance. It
also generally utilizes one-way communication (from the source device to the
destination device) in order to simplify the circuitry on the source device; the
source device does not require the use of a receiver.

25 The information communicated from the source device to the
destination device typically takes the form of binary electronic product codes
(“EPC”) or identification (“ID”) information, though it is not limited in any
manner to these forms of information. Communicating other types of
information, such as electronic telemetry (or any other type of measured or

30 assigned data) is also possible. In fact, any information that has a



representation in a binary (or other) number format can be communicated
with the described system. As illustrated in FIG. 1, the information is typically
communicated from a set of source devices 110, 120, 130 to a single
destination device 100; the 5 preferred embodiment of the present invention
utilizes simultaneous communication of information from the set of source
devices 110, 120, 130 to the destinatior’device 100. Since the present
invention has numerous applications, depending on the context of the
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embodiments may utilize only a subset of the described techniques. 7 1.
Data Scramblifg)ceftnpeisatianiysagn employed by the present invention can

encompass several different forms of communication 140, including, but not
limited to, optical communication, radio frequency (RF) communication, wired
(contacted) communication, sound-wave communication, capacitively coupled
20  communication, or inductively coupled communication. The preferred
embodiment of the present invention utilizes a capacitively coupled
communication link between the tags 110, 120, 130 and the reader 100, though

other forms of communications links may be utilized without limitation.

The following description of the invention is divided into several
25  background sections (I-11) describing many important aspects of the system, and
latter sections (I11-V) providing detailed descriptions of the present invention.
The preferred embodiment of the system utilizes all of the key techniques
described below, though other embodiments may utilize only a subset of the

described techniques.



As shown in FIG. 2, the data 200 that is communicated by the tag 110 to the
reader 100 in the described system can take many forms, including, but not
limited to, measured or other user defined data as described below. In the 5
preferred embodiment of the present invention, the communicated data 200
consists of at least an identification data sequence. For example, the data
200 may consist of at least an EPC havi7ng 96-bits of identification data as
outlined by David L. Brock in "The Electronic Product Code," MIT-Auto ID

Center, January 2001. The EPC 200 serves to uniquely identify each tag (or
item) 110 10 in the system, bﬁ%@é‘iﬁﬁ@f@ﬂﬂ%‘?&sﬂéﬁ{BEP%os, object class
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redundancy checks (CRCs), etc.), and other reserved bits. Note that the
additional information (e.qg., error detection or correction data) may be

appended either before or after the data scrambling process described below,
20 though it is desirable that if this additional information is appended after the
data scrambling that it also has uniformly random properties.

Those skilled in the art recognize that several different additional forms
of information (e.g., programmable timestamps, other user personal
identification numbers (PINs), measured data, environment data, etc.) may also

25  be predetermined and stored on the tags 110, 120, 130. Note that there are no
limitations placed on the amount or type of data stored on the tags 110, 120,
130 in the described system.

All of the tag functions are typically implemented in low complexity

(i.e., low cost) circuitry. In order to keep the circuitry on the tag 110 simple,

30 and to improve performance of the channel selection process in the system (as



200 prior to its being stored on the tag 110. This is typically accomplished
through a randomization or scrambling process 211 that is carried out before
the operation of storing data 230 on the tag 110. 5 This scrambling algorithm
211 is typically applied universally throughout the system in order to assure
that the EPC data 200, after being scrambled 220, exhibits desirable
statistical (i.e., uniform and random) pro%erties. Alternatively, in other
embodiments, some other scrambling, encryption, or numbering assignment
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is embedded intag 110) is used to select Channel A
manner from the EPC manager 310, such as the manufacturer. The EPC 200 is
then input into a scrambler 330 that performs a scrambling algorithm and output
the scrambled data (S_EPC) 220. A RF tag programmer/writer 350 then
embeds the scrambled data, S_EPC, 220 into the tag 110. The scrambled data
20 220, which is a modified version of the original data 200, now resides inside the

tag 110.

FIG. 4 illustrates a high-level block diagram for simultaneously reading
electronic identification data 200 from many RF tag devices 110, 120, 130.
This example illustrates how the tags associated with products residing on a
25  shelf might be read during a typical inventory count. In operation, the reader
100 simultaneously activates a set of tags 110, 120, 130. The activated tags
110, 120, 130 then proceed with a multiple-pass transmission algorithm using
the scrambled tag data 220 as a basis for channel selection (described in detail

below in Section I11).



240, at least a portion of S_EPC2 is used to select Channel B 240, and at
least a portion of S_EPCn is used to select Channel C 240. It should be
noted that 5 channels A, B and C, or any combination thereof, can be the
same or different. The reader 100 proceeds with its demodulation algorithm,
and eventually obtains the S_EPCs 220 for the tags 110, 120, 130 on the
shelf. The S_EPCs 220 are routed into & descrambler 460 that performs a

descrambling algorithm to obtain the original EPC data 200 of the tags 11,
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described system must be self-referential only; that is, the only information
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main properties: 1. Given two tyrellcaI_EF?Cs 200 represented with k-ary digits,
where YEI¥ g\Ioser resembles uniformly distributed data, thus collisions betweer
products with similar EPC data 200 are minimized. For more on multiple-pass
20 transmission algorithms and channel selections, see Section 111 below; for more

on collisions and collision resistance, see Section V below.

No information is exchanged between the tag 110 and the reader 100
before the tag 110 needs to select a channel to use for transmission (as
described below). Thus, the scrambling and de-scrambling methods in the

25  described system must be self-referential only; that is, the only information
needed to scramble the EPC 200 or descramble the S_EPC 220 is the data itself.

The system described calls for the use of a scrambling method that
possesses certain key properties. An important property is that the scrambling

method maps typical data sequences (such as EPC data sequences) to results



predetermined integer (e.g., in a typical pair of EPCs 200 many, but 5 not all,
of the k-ary digits are the same), the probability that the scrambled S_EPCs
220 corresponding to these EPCs 200 match for n consecutive k-ary digits
(used by the tag 110 to determine channel assignments) is approximately
1/k"; and 2. Given two typical EPCs 200 represented with k-ary digits, where
kis a 10 predetermined integer (e.g., in'g typical pair of EPCs 200 many, but
not all, of the k-ary digits are the same) whose scrambled outputs match for
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Data Encryption Algorithm, etc.) in the art 25 that may be utilized for this task.
The availailitiEbthivadgtahal e brresnRy ¢ irdpantahe formigh-isacy

applications (SyehesriieeiMdiRrgd: 9$n Hgpieal %?EP@W@UH%BFEH@V
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spirit of the pré‘%ﬁguoemf)!ﬁﬁﬁgfﬂ' %"’“ﬁfgﬁéﬁé'be H"ﬁ"? - SpraEgled oSy ely
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15 probability approximately 1/k™.

In the example of a binary represented EPC 200, these properties are
related to a strong avalanche property whereby each output bit is dependent on
every input bit and changing a single input bit, changes half of the output bits

on average.

20 In addition to the scrambling process described above, the data 200 may
also be encrypted 210 before or after applying the universal scrambling
algorithm (e.g., prior to programming the tag 110) to assure further data
security. There are a variety of known encryption algorithms (e.g., AES, Data
Encryption Standard, International Data Encryption Algorithm, etc.) in the art

25 that may be utilized for this task. The availability of this additional level of
security is important for high-privacy applications (such as those where tags

may contain sensitive medical or financial data).

1l. Power-On Methods




tag 110 is rectified in power converter 703, the direct current ("DC") output of
which is used to power the tag 110 and also serve as a tag energy monitor
704 which further enables communications (the elements of which will be
discussed in more detail below). The state controller 705 acts on the tag
data 220 and the 10 communications channel selection block 240 to produce
transmit signal information, which is whth applied to the transmission
element 702 (such as a load modulation element that is well understood in

the art) undeftREEoHaYRBT oftfelahbHhisl thécuhiiaRfrirorreasiagerabediment is

genergfigsralea HigNe! sORe HARSANEHUGHND dpdda, Badefenna 701 is a
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The data 220 stored on each tag 110 is typically stored in low
20  complexity (i.e., low cost) circuitry, which then responds to inquiries from the
reader 100. Each tag 110, 120, 130 typically waits for a first predetermined
condition to be met before transmitting its information in a multiple pass
algorithm. The first predetermined condition is typically set to be the same for
each of the tags 110, 120, 130, though it could be randomly chosen or assigned
25 in other embodiments. An example of a general flowchart showing tag
transmission conditions is shown in FIG. 8. Note that in this flowchart, the
second predetermined condition may be met by a variety of measures (e.g.,
when a first predetermined condition is no longer met or a second
predetermined condition is met).
30 In the preferred embodiment, the reader 100 remotely powers the tags

110, 120,130, and the first predetermined transmission condition is met when



5 conditions (such as, particular synchronization pulses or pseudo-random
pauses) can be employed by those skilled in the art without departing from
the spirit of the described system. Once the tag 110 receives power (either
remotely from the reader 100 for a passive tag, or self-powered for an active
tag), the tag 110 continuously monitors the received signal strength to 10
determine when to begin transmitting. Offce the tag 110 begins modulation
and transmission 250 of its data, it is fully activated. Note that multiple tags
110, 1beinsBHRARRAYIEEAIVAIPRURF levalakdt Boal R Rardicipr g raiRaded
embodtinghbiaftha BygdrsraliViREHRatietes dAg30n) a KO UPiNjHGeRtnue to
transm'lt their 15 ipformation in m]ulaiapl(i fasses Féfu"y _desched below) until a
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30 aff PO LSRR EEHR SYERions systems (e.g., as in spread spectrum
systems withThefully thoiyated| tsgy @aal grgupodidisjodtthu fook dhentiageit 10, 120,
130 in; IC i -Qn range in the
p?e%err'e Eﬁ%o irr1]1eE]tl,wﬁh@%ﬁ?ﬂgﬁ%ﬁgﬁﬂ%&@ggﬂl g%@@ﬁe such as
those tHaERIBIMEGSt Hgrarisstm eqretiopiemet, at which time they will stop

transmitting data. The second predetermined transmission condition in the

preferred embodiment is met when the received power level at the tag 110, as
observed by tag energy monitor 704, either falls below the first predetermined

20 threshold or exceeds a second predetermined threshold, which is typically set
higher than the first predetermined threshold.

In this manner, the first and second predetermined transmission
conditions form a range of received power levels (e.g., a window) over which
each group of tags is typically fully activated. In the preferred embodiment of

25  the described system, the power-on range is typically about 3dB wide, meaning
that tags 110, 120, 130 will respond to power in a range of 1-2X (relative to
some normalized received operational power level). Note that this powering
window generally causes the tag's transmissions to fall within a proportionally
narrow power window, which helps alleviate the typical near-far problem that

30 affects some communications systems (e.g., as in spread spectrum systems with

non-orthogonal spreading codes).



assigned, but likely different) or random power-on conditions. One such 5
example may occur when different manufacturers are assigned different
power- on range levels, providing some separation (or distinction) between
different manufacturer's products. For the purposes of the present invention,
any tag that is transmitting data (as determined by the above or other
conditions) is considered to be an activé®transmitter. 10 In yet other
embodiments of the described system, tags with two-way communication
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without departing from the spirit of the system.
In an example embodiment illustrated in FIG. 10, the reader 100, which
20  may be remotely controlled from a head office by controller 1001, is connected
via a transmission medium 1003 to an antenna 1004 mounted on a shelf 1005.
Objects 1020, 1021, 1022, of varying physical dimensions, have tags 110, 120,
130 located on different parts of the packages, and result in variations in
coupling between the antenna 1004 associated with the reader 100 and the
25 antenna 701 associated with the tags 110, 120, 130, further resulting in different
received power levels by tag electronics 1012. Due to different coupling
characteristics between the reader antenna 1004 and various tags 110, 120, 130
in the system, different tags may receive different power levels (demonstrated
by the range boundary lines 1030 and 1031) for a given reader antenna
30 excitation level (i.e., reader transmit power level). This effect also serves as a

coarse population reduction of the tags present in the system in the preferred



Note, however, that multiple tags 110, 120, 130 will still typically begin
transmission simultaneously for a particular power level in the preferred 5
embodiment of the described system. For example, there may be one
thousand items (tags) in an inventory that need to be identified, and the
reader 100 may step through ten different possible power levels, activating
groups of roughly one hundred tags at &dch power level (though fewer tags
will likely be activated at the extreme upper and lower power levels). In other
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e Al of the thgs 10- 120, 100 11 a A Gular Dower-on g (8.6, Detween
1030 and 1031) have been uniquely identified, at which time it can step to the
20  next power level (e.g., above 1031) or terminate the identification process.

In another embodiment, the reader 100 may ‘learn’ or remember a range
of expected power levels for a given inventory profile, and arrange its power
sweep with priority given to those power levels with a history of activity.

When the reader 100 steps to a power level where no tags are activated, it
25  senses that condition (typically through a short energy or modulation detection
measurement), and quickly steps to the next power level, so as to minimize the

total reading time of the tags, as further described below.

I1l. Channel Selection and Transmission Methods

30 All multiple source (or multi-user) communications methods use some

type of channelization method, as does the present invention. It is possible to



categories: orthogonal channelization methods or quasi-orthogonal
channelization methods. The present invention relies on the fact that system
5 operation (i.e., the number of available channels) can be optimized for a
given number of active tags and communications channel conditions.
Orthogonal communications channels have the advantage that
communication on a chosen channel do&% not interfere (at all) with

communication on other channels in a linear system (i.e., the_ _
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inary zero into the sequence (at different points In the sequence depending

on 16 i epibdepasiradinc Ihiél fieaistanighESRI seayrnsRdRizaM-

artificialljuence) are known to have low (i.e., quasi-orthogonal) cross-correlation
properties. The cross correlation value of two unaligned sequences is defined to
be -1/N (normalized), where N is the length of the LFSR pseudonoise (“PN”)

20 sequence. Different code phases of the same base m-sequence are often used to
channelize different users in a code-division multiple access system. Each
symbol or bit in the PN sequence is typically referred to as a 'chip’, as is well
known in the art.

Some examples of orthogonal channelizing functions include, but are

25 not limited to, Walsh functions, timeslots in a slotted system, frequencies in a
frequency division system, specially augmented PN codes, etc. Some examples
of quasi-orthogonal channelizing functions include m-sequences or PN
sequences as described above.

An example of a specially augmented PN code is one that has an
30 artificially inserted (i.e., not generated by the normal operation of the LFSR)

binary zero into the sequence (at different points in the sequence depending on



inserted zero occurs at the same time offset on each channel, resulting in a
zero cross-correlation value between different code phases of the same
m-sequence. Note that the preferred embodiment of the present invention
utilizes these 5 specially augmented m-sequences (whose generation is
shown in FIG. 11) to obtain orthogonal code channels in the synchronized
system. As an added benefit of the em&l%yed spread spectrum techniques,
resistance to interference (also called processing or spreading gain) is also
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In the preferred embodiment of the described system, the channel

selection 240 is typically based directly on the data 220 stored on the tag 110.
20  The tag 110 will then typically transmit its information (i.e., identification data)

in the preferred embodiment on the chosen channel, until the next pass of the

algorithm, at which time it will choose a new channel and repeat the process.

The transmissions of the tags are assumed to be roughly synchronized (by virtue

of the first predetermined transmission condition) in the preferred embodiment
25  of the invention.

The channel selections by each of the tags are based upon predetermined
information (i.e., determined either at tag programming 230 in typical
embodiments, actual data gathered by the tag, or possibly in the design of the
tag itself). In the preferred embodiment of the present invention, the channel

30 selections of each tag 110 are determined (in an algorithmic manner) directly
from the identification data 220 that is stored on the tag 110 (as further



described below). Also note that in other embodiments, the predetermined
information above can include pseudo-randomly generated numbers not
directly based on the data stored on the tag 110. As fully described in
Section | above, and a key for good system 5 performance, the preferred
embodiment of the described system requires that at least a portion of the
data 200 (e.g., EPC, CRC, etc.) be pre-r]gndomized (or scrambled) 211
before storing it 230 on the tag 110. Since the tag 110 essentially uses the
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communications channel 240 in each pass. A channel selector 1220, such as a
commutator or multiplexing device 1240, typically selects a channel. A new
20  subset 221, 222, 223, 224 (i.e., a new random number draw) of the data stored
on the tag 220 is typically utilized for channel selection in each subsequent pass
of the algorithm, ensuring a random and independent selection of channels
throughout the multiple pass transmission algorithm. When any adjustments
are dynamically made to the number of available channels, block 240 may
25  select the next n-bits of the stored data to choose the next channel, as further
described below. The option of cyclically extending the stored data can be
employed without limit when selecting more than the stored amount of data on
the tag.
Note that the tag 110 may transmit all of its data 220 in each algorithm
30 pass (as in the preferred embodiment), or only a portion of the data (i.e.,

generally enough data is transmitted to determine the channel utilized by the tag



18 in the next pass). Typically, the portions 221, 222, 223, 224 of the data
that are utilized for the channel selection in each pass of the algorithm are
unique and contiguous sections of the data 220, preferably pre-randomized,
though these conditions are not strictly required. A particular selection of
channels for 5 passes of the multiple pass transmission algorithm is termed a
“channel selection profile'. For example; 1%n a system with 128-bits of
pre-scrambled identification data 220 stored on each tag, unique but
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details jn Section V below). 25 Of course, those skilled in the art recognize
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(generally sensed in the tag 110 by the second predetermined condition being
met in 704 (1210) as described above). Once the data is exhausted, the whole

20  process may optionally be repeated, though the tags will typically choose the
same (deterministic) channels. Note once again it is desirable to choose a
random and uniquely determined channel for each algorithm pass for each tag
in order to randomize the collisions that will inevitably occur (see further details
in Section V below).

25 Of course, those skilled in the art recognize that other (e.g., non-
contiguous or not completely unique) sections of the data may be used to either
directly or indirectly select the communications channel in each pass. In this
manner, it is possible to extend the maximum number of algorithm passes
before the channel choices repeat, virtually without limit. The channel selection

30 profile (or channel choice algorithm) may be modified after some number of

transmission passes, such that a different subset of the same data 220 is utilized



transmission passes, such that a different subset of the same data 220 is
utilized 19 for later channel selections 1220 (in order to extend the unique
channel choices before any repetition of the pattern occurs). For instance,
after 16 passes of the multiple pass transmission algorithm, the tags may
shift the channel selection data (i.e., the predetermined data) by n-bits
(where n=1..8 for the above 5 example) ]té) arrive at new channel selections
for subsequent passes of the algorithm. In this manner, it is possible to
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channels for each user to select in each pass of the multiple pass
commHicaiths algorithm), there will inevitably be collisions among the

transmitting tegsotAeceitibmiimsrdedinid cwmthel selsetivhalgtitvononanatsotags
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pass. This is based on the fact that, for M tag_s communicating over N
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Since the channel resources are limited (i.e., there are a limited number

of available channels for each user to select in each pass of the multiple pass
communications algorithm), there will inevitably be collisions among the
transmitting tags. A collision is defined as the case where two or more tags

20  choose to communicate on the same channel during a particular algorithm pass.
This situation is to be expected under normal system operation. For example,
for a typical case of twenty-five tags communicating over 64 channels, the
probability that there is at least one collision is 99.6% per pass. This is based
on the fact that, for M tags communicating over N channels, the expression for

25  the probability of no collisions is

N! 1

Pr{no collision}= —_
{ } (N-M)! N

Several numerical examples of colliding tag transmissions and their
remedies are discussed below in Section V - Collision Mitigation Methods.
In many cases, the number of tags present in the system (at a particular

30 power-on level) may even exceed the number of available channels (especially



remedies are discussed below in Section V - Collision Mitigation Methods. In
many cases, the number of tags present in the system (at a particular 30
power-on level) may even exceed the number of available channels
(especially 20 on earlier passes of the preferred embodiment algorithm, or
when the number of available channels is set low as described below). This
situation is completely acceptable in th@opresent invention when orthogonal
channelization means are utilized. Note that typical DS-CDMA systems
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“*Bi variable number of channels per algorithm pass (i.e., per unit time) is also
termed a dynamic channel profile in the present discussion, since the number of
available channels changes dynamically with time. Implementing the dynamic
20  channel profile essentially optimizes the total transmission time (or total reading
time) for one or more expected tag populations.
Note that the transmission time for each pass of the algorithm is
typically proportional to the number of channels available for that pass of the
algorithm (regardless of the channelization method that is utilized). The total
25  transmission time (Ttx) for the multiple pass transmission algorithm can be

expressed as

1 L
TTX :_ZNi * Bi
Ri=

where L is the number of transmission passes that are required to successfully
transmit the data, R is the transmission (signaling or channel symbol) rate, B; is

30 the number of data symbols that are transmitted per pass, and Nj is the number



R ,1 where L is the number of transmission passes that are required to
successfully transmit the data, R is the transmission (signaling or channel
symbol) rate, B; is 30 the number of data symbols that are transmitted per
pass, and Ni is the number 21 of channels available (or spreading gain) in
the it' pass of the algorithm. Note that in one embodiment of the described
system, L can be equal to 16 passes (a%wed) B; is fixed at 128 bits, R is
equal to 62.5KHz, and the particular Ni values are given in the example
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number (L) of transmission passes from the_tags 110, 120, 130. In general,
there are no restrictions on any of the v Iue% in the above equation in other
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greatly reduce the required number (L) of transmission passes from the tags
110, 120, 130. In general, there are no restrictions on any of the values in the
above equation in other embodiments of the described system.

20 Since the transmission time per pass is dependent on the number of
channels per pass (and the symbol rate) in the preferred embodiment as shown
above, the system's total reading (i.e., acquisition) time performance can be
improved for a small number of tags by using a smaller number of channels in
earlier passes of the multiple pass transmission algorithm (since adding more

25  channels to the system in such a case would be of little additional benefit for
small numbers of tags). The number of channels may be increased in later
passes of the algorithm (potentially in multiple steps) to accommodate cases
where larger numbers of tags are present in the system, or cases where the
communications channel is poor, and the reader 100 does not employ the more

30 sophisticated signal processing (e.g., advanced collision mitigation) techniques

referenced in Section V below. Increasing the spreading gain increases the



passes of the algorithm (potentially in multiple steps) to accommodate cases
where larger numbers of tags are present in the system, or cases where the
communications channel is poor, and the reader 100 does not employ the
more 30 sophisticated signal processing (e.g., advanced collision mitigation)
techniques referenced in Section V below. Increasing the spreading gain
increases the 22 system's immunity to Gther noise or interference sources,
which also increases system robustness (allowing it to operate successfully
under &¥8AENBNUEHM IR GRIBEIRIPRAERAIAFBICAER 8NHGHES) WRIERRITR Hierrases
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commudapétionotiremuettik? 60 avadadb @gasadls (hshersstaimispd foesitireg
once ?egd%i?)zae%total of 16 algorithm passes before unique, non-overlapping
portions of the’data are exhausted. Other embodiments of the system may

utilize a vari&BleeXaimRife p sflprEetherPpdimeahahissless dgd apienpadizenat
changesgfiey #2iaLre6 eiaHn eshREREE bRl REGHESn i A BRI pRssHICHrst
SIXteerér%%ﬁggsinO{h%hgrd and 4th algorithm passes, 128 channels in the 5th through
8th passes, and 1024 channels in the latter 8 algorithm passes. Note once again
20 that unique subsets of the data 220 are utilized to directly choose 1220 the
communications channel 1260 in each pass in this embodiment, resulting once
again in a total of 16 algorithm passes before unique, non-overlapping portions
of the data are exhausted. Other embodiments of the system may utilize a
variable number of channels per transmission algorithm pass that changes after
25 apredetermined number of passes. For instance, the first sixteen passes of the
multiple pass transmission algorithm in the above example may utilize
anywhere from 32 - 256 available channels (i.e., five to eight-bits of channel
selection data), while the next sixteen passes may utilize anywhere from 256 -
4096 available channels (i.e., eight to twelve-bits of channel selection data). In
30 this manner, the dynamic channel profile (or number of available channels per

algorithm pass) may be extended virtually without limit. Also note once again



multiple pass transmission algorithm in the above example may utilize
anywhere from 32 - 256 available channels (i.e., five to eight-bits of channel
selection data), while the next sixteen passes may utilize anywhere from 256
- 4096 available channels (i.e., eight to twelve-bits of channel selection data).
In 30 this manner, the dynamic channelé)rofile (or number of available
channels per algorithm pass) may be e fended virtually without limit. Also
note once again 23 that the maximum number of passes may be extended
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to make the entire system most efficient, It is desirable to adaPt the number
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tags may be girgaipimiRePa AP MIXBAHLINR, NEXLEARSIBiRSiARNt
pass (_or at some other arbitrary time), which effectively re%uires a 1-bit
&gnahﬁﬁ number of available chanhels pet algorithm pass. THis can be readily
accomplished while keeping the tag complexity low through the use of
20  simplified signaling mechanisms. Such mechanisms can be utilized by the
reader to signal all activated tags to either increase or decrease the number of
available channels used for transmission of their data. For example, all active
tags may be directed to increase spreading gain in the next transmission pass (or
at some other arbitrary time), which effectively requires a 1-bit signaling
25 method to the tags (e.g., a flag signifying active tags to either increase N;, or to
leave N; the same). Alternately, for the example, all active tags may be directed
to decrease processing gain in the next transmission pass (or at an arbitrary
time), which also effectively requires a 1-bit signaling method to the tags (e.g.,
a flag signifying active tags to either decrease Nj, or to leave N; the same).

30 Generally speaking, any adjustment of the number of available channels in the



25 method to the tags (e.g., a flag signifying active tags to either increase Ni,
or to leave Ni the same). Alternately, for the example, all active tags may be
directed to decrease processing gain in the next transmission pass (or at an
arbitrary time), which also effectively requires a 1-bit signaling method to the
tags (e.g., a flag signifying active tags to either decrease Ni, or to leave Ni
the same). 30 Generally speaking, any ﬁéjustment of the number of available
channels in the 24 system will require the system to also reset to a known
state bRRPE Yk ERBHRSEROTY IR ave feprb P arkipRMMEI RFeRR present
inventigfapsiighis sent to all tags indicating whether to either increase,

decrease or leaye the same the 5 number of available channels (equivalent
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transmissijons. There are several reasons why it is desirable to adapt the
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tags active |n_|_t£1e$es rgtseer\per Iorggsl,grl% why it is desirable to adapt the transmission
system'’s spreading gain (or processing gain). The most important reason is that
20 the overall tag reading transaction time can be significantly reduced over
systems that employ fixed channel profiles (even those that contain fixed
stepping or change points as described above). This is because the system's
operation can be optimized by the reader based upon several factors, including
but not limited to, an estimated number of tags active in the system (possibly
25  from prior read cycles), the severity of collisions in the system, an estimated
signal to noise ratio (SNR) or carrier to interference ratio (CIR) for the
communications link, or a desired reliability or read time goal. Such
measurements are termed communications link quality factors, and may be
determined by factors that are either internal or external to the system. Further

30 description is given below.



25 from prior read cycles), the severity of collisions in the system, an
estimated signal to noise ratio (SNR) or carrier to interference ratio (CIR) for
the communications link, or a desired reliability or read time goal. Such
measurements are termed communications link quality factors, and may be
determined by factors that are either internal or external to the system.
Further 30 description is given below. 2% For example, if the reader senses
that most available channels contain transmission collisions (as further
described in B¥HEARIDE J19)erdeHP15pt toatimoss adilahte shirApee 6Pmdilable
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The reader may also opt to decrease the number of available channels if
the communications link is good (e.g., the SNR or CIR is above some other
20  determined threshold). In the former case, such an action (e.g., decreasing N;)
will provide fewer channels for the tags to choose from, thus providing less
system resources (e.g., available channels or timeslots) and making collisions
less likely. In the latter case, increasing N; will increase the spreading gain of
the system, effectively affording a higher bit SNRs after despreading in the
25  reader receiver. Generally, the reader will want to utilize as few available
channels as possible in order to minimize total read transaction time, since
transmission time increases as the number of available channels increase, as
described above.
In the preferred embodiment of the present invention, the tags will begin
30 with arelatively low number of available channels (N;) in order to keep the

total read time low for applications with small numbers of tags. Note that this



25 reader receiver. Generally, the reader will want to utilize as few available
channels as possible in order to minimize total read transaction time, since
transmission time increases as the number of available channels increase, as
described above. In the preferred embodiment of the present invention, the
tags will begin 30 with a relatively low number of available channels (N1) in
order to keep the total read time low forzgpplications with small numbers of
tags. Note that this 26 initial number of channels will depend on the expected
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no- C'\froegge%%y) than the initial number of channels. One form of such knowledge
may come from a previous read cycle (in which the actual number of tags was
20  determined), especially if other throughput enhancing methods are utilized in
the application Serial No. __, filed March 11, 2003, titled “Method and
Apparatus for Electronic Item Identification in a Communication System Using
Known Source Parameters” by Kuffner, et al. (attorney docket no. CM05697G).
Other forms of such knowledge could come from the reader operator, or other
25  measures that estimate the number of tags present in the system (e.g., total
received signal strength, capacitance, inductance measurements).

Note that the adaptation method may be combined with other forms of
signaling to the tags in the system, such as with tag synchronization methods
described in the application Serial No. __, filed March 11, 2003, titled

30 “Method and Apparatus for Source Device Synchronization in a

Communication System” by Kuffner, et al. (attorney docket no. CM05696G).



Other forms of such knowledge could come from the reader operator, or
other 25 measures that estimate the number of tags present in the system
(e.g., total received signal strength, capacitance, inductance
measurements). Note that the adaptation method may be combined with
other forms of signaling to the tags in the system, such as with tag
synchronization methods described in thé application Serial No. , filed March
11, 2003, titled 30 "Method and Apparatus for Source Device
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PWM in order to keep tag complexity low. The preferred embodiment of the

signaling method is further described below.

20 In the application Serial No. | filed March 11, 2003, titled
“Method and Apparatus for Source Device Synchronization in a
Communication System” by Kuffner, et al. (attorney docket no. CM05696G), it
was disclosed that the tags were all synchronized to the same edge and same
sense of the clock with a gap detection circuit and an edge selection circuit. In

25 that disclosure, the gap was used only once at the initial synchronization of the
system, after which the RF signal was applied continuously until such time that
the reader had determined that the inventory was satisfactorily accounted.
There, the standardized spreading channel profile stored on the tag was
followed, and the spreading gain automatically updated in each tag based on a

30 local state machine that tracked the pass. In this filing, the tag can still be

programmed with a spreading gain profile or alternatively only an initial



was disclosed that the tags were all synchronized to the same edge and
same sense of the clock with a gap detection circuit and an edge selection
circuit. In 25 that disclosure, the gap was used only once at the initial
synchronization of the system, after which the RF signal was applied
continuously until such time that the reader had determined that the
inventory was satisfactorily accounted. Fhere, the standardized spreading
channel profile stored on the tag was followed, and the spreading gain
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those s In the art without departing from the spirit o invention.
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the 20 @ﬁ&lfﬁ?tmk%ﬁﬁtﬂldﬁl@o%&ﬁﬂ,@% filediRctelprehée 3PP dlilashves
"Channel Selection Method used in a Communication System" by Gurney, et
al. (att%ag in its initial spreading gain. If no other gaps occur,the tag will continue
to use its internally programmed spreading profile as described in the
20  application Serial No. 09/981,031, filed October 17, 2001, titled “Channel
Selection Method used in a Communication System” by Gurney, et al. (attorney
docket no. CM01960G), as long as the RF signal is applied. However, the
reader may now insert gaps at the beginning of a transmission pass (or even
within a pass if it so chooses). In the second waveform 501 of FIG. 5, the
25  reader powers up at 515 and inserts a synchronization gap 520 of duration Ts.
In this example, shown at the end of the first pass 525 (though in general it can
occur any time at the discretion of the reader), the reader, based on collision
statistics or other signal quality criteria, decides to insert another gap 530, also
of duration Ts. This and any gap 530 would be detected by the tag
30 synchronization detection circuitry and, based on the fact that it was not the first

gap after power-on, interpreted as a command to adapt the processing gain. The



docket no. CM01960G), as long as the RF signal is applied. However, the
reader may now insert gaps at the beginning of a transmission pass (or even
within a pass if it so chooses). In the second waveform 501 of FIG. 5, the 25
reader powers up at 515 and inserts a synchronization gap 520 of duration T.
In this example, shown at the end of the first pass 525 (though in general it
can occur any time at the discretion of tfe reader), the reader, based on
collision statistics or other signal quality criteria, decides to insert another
gap 53069 4RSS "6F BRINATIEAVN AURRIARE SRRS 498D YPET IENBEISESEER B the
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drives two rampesanapefakeradiataie CREIRERE QTR GRS NEBIRIRRIM 603
and a ggr?sr%lrs]%own in FIG. 6. An inverter 602 is connected to one of the tag
electrodes 601 to extract a clock signal. The inverter output drives two ramp
20  generators that are composed of a charging element 603 and a charging
capacitor 604. When the inverter 602 output goes low, the charging element
very quickly sources a charge onto capacitor 604. When the inverter output
goes high, the capacitors 604 begin discharging through the discharge elements
605, 606. The values of these discharge elements are set to provide two
25  different discharge rates, one long (606) and one short (605). They discharge
slowly compared to the cycle time of the RF waveform so that capacitors
remain essentially charged with some small amount of ripple while the RF is
on. When the gap occurs, it lasts long enough that at least the fast time constant
capacitors discharge. The voltages on each capacitor 604 are compared to a
30 threshold 608 by comparators 607. The comparator outputs trigger one-shot

generators that consist of D-flip flops 609 with an RC feedback 610 to clear the



capacitor 604. When the inverter 602 output goes low, the charging element
very quickly sources a charge onto capacitor 604. When the inverter output
goes high, the capacitors 604 begin discharging through the discharge
elements 605, 606. The values of these discharge elements are set to
provide two 25 different discharge rates, one long (606) and one short (605).
They discharge slowly compared to the38ycle time of the RF waveform so
that capacitors remain essentially charged with some small amount of ripple
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the initjal state of the counter can be set one higher than the desired initial
proceégfﬁ'ﬁlﬁ)é’ﬂ‘ibs@en the counter must be disabled. "Alternatively, the initial state

of the counter can be set one higher than the desired initial processing gain, so

20 that when an initialization gap that commands the tag to reduce its spreading
gain comes along, the spreading gain will decrease from an intentionally high
value (e.g., 64) to the desired starting value (e.g., 32). After the first synch
pulse, this control could be released so that the spreading gain may be altered
by the reader.

25 An example of the tag waveforms for this circuit are also shown in FIG.
6. The input of inverter 602 is shown in waveform 651 with gap 652. The
voltage on ramp capacitors 604 is shown in waveform 653, and the comparator
threshold 608 is shown as dashed line 654. When the faster time-constant
capacitor discharges with ramp 655, it crosses the threshold and the comparator

30 outputs pulse 656. Slower discharging ramp 657 does not fall below the
threshold before the gap 652 terminates. The rising edge of 656 causes the one-



20 that when an initialization gap that commands the tag to reduce its
spreading gain comes along, the spreading gain will decrease from an
intentionally high value (e.g., 64) to the desired starting value (e.g., 32). After
the first synch pulse, this control could be released so that the spreading
gain may be altered by the reader. 25 An example of the tag waveforms for
this circuit are also shown in FIG. 6. Thélinput of inverter 602 is shown in
waveform 651 with gap 652. The voltage on ramg capacitors 604 is shown in
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with the low state control at. 612, incrementing the counter and the
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Specifically, in the preferred embodiment of the described system, the
random channel choices are utilized to select a particular spreading code (or
20  code channel in 1220) in each pass of the multiple pass transmission algorithm.
More specifically, in the preferred embodiment, portions of the data 220
stored/programmed on the tag 110 are used to directly specify a time offset (or
code phase as in 1220) of a length-N specially augmented m-sequence (where N
is equal to the number of channels in a particular algorithm pass, as described
25 above). Note that spreading codes may also be complex valued, without any
loss of generality. This process is shown schematically in FIG. 11. Different
phases of a PN sequence are commonly obtained by applying a masking
function (or AND-XOR reduction network 1100) of the PN generator (LFSR)
state, which effectively performs a modulo-2 sum of two or more m-sequences
30 to produce a third code phase of the same m-sequence. Thus, all of the tags

110, 120, 130 use the same basic LFSR (m-sequence) generator in each



random channel choices are utilized to select a particular spreading code (or
20 code channel in 1220) in each pass of the multiple pass transmission
algorithm. More specifically, in the preferred embodiment, portions of the
data 220 stored/programmed on the tag 110 are used to directly specify a
time offset (or code phase as in 1220) of a length-N specially augmented
m-sequence (where N is equal to the ndfmber of channels in a particular
algorithm pass, as described 25 above). Note that spreading codes may also
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e.g., an gaten dlg impl tations, oram ierin an
implementations, as is well known to those skilled in the art) The spread data
signals of the activated tags are then sent (in aggregate) over the given

20 communications channel.

Note that the tags could employ a range of modulation types to transmit
their data (e.g., amplitude modulation, phase modulation, frequency
modulation, or some combination thereof). The preferred embodiment of the
system utilizes a form of amplitude shift keying (“ASK”) from load modulation

25  viatransmission element 702, though other modulation types and
implementations are certainly possible (e.g., Differential Quadrature Phase Shift
Keying, Quadrature Amplitude Modulation, Pulse Code Modulation, Pulse
Amplitude Modulation, Pulse Position Modulation, etc.). The use of many
different carrier frequencies for transmitting tag information are possible,

30 ranging from tens of kilohertz to several gigahertz (e.g., 125KHz, 13MHz,



implementations, as is well known to those skilled in the art). The spread data
signals of the activated tags are then sent (in aggregate) over the given 20
communications channel. Note that the tags could employ a range of
modulation types to transmit their data (e.g., amplitude modulation, phase
modulation, frequency modulation, or some combination thereof). The
preferred embodiment of the system utifizes a form of amplitude shift keying
("ASK") from load modulation 25 via transmission element 702, though other
modul 48N HhEA St impPie sieplavians efre \asiehifd3bsippding. gnd
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also PQRE ‘SJf'%c%(}S'nS’B&Ee’PEJ {Qgé‘%ya\@@}s&kﬁ‘?é}lé%d does not in any way limit the
use of the present invention. A general goal of the system is to minimize the
complexity of the tag 110, and through the use of the described techniques in
20 the preferred embodiment, the circuitry on the tag 110 can be kept to a

minimum.

IV. Fast Demodulation Methods

The reader is responsible for performing many important signal
25  processing steps. As shown in FIG. 13, the reader 100 typically begins the
reading process of the tags 110, 120, 130 by initializing the output of a signal
source 1310 with a transmit level control 1320 and amplifier 1330, and
transmitting power at some minimum level. The reader 100 then begins
transmitting a continuous wave at that level in the preferred embodiment. Once
30 the reader 100 is transmitting at a particular power level, it typically listens (via

the coupling device 1340 and antenna 1345) for any return signal from the tags



use of the present invention. A general goal of the system is to minimize the
complexity of the tag 110, and through the use of the described techniques in
20 the preferred embodiment, the circuitry on the tag 110 can be kept to a
minimum. 1V. Fast Demodulation Methods The reader is responsible for
performing many important signal 25 processing steps. As shown in FIG. 13,
the reader 100 typically begins the reacﬁf’ig process of the tags 110, 120, 130
by initializing the output of a signal source 1310 with a transmit level control
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In general, the reader 100 may also perform active or passive
suppression 1360 of its carrier signal in certain embodiments, and interference
or noise cancellation (for any form of interference from sources other than the

20  desired tags in the system).

As stated above, the preferred embodiment of the present invention
utilizes spread spectrum modulation in the tags 110, 120, 130. Thus, the
received data must be despread in the reader 100 for each code channel by first
reverse-applying each possible spreading code (or the complex conjugate of

25  each complex spreading code), as is well known in the art.

More specifically, because the preferred embodiment of the described
system utilizes specially augmented m-sequences as spreading sequences in the
tag 110, very fast and efficient demodulation (i.e., despreading and
channelization) techniques can be utilized in the reader demodulation

30 processing 1390. These techniques substantially reduce (e.g., by about a factor



suppression 1360 of its carrier signal in certain embodiments, and
interference or noise cancellation (for any form of interference from sources
other than the 20 desired tags in the system). As stated above, the preferred
embodiment of the present invention utilizes spread spectrum modulation in
the tags 110, 120, 130. Thus, the received data must be despread in the
reader 100 for each code channel by firdP reverse-applying each possible
spreading code (or the complex con{)ugate of 25 each complex spreadin
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to the ratio of the number of traditional glespreading gperations to the
number of improved desp'?eﬁ(‘[l L —@d‘_gp,gr iQns peks m(using a

combination of received sequence re-ordering and Fast Hadamard
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the (e.g., 10 MOPS vs. 570 MOPS) may be utilized in the reader 100 in the
preferred embodiment in the best case (with no collision mitigation as described
below).
Recall that specially augmented m-sequences (shown in box 1120 of
20  FIG. 11) are an orthogonal extension of traditional PN sequences, which have
some similarities to orthogonal Walsh codes (shown in box 1420 of FIG. 14);
namely, the two sets of sequences have the same number of binary ones and
zeroes in the sequence (i.e., they are of equal weight). In fact, the two types of
sequences (i.e., length N; specially augmented m-sequences and Walsh
25  sequences) are related through the use of a single special re-ordering function.
This special re-ordering function is derived directly from the primitive
polynomial that is used to generate the base m-sequence (as is shown in the tag
sequence generator 1110) in reader receiver block 1520 of FIG. 15. The
sequence re-ordering function 1510 is used to directly re-order the data samples

30 (or elements) as the receiving device 1375 receives them, as fully described



preferred embodiment in the best case (with no collision mitigation as
described below). Recall that specially augmented m-sequences (shown in
box 1120 of 20 FIG. 11) are an orthogonal extension of traditional PN
sequences, which have some similarities to orthogonal Walsh codes (shown
in box 1420 of FIG. 14); namely, the two sets of sequences have the same
number of binary ones and zeroes in th%esequence (i.e., they are of equal
weighééﬂg fact, the two types of sequences (i.e., length Ni specially
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receiving device 1375 receives them, as
receivikfHevice 1375 could be an analog to digital converter, an analog
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methogdssyyilaaul steparing fieexiheaaRifitneldderibed processing techniques can
be performed in either the analog or digital signal processing domain.
Note that traditional FHT algorithms (e.g., as shown in box 1410) are
20  well known, and their basic kernel operation (box 1400, termed a 'butterfly’) is
shown in FIG. 14. A radix-2 FHT butterfly is similar to a radix-2 FFT butterfly,
though it consists of multiplying the data elements by only a +1 and -1 value (or
equivalently adding and subtracting the data values together). The trellis
structure 1410 of an 8x8 FHT is also shown. Each output of an FHT 1550 is
25 termed an FHT bin or FHT code channel. A N-point FHT effectively correlates
against all possible length N orthogonal Walsh sequences when completed. In
the preferred system, this is equivalent to correlating against all possible code
phases for a length N sequence. Since the FHT is a fast transform, it can be
shown that the processing savings over traditional correlation (similar to the

30 factor F expressed above) is equal to (N°/ N log N) for an N-point orthogonal



described system. Also note that all of the described processing techniques
can be performed in either the analog or digital signal processing domain.
Note that traditional FHT algorithms (e.g., as shown in box 1410) are 20 well
known, and their basic kernel operation (box 1400, termed a 'butterfly’) is
shown in FIG. 14. A radix-2 FHT butterfI%/ is similar to a radix-2 FFT butterfly,
though it consists of multiplying the data Elements by only a +1 and -1 value
(or equivalently adding and subtracting the data values together). The trellis
structuiRIeNES ofHmSBRE FaMings ia s st6\n UERIDaASEiRad FaSIT 1550 is
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Spelel((:caolh‘/élztiﬁon) method may now be utilized (in 1540) to effectively despread the
received data channels in parallel. Note that the data sequences can also be

20  double buffered in memory to accommodate any processing latency.

The output indexes (or bins) 1550 of the FHT that exhibit signal energy
correspond directly to the mask values 1130 (when expressed in binary) that
were used in the AND-XOR reduction 1100 in the tags 110, 120, 130. For
example, the channel selection code 1130 (the ‘cO-c4’ shown in FIG. 11)

25  (transmitter processing) directly corresponds to the active outputs 1550 of the
FHT block 1540 in FIG. 15 (receiver processing). Recall that the binary mask
value 1130 is applied in the tag 110 to select a particular code channel (or code
phase). This is also shown in FIG. 7, where the mask 710 is drawn from the tag
data 240 to input to the channel selection 240. That is, the binary mask value

30 1130 (and FHT bin index) directly corresponds to the data 221, 222, 223, 224

stored on the tag 110, that was utilized to select a channel during a particular



rows in a Hadamard matrix). Thus, a traditional fast (Hadamard) transform
(correlation) method may now be utilized (in 1540) to effectively despread the
received data channels in parallel. Note that the data sequences can also be
20 double buffered in memory to accommodate any processing latency. The
output indexes (or bins) 1550 of the FHT that exhibit signal energy
correspond directly to the mask values ££30 (when expressed in binary) that
were used in the AND-XOR reduction 1100 in the tags 110, 120, 130. For
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1840 over the portion 222 used to select the channel 240 for the secand
15, the demodulator is able to rapidly demodulate (i.e., despread) all possible

code channels (i.e., code phases) in the preferred embodiment. Note that a N-

20  point FHT will typically be required to demodulate N-channels for each
received symbol period in the receiver (which corresponds to the required
dechannelizing and despreading operation for each potential data channel and
symbol). Also note that other embodiments of the transponder system may
utilize orthogonal Walsh codes for channelizing functions, in which case the

25  FHT bins would correspond directly to the Walsh code channel indexes (and no
re-ordering process is necessary). Such a system would not have as good of
interference rejection capabilities when compared to the preferred embodiment
though, since Walsh channelizing codes are periodic and could be highly
correlated with periodic interference sources. Therefore, the preferred

30 embodiment of the system utilizes specially augmented m-sequences as

channelizing functions, and the above described demodulation techniques. Also



pass is the binary equivalent of the FHT bin number. Through the combined
re-ordering and FHT technique shown in FIG. 15, the demodulator is able to
rapidly demodulate (i.e., despread) all possible code channels (i.e., code
phases) in the preferred embodiment. Note that a N 20 point FHT will
typically be required to demodulate N-channels for each received symbol
period in the receiver (which corresponoasc’to the required dechannelizing and
despreading operation for each potential data channel and symbol). Also
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transmitters are assumed to send these sequences independently over the
the transmitted PN sequences is the same as the states that an equivalent
specially augmented PN generator would cycle through, or {0, 15, 7, 11, 5, 10,
20 13,6,3,9,4,2,1,8, 12, 14, the same as is shown in 1120} for this example.
This sequence may be generated in the reader 100 by replicating the m-
sequence generator 1110 that is utilized in the tag 110, and observing the PN
generator states, or by simply storing the required re-ordering sequence in
memory. The re-ordering sequence is utilized to store the incoming received
25 data sample stream into memory using indirect addressing. For example, the
first valid A/D sample (optimally sampled at the spreading or chip rate) that
arrives at the reader is stored in memory buffer location 0 of storage medium
1530 (as is the case for all specially augmented codes), the second sample is
stored at memory location 15, the third at location 7, and so on. Once N (16 in
30 this example) samples are received, normal FHT processing 1540 can be

performed on the newly re-ordered data samples in the memory buffer 1530.



15 communications channel. The reader receiver will resolve these two
signals using a special re-ordering function 1520 and FHT processing (as
shown in FIG. 15). The special received data sample re-ordering that must
be utilized for the transmitted PN sequences is the same as the states that
an equivalent specially augmented PN generator would cycle through, or (O,
15,7, 11,5, 10,2013,6,3,9,4, 2,1, 8, ‘12, 14, the same as is shown in
11201 for this example. This sequence may be generated in the reader 100
by repilé&tiRyieRsing feaeiithed | Jengaedhel D90LHITA F94RMVE IAttHBRag 110,
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accommodated by keeping track of where the additional chip (e.g., other than

the first chip as described above) is inserted into the sequence.

20 The above described fast correlation techniques (i.e., a particular receive
sequence re-ordering 1510 and FHT 1540) apply to any communication system
that uses PN sequences that can be generated with an AND-XOR reduction
network 1100 (whether or not they are generated with such a network). Many
popular communications systems utilize these types of PN sequences, or

25  sequences generated from a combination of traditional m-sequences (such as
Gold codes, as is well known in the art). Some examples of such systems are
the 1S-95, 1S-2000, 3GPP CDMA cellular systems, and the GPS CDMA
location system. The above fast correlation techniques can be equally as
effective in these systems.

30 In any case (regardless of the channelization techniques employed), the

composite received signal must be filtered and amplified in the receiver front



1530 is initialized to a +1 value, and processing (i.e., re-ordering 1510 and 15
FHTs 1540) continues as normal. In this manner, very fast correlation can be
performed for multiple code channels (or code phases) for traditional PN
sequences. Other normally augmented PN sequences can also be
accommodated by keeping track of where the additional chip (e.g., other than
the first chip as described above) is inselted into the sequence. 20 The
above described fast correlation techniques (i.e., a particular receive
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Also note that the demodulation process is generally a multiple iteration

process in many embodiments of the present invention, since it is typically not

20 likely that all tags will successfully transmit their information on the first pass
of the multiple pass transmission algorithm. Thus, the reader 100 must remain
powered up (at the same power level) and continually demodulate the incoming
data until all data from the tags has been successfully received (further using the
methods described below). Also, when advanced collision mitigation

25  techniques 1630 are utilized in the reader 100 (as detailed below), multiple
demodulation iterations (e.g., FHTs) may be required for each pass of the
multiple pass algorithm. Also note that subsequent passes of the multiple pass
transmission algorithm may require the demodulator to adapt to a new number
of channels, as described in the dynamic channel profile discussion above.

30



may utilize orthogonal timeslots as the channel (such as in a slotted ALOHA
system), in which case signals from different tags would be demodulated as
15 they arrive (at different points in time). It should be noted that the selected
channelization method does not change the general type of collision
mitigation algorithms that can be employed in the reader 100, as further
described below. Also note that the demtdulation process is generally a
multiple iteration process in many embodiments of the present invention,
since it is typically not 20 likely that all tags will successfully transmit their

information on the first pass' otmﬁsmmmggmﬁw@mission algorithm.
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the casd@sdoeuerhtvhen two or more 10 tags choose to communicate on the
same channel at the same time (i.e., durlntg a particular pass of the multiple
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uniforrgeﬁﬂg%go%q}% oaeélfgﬁi'go%%geﬁf&%g?ew& 100. For instance, a low cost

receiver may not utilize any collision mitigation techniques, while a higher cost

(higher processing power version) of the receiver may utilize advanced collision

20  mitigation techniques.

The general discussion below first assumes that no particular collision
mitigation techniques are utilized, and then later examines cases where collision
mitigation techniques are utilized. Note that the tags 110, 120, 130 in general
transmit the same patterns regardless of whether collision mitigation is utilized

25 inthe reader 100. Each tag (e.g., 110) is in effect 'blind' to other tags present in
the system (e.g., 120, 130). Performing the following additional steps further
carries out the demodulation process in the receiver.

In general, the reader 100 cycles through each of the possible despread
communications channels (either sequentially or concurrently) in a given

30 communications pass, and looks for signal activity or signal energy on each.



this document. 15 It is possible to either utilize or not utilize collision
mitigation techniques in the reader 100 in the described system (as further
detailed below), depending on the desired complexity of the reader 100. For
instance, a low cost receiver may not utilize any collision mitigation
techniques, while a higher cost (higher processing power version) of the
receiver may utilize advanced collision pAY mitigation techniques. The general
discussion below first assumes that no particular collision mitigation
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method of estimating the siignal energy on each channel. In particular, this
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migthoMExAAina s & 510 LRi0e RESHARAdh A heBiGui S8BN6t edBR channel's
optimalbylsaing Eegadrsptendarne utptiogigtihtén theathedate bechoovendmed If the

absolute value (ABSy) for channel k, where DSy, is the unnormalized optimally
sampled despreader (FHT) output for channel k and symbol n, N; is the number
of available channels (or spreading sequence length), B is the estimation block

20  length (in bits or symbols), and n is the bit or symbol-time index:

=Y
ABSk = ﬁ DSk,n
i i=1

Generally, this calculation is performed for all k (or N;) available
channels to determine if a signal is present on each channel. The predetermined
threshold may be made programmable or adaptive (based on other conditions in

25  the reader receiver). This method has the advantage over traditional energy
estimation (sum of squares) means in that it does not require costly
multiplication operations to determine the presence of signals. Note that the
above average absolute value measure (ABSy) is also a measure of the average

signal amplitude for a source device when the channel is determined to be



accumulated absolute value for a given channel exceeds a predetermined 15
threshold, a signal is said to be present on that particular channel. The
following equation shows one method utilized to calculate the accumulated
absolute value (ABSK) for channel k, where DSkn is the unnormalized
optimally sampled despreader (FHT) output for channel k and symbol n, Ni is
the number of available channels (or spAr ading sequence length), B is the
estimation block 20 length (in bits or symbols), and n is the bit or symbol-time
index: SNIHSRINES A5 BRVA ANty &riEtalfsOHEE SRIAERAGIRIRG pRrfdRSed for all
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y subtracting out any mean signal level (i.e., dc value as in rom a
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nésmalie eahieveiby FrevRIRNUhcesasisnef the absebisddHeobioanalized
channglgtheseadee dMmBYIAE period. If the variance of the absolute value of the
signal exceeds some (different) threshold, a collision is said to have occurred on
that particular channel (due to conflicting binary data values of different tag's
ID data — see FIG. 17); otherwise, a single signal is said to be present on that
20 channel (as in FIG. 18). A channel with a single signal present on it is also
termed a "single occupied” channel. Once again, those skilled in the art
recognize that filtering or averaging of these measurements and indicators may
be utilized to increase their reliability (e.g., to increase the SNR of the
estimates). Thus, the longer the time period that is observed for such
25  measurements (and utilized in the subsequent filtering), the more accurate and

more reliable the estimates will become (i.e., the higher the processing gain).

As mentioned, the reader receiver can sense collisions on each channel
by examining the variance of the normalized signal on each channel. The
variance of the normalized signal can be thought of as an error signal, and

30 represents deviation from an ideal signal. Once again in the preferred



typically detect if a collision has occurred on that channel. This may typically
15 be achieved by examining the variance of the absolute value of the
normalized signal level over some time period. If the variance of the absolute
value of the signal exceeds some (different) threshold, a collision is said to
have occurred on that particular channel (due to conflicting binary data
values of different tag's ID data - see Fris. 17); otherwise, a single signal is
said to be present on that 20 channel (as in FIG. 18). A channel with a single
signal ROSERDRI it 1804l Gempley!l Mampid BBt EhdarRica i@ atsain,
those pkitteghistithe paFticarPaRZentaRkdiaNieaOh AYRHABHeE @btiBBEdc-
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normalized signal on each channel. Thﬁ yariance of the normalized signal
can be thought of as an error siyARl, anelE”DSsKm‘em‘deviation from an
ideal signal. Once again in the preferrea 45 embodiment, a reduced
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particular, the absolute value of a normalized (possibly dc- porrectegg error
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computed as follows for each despreader output, where B is once again the
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cumulative absolute error signal éxceeds a second predetermined (though
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by scaling the cumulative absolute value computation above). This value can
be summed over all despreader output bits to provide additional noise averaging
(in order to increase the SNR of the estimate). This method also has the
20 advantage over traditional variance estimation (sum of square of sample minus
average value) means in that it does not require costly multiplication operations
to determine the presence of signal collisions. The variance measure (VARy)
can also be utilized to detect when signal conditions are poor, and the system

spreading gain needs adjustment, as described below.

25 Those skilled in the art recognize that there are many methods available
to detect the presence of a signal, and to detect the presence or absence of
collisions, which may vary based on the modulation and signaling type.
Collisions may be detected by alternate means, such as standard error detection

(e.g., CRC) means, though these methods may not in all cases properly detect



complexity signal presence calculation described above. Specifically, the 15
normalized error signal can be set equal to the absolute value of the optimally
sampled despreader output minus the absolute average signal level
(determined by scaling the cumulative absolute value computation above).
This value can be summed over all despreader output bits to provide
additional noise averaging (in order to iftrease the SNR of the estimate).
This method also has the 20 advantage over traditional variance estimation
(sum dodifiene (e EnpRNminOdCnRipd Y VARIBY P2 STH RS PERES Bt

require gy, AR ICRHIT GRRIRIIMEate GatBsRIRiRe Breseega®f signal
collisions. The variance measure ( Ang can?%@g be utilized to detect when
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}_ion (e.g., CRC) means, though these methods may not

standagal AR d6i6E
in all casesI proper?y detect 46 collisions (due to falling). Also note that

whether or ndhas|listonsiectd typieal jherarsetesizas ddrtherrarycigratison

mea”%?&@y‘?%neg%@?ﬁ&i“‘ﬂ 8?{58%0@ bM%s'amqﬁL%ﬂ o%??ﬁ?naggrg%{g%\é?aﬁbe
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channel is_generallx lost if no _collision mitigation technigues are utilized. If a
received, and the reader 100 generally knows the entire data sequence of that

particular tag.

Note that some embodiments may perform error detection or correction

20  (or some other type of signal integrity measure) to ensure that the data is valid
and received correctly. Also note that if the tag channel selection data is
transmitted, the reader 100 may also check that the tag 110 has indeed
communicated on the expected communications channel (serving as another
form of error checking for the portion of the data that is used to determine the

25  channel as described above — also see FIG. 18, where the channel selection data
222 for the second pass must match up with the channel choice, as identified
with 1820, 1830, 1840).

Once the reader receiver has calculated the above quantities for a given
communications pass, it can determine other signal quality measures. Such

30 measures may be utilized for determining when poor channel conditions exist



15 signal is present on a given channel, and no collisions are detected, the
particular signal on that (given) channel is typically said to be successfully
received, and the reader 100 generally knows the entire data sequence of
that particular tag. Note that some embodiments may perform error detection
or correction 20 (or some other type of signal integrity measure) to ensure
that the data is valid and received correcttly. Also note that if the tag channel
selection data is transmitted, the reader 100 may also check that the tag 110

has ind8eaditeiMminTeated bhriRdedR Y treiast MREMIYAIISHS ErRiARR) signal

(serving g iiRhesndRiALhefipneh@sking doeibR)Papieirieinereatn thaf is
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exist 4(a@69 asdustmenfRaINeeddaberdR IAdhe sKatemniReasiyeAuUe to
improper signal Cﬂnc@Iation conditions, as further described below).

Specif e ) e fAﬁblEcessfully received signals can be estimated by
taking the ratio of the average signal level di)g(igi§sd by a noise level estimate.

The following equation shows aﬁ%w@mutaﬂon, using the
k . AR “x %0, A
above notation and equations, where the ‘avérage signal level on a single
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variance for an unoccupied channel has been determined to be (VAR"): SNR
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channel'qsmdespreader output as described above. The SNR vehlues for eaé;h

channél 8)?‘?:98%%?& |8\'}%9%{|P” average SNR measurement. The normalize

error (variance) calculation above will generally reflect any impairments on a
15  given channel, and can be used to determine a CIR measurement in a similar
manner. For non- or single-occupied channels, the variance measure directly
indicates any interference or noise components on channel or in the signal, and
for other channels that have two or more users present, the measure can be used
as a direct indication of collision severity. These received signal statistics or
20  pass operating parameter measurements can be used to make key system
decisions, such as when to adjust the spreading gain for the source devices, as

further described below.

FIG. 25 shows an example of a procedural flowchart for reader
processing in accordance with the present invention. Those skilled in the art
25  appreciate that the described processing could take place outside of the reader
(at a higher level, possibly in a central controller device), without departing
from the spirit of the present invention. The reader device may optionally make
an adjustment to the number of available channels before any transmission

passes take place based on prior information (e.g., tag population from previous



single occupied channels to get an average SNR measurement. The
normalized error (variance) calculation above will generally reflect any
impairments on a 15 given channel, and can be used to determine a CIR
measurement in a similar manner. For non- or single-occupied channels, the
variance measure directly indicates any interference or noise components on
channel or in the signal, and for other cfinnels that have two or more users
present, the measure can be used as a direct indication of collision severity.
These "RBESNEEE RSP LTRALAESVSr FDSBRa4eH PEvalAg FPaFhRfeEeNt
mde_asmm@ﬁaﬁ&j}ﬁaae(wsf@ tﬁﬁmm &gugw&_m dd@c?'@qgha%%gwr_a@ gvitgln to
adjust the spreading gain for the source deyices, as. further described below.
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available channels in a particular pass of the, .
code phase channels) that are being utilized in the system. Similar to the above

ratio measure, if the ratio of unoccupied channels to the total number of
20 available channels (UCR) exceeds another threshold 2528 (e.g., Thr,=0.4), the

number of available channels for active tags may be decreased 2530.

The reader may also examine other quantities to determine whether or
not to adjust the number of available channels. These may include measures
such as CRC status, soft error decoding information, and the like. Similar to the

25  cases above, if many errors are noted from error decoding information (EDI)
2532, the number of available channels may be increased 2534. Note that many
of the above quantities are already computed by the reader receiver in the
normal course of demodulating data and resolving collisions, so that the impact
to reader signal processing is usually not large. Once again, for the purposes of

30 this discussion, increasing the number of available channels is equivalent to



transmission algorithm. In the preferred embodiment of the invention, when
15 such a ratio exceeds a predetermined value 2524 (e.g., Thr3=0.7), the
number of available channels may be increased 2526. Another measure of
system loading can be determined from the amount of communications
resources (e.g., code phase channels) that are being utilized in the system.
Similar to the above ratio measure, if th&ratio of unoccupied channels to the
total number of 20 available channels (UCR) exceeds another threshold 2528
(e.g., THEL2E ) (e SPTRRANSIAHT RIRGRHRY SR AR R B IAERad s tReay be
decreageik53otd AR RAEiVEIRAISARKAMEGE NENGTeatsamitine énadgéermine

whether or not to adjust the number of available channels. These may
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example, a reader that could afford more time to read a tag population or
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population. A form of collision mitigation is implemented if a signal from a
particular tag is effectively removed or subtracted from the signal population
20  (through a variety of possible algorithms described below). In this manner, the
signal from a known (identified) tag can be removed, thus removing unwanted
"interference” from the system. This effectively frees up valuable
communications resources. In effect, the entire system is a self-organizing
network, where all of the organization is done in the reader receiver instead of
25  the transmitters themselves. Note that the removal of the signal does not have

to be exact to realize a benefit from collision mitigation.
FIG. 19 shows a general flow chart for reader actions when utilizing

collision mitigation techniques. In this case, the reader 100 will attempt to

resolve as many collisions (e.g., errors in data) as possible before moving on to



gain (e.g., increase Thri, decrease Thr3, or decrease Thr5 above) to improve
the 15 robustness of the read cycle. Once the signal from the tag 110 is
known (and possibly confirmed), it may be ignored, or removed (as
described below) from the rest of the signal population. A form of collision
mitigation is implemented if a signal from a particular tag is effectively
removed or subtracted from the signal p%opulation 20 (through a variety of
possible algorithms described below). In this manner, the signal from a
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mitigation techniques are utilized by the reader 100 is to simply have the tags
110, 120, 130 transmit the maximum number of passes in the multiple pass
communications algorithm. The maximum number of passes is typically
20  determined (as described above) when the unique portions of the data stored on

the tag is exhausted.

As noted above, the reader 100 directly controls the number of passes
that the tags transmit on by controlling the first and second predetermined
transmission conditions. In the preferred embodiment of the present invention,

25  the reader transmit power level is held constant in order to continue
transmissions among fully activated tags, though other first and second
predetermined transmission conditions are possible to control the groups of
transmissions from the tags. The maximum number of passes is generally
determined by the particular channel selection algorithm, but is partially limited

30 tothe data length (in bits) divided by the sum of the channel selection portions



15 transmission time to communicate a piece of information). One very low
complexity algorithm for the case of when no collision mitigation techniques
are utilized by the reader 100 is to simply have the tags 110, 120, 130
transmit the maximum number of passes in the multiple pass
communications algorithm. The maximum number of passes is typically 20
determined (as described above) when te unique portions of the data stored
on the tag is exhausted. As noted above, the reader 100 directly controls the
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number of transmission passes (as also illustrat e equations above).
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tags 110, 120, 130 transmit for a limited number of passes (less than the
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eXpeC‘i‘?e%E%'ﬂ'aﬁé in the system). For instance, with the dynamic channel profile

given in the example above, simulations (over 1000 trials) have shown that it
takes an average of 7.73 transmission passes to identify 50 tags, though a

20  maximum of 10 passes was required to uniquely identify tags in 1000 trials.
Thus, the reader 100 could remain powered up at a given power level for 10
passes to have a reasonable confidence that all of the 50 (or so) tags have
successfully transmitted their data on a unique channel. Once again, the reader
100 would only have to be able to determine when there is only one tag 110 on

25 achannel to receive its ID data. This would result in a substantial total
acquisition time-savings, since only 10 passes were performed instead of the
absolute maximum of 16 passes given in the example above. Further
simulations, statistical or probability analysis could be applied to determine
other confidence levels or the number of passes for a given number of tags.

30 Note that in some applications, the reader 100 could utilize the maximum

number of passes the first time it takes an inventory, and then adjust the number



15 of source devices (or tags) present in the system (or at each power-on
level), and the desired confidence level (or probability of successfully
identifying the items or tags in the system). For instance, with the dynamic
channel profile given in the example above, simulations (over 1000 trials)
have shown that it takes an average of 7.73 transmission passes to identify
50 tags, though a 20 maximum of 10 pa@%es was required to uniquely identify
tags in 1000 trials. Thus, the reader 100 could remain powered up at a given
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regenerating a known signal and subtracting the known signal from the total
signal population (or composite received signal). Known signals can be
20  considered as interference to other (unknown) signals, thus the described
techniques are also known as interference cancellation techniques. Note that
this interfering signal subtraction may occur at any stage in the demodulation
process (e.g., it may occur at the chip-rate or it may occur after despreading in
the preferred embodiment). The preferred embodiment of the present invention
25  performs collision mitigation after despreading in order to reduce the
implementation complexity.
Generally speaking, a family of collision mitigation techniques exists of
varying levels of complexity, and they are generally more complex (e.g.,
require more processing power, memory or hardware) than implementations
30 that do not utilize collision mitigation techniques. However, such techniques

generally result in much shorter total tag data acquisition (reading) times, and



several forms of collision mitigation techniques. Collision mitigation 15
techniques generally lessen the impact of collisions on a given
communications channel. Ideally, they remove the effects of a particular
collision on a channel. This can be accomplished in the described system by
(at least conceptually) regenerating a known signal and subtracting the
known signal from the total signal popuﬁi*tion (or composite received signal).
Known signals can be 20 considered as interference to other (unknown)
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will utilize for future (tand tg)ast transmissions, as above. =
received signal, thereby removing its effect from other transmission passes.

Specifically, the average signal level (and possibly phase) for each

20  successfully received tag signal can be determined by averaging over some
portion of one or more transmission passes. Recall that a tag is successfully
received when it transmits on a single occupied channel, in which case its data
can be successfully demodulated by traditional means. Once again, in order to
simplify processing in the preferred embodiment of the system, the average

25  cumulative absolute value is computed (as in the signal detection stage
described above). The average value of the (possibly dc-corrected) absolute
signal level on each channel (after despreading) represents the expected signal
level for that tag (i.e., a received signal strength). For receivers employing
complex data paths (such as those in RF-coupled systems), signal phase may

30 also be averaged over some portion of the transmission pass.



Note that the observed signal levels from the tag 110 are also generally
measured (and low pass filtered) in the reader 100 during the normal signal
15 detection process so a reliable estimate of a given (non-colliding) tag's
actual signal strength is available. This knowledge can be utilized to
effectively re- create the known signal and accurately subtract it out from the
aggregate received signal, thereby rem%‘{/ing its effect from other
transmission passes. Specifically, the average signal level (and possibly
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from a_computational complexit standpointg. Note that the tag's signal will
be kndWﬂwn signals from subsequent passes of thé multiple pass algorithm (in a

forward direction with respect to time). Thus, this form of collision mitigation
20 is generally termed forward collision mitigation. FIG. 20 shows an example
flow chart for reader processing using forward collision mitigation techniques,
where the processing is performed in a sequential (e.g., one channel at a time)
fashion in order to ease understanding of the process. The process generally
involves determining which tags 110, 120, 130 have successfully transmitted
25 their ID data (as described in the receiver algorithms above), and keeping a data
structure (or list) containing known (tags') channel choices and estimated signal
levels for each pass of the multiple pass algorithm. Once a tag’s ID data and
the signal level of a transmitted tag signal are known, it can effectively be
removed from any subsequent collisions involving that tag. Note once again,
30 that the signal level can be measured and filtered over increasing lengths of

time to obtain increasing levels of accuracy of the interfering signal level.



to change channels in each pass of the multiple pass transmission algorithm,
which can also be taken into account in the subtraction process. Also note
that 15 the number of available channels and spreading codes may change
for each pass of the multiple pass algorithm. A relatively simple form of
collision mitigation involves subtracting known signals from subsequent
passes of the multiple pass algorithm (mr’%\ forward direction with respect to
time). Thus, this form of collision mitigation 20 is generally termed forward
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time |mprovement over methods that do not perform any collision mitigation.

Another more advanced form of collision mitigation involves

20  subtracting known signals from both subsequent and previous passes of the
multiple pass transmissions. This is possible because, once the data from a tag
110 is identified, the channels it occupied on previous passes can be ascertained
and its contribution to any previous collisions can be nullified. This class of
collision mitigation algorithms is generally termed as bi-directional collision

25  mitigation techniques. Bi-directional collision mitigation is more
computationally complex (and generally requires more memory to store prior
communication passes), but results in greatly reduced total tag reading time
(reduced by roughly an order of magnitude over methods that do not perform

any collision mitigation).



account for slowly varying channel conditions. Note that only the known tag
signal information (typically contained in a data structure or list) and the
composite received signal from the current transmission pass (or burst)
needs to 15 be stored to perform this algorithm (as opposed to storing all
received bursts in memory as described in the algorithm below). In general,
this type of forward collision mitigation arfﬁgorithm can result in a significant
(2-4X) total reading time improvement over methods that do not perform any
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is reached where no more users can be resolved in any of the passes (up to and
including the current pass). The reader 100 would then step to the next power
20 level and continue with the bi-directional collision mitigation algorithm. The
effect can be quite powerful in later transmission passes, allowing a number of
tag signals to be resolved which is much greater than the available number of
communications channels.
Note that since the spreading gain can change dynamically (per pass), as
25 directed by the reader, it may be necessary to re-normalize signals for a
particular spreading factor before subtracting them out from the composite
received signal. Also note that the recursive passes of bi-directional
interference cancellation may be performed in any order (in time).
Once all of the tag data has been received, the reader 100 may check the
30 integrity of the data via the means mentioned above (e.g., error detection and

correction), preferably before any signal cancellation occurs. Traditional data



to and including the current pass), and the number of channels that are single
occupied and those in collisions are evaluated again (for all possible 15
communications channels and passes). In this manner, the reader 100 may
cycle through all of the available transmission passes (up to and including the
current pass), and resolve more tag signals virtually continuously, until a
point is reached where no more users cHn be resolved in any of the passes
(up to and including the current pass). The reader 100 would then step to the
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Examples of System Operation

The operation of these algorithms is perhaps best conveyed by way of
20 examples. The examples will detail a simplified, hypothetical system of tags
that draw random channels each pass. FIGs. 21, 23, and 24, which will be used
to explain the example, are a state diagram of the system, showing which
channel each tag picks to communicate over on each subsequent pass through
the transmission algorithm. The states in the example are unaltered outputs of
25  an actual experiment using a random number generator to choose the channels.
The type of physical channel (e.g., code phase, etc.) is irrelevant at this point.
This should provide an accurate model of the overall system due to the data

scrambling portion of the present invention as detailed in Section | above.

The example detailed in FIGs. 21, 23 and 24 assumes a population of



algorithm, and the data sequence for each active tag present in the system is
known. In effect, all information is known about each tag's signal. The
complete read cycle is known to take L' transmission passes, which can be
15 associated with a total transaction (read) time, depending on the signaling
rate and data payload size, as described in the equations above. Examples
of System Operation The operation of tfse algorithms is perhaps best
conveyed by way of 20 examples. The examples will detail a simplified,

hypothitieapgystessthelpssings arfived shamiel sanporstRigHchapmels. 21,

23, anggftvWiig e/t eerds epaviorexpta o edemplehas araestate giqemm of
the system showinﬁ which channel each tam%[picks to communicate over on
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accura®BtRedaes B maes ErzlP Y @aneried rnthsedrangaserRiifg) portion of
the presgpédeation as detailed in Section | above. The example detailed in
FIGs. 21, 23 and 24 assumes a population of 58 eight tags, and further
assumes a fixed channel size pergdsdB3eRbHannels from which the tags
may draw from to communicate "fAds, tHe e ot (e.g., possibly a unique
stibset of) each tag's ID informatldf $s A& 84fkct one of eight channels

that each tag 110 will transmit Eﬁ | g ! %éS'OfS transmission in the
preferred embodiment. With octqjagi its, I3t thirty bits of the tags ID's
ag 6. 14 40.,. . - )
eﬁ;@%@ for convenience: Tag 1:

2135 58564

were randomly generated and a &P
0033043607 ... Tag 2: 110625 g 4767441641 ... Tag 4:

2044611136 ... Tag 5: 6072335574 ... Tag 6: 1476543240 ...
Tag 1 will choose channel 0 during Pass #1, channel 0 during Pass #2,

channel 3 during Pass #3, and so on. Tag 2 will choose channel 1 during Pass
#1, channel 1 during Pass #2, channel 0 during Pass #3, and so on. From this
list, it can be seen that, for Pass #1, which draws a channel from the first octal
20 digit, tag 1 is the sole occupant of channel 0, tag 3 is the sole occupant of
channel 4, tag 5 is the sole occupant of channel 6, and tag 7 is the sole occupant
of channel 5. Since there are no collisions in these channels, tags 1, 3, 5, and 7
are successfully identified in their entirety; tags 1, 3,5 and 7 communicated their
full ID in a channel that had no collisions. On Pass #1, however, tags 2 and 6
25  collided in channel 1, and tags 4 and 8 collided in channel 2. These tags cannot
be successfully identified, and will require subsequent passes to be resolved.
The reader 100, observing that collisions exist, leaves the power applied at the
present level and allows all of the tags to draw another channel from the second
octal digit for Pass #2. It should be noted that none of the tags know whether
30 they have successfully communicated their ID information at any stage of the
transmission process. Only the reader possesses this knowledge; it will signal
the tags when the entire reading process is done by removing the transmission

conditions (e.g., powering down).



Tag 7: 5443367534 ... 15 Tag 8: 2135511564... Tag 1 will choose channel 0
during Pass #1, channel O during Pass #2, channel 3 during Pass #3, and so
on. Tag 2 will choose channel 1 during Pass #1, channel 1 during Pass #2,
channel 0 during Pass #3, and so on. From this list, it can be seen that, for
Pass #1, which draws a channel from the first octal 20 digit, tag 1 is the sole
occupant of channel 0, tag 3 is the sole %%cupant of channel 4, tag 5 is the
sole occupant of channel 6, and tag 7 is the sole occupant of channel 5.
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channdlobivetmersdeppial ersepticftrabrky 29 ne cibzicd Befwiere #'tHas none
of the ®@P kAR VeR 3Bbtieey have successfully communicated their ID
information at any stage of the transmission process. Only the reader
possesses this knowledge; it will signal the tags when the entire reading
process is done by removingftaedrasismissi M ns (e.g., powering
down). 59 In Pass #2, the only tag not invéNedn!& collision is tag 3. Since
this tag was already identified in Pass #1, the reader 100 did not acquire any
new i i th | llis} in: 2 yet
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result g iiRaT JRBfRESALEIRIMIA0PIJEERNER 28D ity &flﬂéﬂ wefision

between M tags over N channels given above: N!'1 Pt ng CP lisian) fN -M)!
NTM 2.7498 of the eight channels are tnoccupled per pass, 3.1386 of the channe

S
contain a single tag, 1.5737 channels contain two tags, 0.4482 channels contain
3 tags, 0.0796 channels contain 4 tags, 0.0093 channels contain 5 tags, 7.2 x

15 10 channels contain 6 tags, 4 x 10 channels contain 7 tags, and no cases of

eight tags in one channel were recorded.

No Collision Mitigation Example

With no collision mitigation, tags have to show up in a channel all by
20  themselves in order to be identified. If the experiment is allowed to run enough
times, this will happen. However, with only a limited number of bits in the tag
ID 220 information, the experiment may only be run a limited number of times
before it starts repeating. For example, if the tag 1D was 96-bits long, and three
bits per pass were used to draw a channel (one of 8), then after 32 experiments
25  the process would repeat. Since there is a high probability of at least one
collision per pass (99.76% for this scenario), there is a small but finite
probability that a tag’s ID can “hide’ in collisions on each and every pass

through the experiment. This does not mean that a tag’s ID 220 is identical to a



and the fact that Pt collision) = 1 -Pt no collision). There will be this same 10
probability of at least one collision for each pass through the algorithm. For
this combination of tags and channels, averaged over 100,000 experiments,
2.7498 of the eight channels are unoccupied per pass, 3.1386 of the
channels contain a single tag, 1.5737 channels contain two tags, 0.4482
channels contain 3 tags, 0.0796 channéfs contain 4 tags, 0.0093 channels
contain 5 tags, 7.2 x 15 104 channels contain 6 tags, 4 x 10-5 channels
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until Pasg it I a8gf iSoftision, it takes at least 4 tags to result in two collisions). So
after the first pass, the reader 100 can determine that there are four known tags
and at least four unknown tags, or at least eight tags in total.

20 In Pass #2, only a single, previously known tag is occupying a unique
(unused) channel. Since the reader 100 knows the complete ID for tags 1, 3, 5
and 7, it knows what channels these items will be occupying in the next and all
subsequent passes. The reader 100 knows that tags 1 and 5 will go to channel 0,
and that tag 7 will go to channel 4. The reader 100 thus expects there to be a

25  collision on channel 0, but there is a possibility that there is also an unknown
tag that is occupying channel O (in this case, tag 4). Channel 0 indicates two
known tags and a potential for one or more unknown tags. The reader 100 was
not expecting a collision on channel 1 (since none of the known tags were
expected to choose that channel). A collision here indicates at least two more

30 unknown tags, with perhaps more. A collision on channel 4, where only tag 7

was expected, indicates at least one other unknown tag. Thus, Pass #2 results in



good example of how a unique tag can be hidden in collisions even though it
has a unique ID. If this experiment had only been run through Pass #7 (i.e., if
the IDs were only 21 bits long), tag 6 would not have been identified. 15 In
Pass #1, four tags are identified. Two collisions are also identified, indicating
that there are at least four other tags (since it takes at least two tags to result
in a single collision, it takes at least 4 ta@% to result in two collisions). So after
the first pass, the reader 100 can determine that there are four known tags
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which Was iREkkhRW RS ARthalcdrart datiiypkR@n tags, so the reader
100 gathered no new information in the second pass. 5 In Pass #3, tag 2 is
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item expected to go to channel 4, so a collision there indicates at least two
ukknoWAMEE B TRlKAWIRETag DHSIRRMER EF PRKAOME [AUSKHBLIFPEAGreyIous

channekdarihasts3 48 lagdshbyrikeRlnTtagl 5 was the only tag 10 expected to go
to channel 7. A collision there indicates at least three unknown

Pass #5 identifies no new tags. The collision on channel 5 was
unexpected, again indicating seven known tags and at least one unknown tag.

Similar interpretations can be made from Pass #6 and Pass #7.

20 In Pass #8, tag 6 is identified. All other collisions were expected. There
are now eight identified tags, the minimum number expected from previous

passes. However, there could still be tags hidden in the collisions. For

tag would be hidden by other collisions. The probability that a tag would have
25 this particular ID would be 1/8° or 6 x 10°®.

There could also be a tag that chose channels e.g., 2, 4, 4, 6, 5, 4, 5, 6,
also with probability 6 x 10, In all, with two collisions during Pass #1, three
collisions during Pass #2, three collisions during Pass #3, one collision during

Pass #4, two collisions during Pass #5, two collisions during Pass #6, three



tags (counting the unknown tags on channels 3, 4 and 7). These, along with
the now five known tags, again indicate at least eight tags. Pass #4 identifies
new tags 4 and 8. Tags 3, 5 and 7 turn up in collision- free channels. Tags 1
and 2 were expected to collide on channel 6, but there 15 may be additional
tags there. This leaves seven known ta% and from previous experiments, at
least one unknown tag. Pass #5 identifi 4 no new tags. The collision on
channel 5 was unexpected, again indicating seven known tags and at least
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for example, that the hidden tag would be associated with a tire or some
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pass, after two additional passes (10 total passes), the probablllty of asingle

hidden tag is reduced to 3.04 x 10°°. After two more additional passes (12

total), the probability of a single hidden tag is reduced to 240 x 10°. Each

additional pass reduces the probability of a single hidden tag as a geometric
20  progression by roughly 6488/8 = .281X.

A flow chart showing the steps involved in the no-interference
cancellation method described above appears in FIG. 22. At the start 2210, the
system is initialized with no positive ID’s and no unknowns, which together
corresponds to a total of zero items. After the analysis 2230 of the first pass

25 2220, positive ID’s (e.g., items 1, 3, 5 and 7 in Pass #1) are recorded and added
2240 to the list of positive ID’s. The number of collisions in the pass 2250 is
also recorded (e.g., two collisions in Pass #1). If the collisions were anticipated
2260, then there are potential unknowns that may be revealed in future passes

but no definite unknowns. If the collisions were not anticipated 2270, the two



the number of collisions per pass, and knowing the probability of a hidden tag
based on the number of channels per pass, the reader 100 can keep running
passes until it has satisfied some confidence level or has run out of unique 15
channel patterns (exhausted the ID). Assuming 64818 = 2.246 collisions per
pass, after two additional passes (10 total passes), the probability of a single
hidden tag is reduced to 3.04 x 10-6. AHE two more additional passes (12

total), the probability of a single hidden tag is reduced to 240 x 10-9. Each
additioWHNeH8s perieAded iRdhpaTaBIR/ st al Sl Mivimeer fidtessdgéemetric
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definite unknowns If the collisions were not ant|c§ated 2270, the two 63
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form of /8 GeMRH tags and one unknown tag. If the signal levels of the known tags
were also known, then the total signal level of the collision could be compared
to the individual signal levels to determine if there was an additional unknown
20 tag concealed in the collision. Such an environment would allow the reader 100
to terminate its inquiry after all tags had been independently identified (in this
case, 8 passes) with certainty that there were no hidden tags because all

collisions would be accounted for.

Knowledge of the signal level of identified tags thus offers a greater
25  confidence in the accounting of the inventory. However, the signal level
information affords improvements in acquisition time beyond merely
terminating the inquiry after all known tags appear individually. This is

discussed in the next section.

Forward Collision Mitigation Example




signal level. If it is now assumed that, in addition to knowing what channel a
known tag will choose on future passes, its signal level is also known, then it
15 can be determined whether there are additional hidden tags in expected
collisions. For example, the collision on channel 0 during Pass #2 contained
two known tags and one unknown tag. If the signal levels of the known tags
were also known, then the total signal 1k of the collision could be
compared to the individual signal levels to determine if there was an
additional unk®RA 20 talpeyiteelsatthied cihhameselican fehthtonment
would alleytiat Rastsraidhdadetminaigidsiion uiryafiieihallikdesahagHasesr
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canceling out this tag, tag 6 is left alone to be identified. There is still an

u%esolved CBltljlfsllr%nPg% #3, tag 2 shows up by itself and is identified. Tag 1 was
expected to transmit its data over channel 3, so it is subtracted out, leaving
behind only tag 8, which can now be identified. All other collisions contain
only known tags, so the accounting of the tags has been completed in three
passes through the algorithm with full confidence instead of eight or more

20  passes (depending on the confidence level required) for no collision mitigation

as in FIG. 21.

For a coherent static channel, the signal strength of identified tags can
be known to a high precision. Consider the case of an augmented PN channel.
For this experiment, the tags would choose different code phases of an eight-

25  chip long augmented PN sequence. This eight-chip long PN sequence would be
transmitted either true or inverted for each bit of the tag’s 1D, depending on the
sense of the particular 1D bit. At the reader 100, the correlator in the receiver
would essentially average the signal level over the eight chips per bit. This

would be done for all bits (e.g., 128) in the ID, giving an average over 8 x 128 =



channel 1, so at least one other pass through the algorithm is required. 15
During Pass #3, tag 2 shows up by itself and is identified. Tag 1 was
expected to transmit its data over channel 3, so it is subtracted out, leaving
behind only tag 8, which can now be identified. All other collisions contain
only known tags, so the accounting of the tags has been completed in three
passes through the algorithm with full chfidence instead of eight or more 20
passes (depending on the confidence level required) for no collision
mitigatl§R4 samRlesdorisigns B OkeraHP SiirdtagHRPTAR logyHA24kength of
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eight-ctiip bongnBhsecigrateowoiselrhto tidtsditteslikdther true or inverted for
each bit of the tag's ID, depending on the sense of the particular ID bit. At

th% reagen 100, ¢ COI lﬂ{%i'i El?i% eGs ' fo would essentially average the
signal é—éﬁo—@r%@—e—gﬁ‘rch—pgbp—aiﬂgﬁ%v \ | | IT. would be done for all bits (e.g.,
128) in the ID, giving an average over 8 x 128 = 65 1024 samples, for a
signal to noidevratiseatrs iafIry faeAtH M tountingine can kEsnatsrifis seader

practiced ¢ asRs WARRARSEMBIS MG YHIMAEERESCH/IR0SAHEY MaRYRPre
channels available (> 32), the gain increases. For 32 channels and 128 bits,

a gain RFEYIBHRPA S SR IR Shoskrofitreeterlis wibsemiPRLBRIREY CaMmaMIch
Mitigatoev oxaofiiei dngaartise atacédtiyorove Meists beaosountingttignie can be
mgde H@Lﬁ%ﬁ?@%‘i oh a?éoaﬁ%u\é’s%&géﬂ{ ’J&%ﬂﬂb@'ﬁ%&%&ﬁ@%ﬁ’&%ﬁﬁnw ith
a’'stored waveform, previous passes can be revisited and treated as
subsedgheisepriskangtderelshichirlsgibeisnsions can be cancelled out.
This is beca tag is 10, tif'ﬁq o] re.all subsequent
activities knct?vgjnngﬂgf 5%5%&?8&55% %a&me gﬁg%ldeﬁs}hgﬁhge éf?‘gsﬁa Ig%%gl;i_\/?bgld
also bénkhoaa IEoiteddn thddtpaphsnsins\signal FeG 2ad phagh g Pawé 1,
tags 1 fehwar@b6liGiBFENARIALIBACAR Deth hitigartaray NP signadiieuahabtects
phase. As with forward collision mitigation, tag 4 can be identified in Pass #2
sice hfagdaaad 5 can be removed from the collision on channel 0. Likewise,
removing the effects of tag 7 from the collision on channel 4 allows
identification of tag 6. After Pass #2 and the application of forward collision
mitigation, tags 1, 3, 4, 5, 6 and 7 are known.
Instead of needing the third pass, the results of Pass #1 may be revisited
20 after applying forward collision mitigation. With tag 4 identified during Pass
#2, it can be removed from channel 2 of the stored results of the first pass to
resolve tag 8. With tag 6 identified during Pass #2, it can also be removed from
channel 1 of the stored results of the first pass to resolve tag 2. In this case,
only two passes are required to successfully identify all eight tags. The benefits
25  of both forward and bi-directional collision mitigation become more significant

when larger numbers of channels and tags are involved.
Thus, a one-way communications system utilizing a multiple pass
transmission algorithm (preferably employing spread spectrum techniques) that

offers superior performance (e.g., reading time and capacity) has been fully



15 of tags 1 and 5 can be removed from the collision on channel 0. Likewise,
removing the effects of tag 7 from the collision on channel 4 allows
identification of tag 6. After Pass #2 and the application of forward collision
mitigation, tags 1, 3, 4, 5, 6 and 7 are known. Instead of needing the third
pass, the results of Pass #1 may be revisited 20 after applying forward
collision mitigation. With tag 4 identified ?:?uring Pass #2, it can be removed
from channel 2 of the stored results of the first pass to resolve tag 8. With
tag 6 idessitsd: dlinigaorrssation ieleepllisien HEIBaHIVEENHIGHES HAWRRES 1 of the
stored m@s&éﬁmiﬁﬂ ﬁ?\ﬁ%r%f@ﬁ@lﬁé&ﬁ%}ﬂe?idﬂ@f@?%r? fpelg%t’mf@riaaéses
are required to_successfully identify all eight tags. The benefits 25 of ho

P 2 e e e G A
larger twithvdyenefenfedtearndisamchid gstazbexanalesceTdilad im toa eextay he
communicati o i . laari
et e D
perforrEHEs @Oye e 48P gaiaes - aamecksy Ardoseuiianldseardesdrmed.

The inperResRiQRIG£AUIRGR (Diisabani faabRigMRHdMRRMIC channel
profiles, and power on ranges further improves system performance. The

described comiihorfwatiGiyyiaB may-ee eaPRe g dncaliRsspasific dpentsorvitheibd
to the peglprirRcrRmbediman: and Apiunrhaxameies delallegiipdhe text. The 5

present invention also ha€, I(gllggilicatio_ns in two-way communications devices,

alfivel§ PRAVEPEH L HE YR derrs! el SrRREG A0S B8 pAAMg from
its essemstradtnlrarfivdanspesf(itie Sovimtid st hieedéorasitmibaw)l. biteemgsaded
inventign. ied i ific for ' ing its
cpit e e Ao
considéeaaanHID Rsanes ehsgesalansitafite slimscreresifieiacedevibdpe of
the inv@giiQpdse. therefore, indicated by the appended claims rather than by
the foregoing description. All changes that come within the meaning and

range of equivalency of the claims are to be embraced within their scope. 15



67 CLAIMS We claim: 5 1. A method of dynamically adapting the number of
available channels in a set of available data transmission channels for use
by at least one source device to transmit stored information to a destination
device, said method comprising the steps of: computing, at the destination
device, at least one received signal 10 statistic; determining, at the
destination device, an adjustment to the¥umber of available channels in
said set based on said at least one computed received signal statistic;
sending a signal from the destination‘deW®&Sto the at least one source 15
device indicating the adjusted number of available data transmission
channd¢ ‘i‘@l‘rﬂansmitting the stored information; and independently
selecting, at the source device, a data transmission channel from the
adjusted nu f availabl t ISSI Is far, tr itting the
ciched nformie ey AP e T & el SR ¢
based %t Maveilpadatnttnssiesien ¢heonelafiorsebyraidease ol Eleavice,
wherei gaid sigfaleoHfsaRtan e belaradoiermatian AreadiRgRising
multiple pass transmission algorithm having at least one transmission pass.
25 3. HeStRBINEd of Claim 2, wherein the step of signaling to each active
signal sourcecomiiigimy, et igepericomeel ikthel bRgumingsval gignsimission
pass ig}a&qs%gnultiple pass transmission algorithm. 68 4. The method of Claim
1, wherein sdid at least one received signal statistic further comprises a
measure of syeiesminigeaidgheadestivatintercef @athystnanidedhe tgnber of
adjustyanbithemuniesal eavsilpbiashannal Sesirmmnehuien

received signal statistic crosses a

signal statistic;

sending a signal from the destination device to the at least one source

15  device indicating the adjusted number of available data transmission channels

for transmitting the stored information; and

independently selecting, at the source device, a data transmission
channel from the adjusted number of available data transmission channels for
transmitting the stored information, wherein the data transmission channel is

20  selected based at least in part on the stored information..

2. The method of Claim 1, wherein said signal sources transmit stored
information according to a multiple pass transmission algorithm having at least
one transmission pass.

25
3. The method of Claim 2, wherein the step of signaling to each active
signal source in the system is performed at the beginning of a transmission pass

in the multiple pass transmission algorithm.



threshold. 6. The method of Claim 1, wherein the step of determining the
adjustment to the number of available channels and the step of signaling
data to each active 10 signal source in the system is performed prior to said
signal sources transmitting signals. 7 The method of Claim 1, wherein the
number of available channels in said set is adjusted by increasing said
available channels by a fixed amount. 18 8. The method of Claim 1, wherein

the step of signaling to each active signal source in the system is performed
via pulde widtheathedishClrinHe whetpipga & karst envisesier sigpakignal

sourcesidigimsmitRecontingesZthitasufPsE S 8REFIAMIAY technique. 10. The
method of Claim 1, wherein the number of available channels is the same for
all active signal sources. 69 11. The method of Claim 1, wherein said
signalibg repiiégsentthadofallaiomhpehetmvhdadjestatattrattemissien adhannels
for, rangaicLRIgnAIsiaserh AR UM RLIEK (At AR Rt o
communications system comprising: at least one source device having stored
identifitég®Wldata, a signal source, and a channel selector, the signal source
adapted for transmitting at least part of the identification data in an active
state over a data transmission channel, the channel selector adapted for
indepehdentl) EHBESHCR RS HEE Bl 137 BT VLR AOLIGHTEnt
channéd themuarherdjtistedahleheemell avdithd ke pl afesityaa 1y idaot ehcmausiee

based eéfr?a?@Xu?&%Hh%‘i?E?er@ié‘ﬁ%‘r’ﬁ%ﬁ‘gﬁw% %ﬂrﬁgnéﬂ?&}ﬂ@&?ﬁi%ﬂﬁfﬁ]@
and at least one destination device adapted for computing at least one
receivét¥ifnal statistic, determining the adjusted number of available data
15 transmission channels from a first set of available data transmission

channels based on said at least one computed received signal statistic, and
signalifig to SAEMETEIObGALT othheEeH e LRSI aVAIARE SRl

sourcesnitbsasi ddgisted by increasing said available channels by a fixed amount.
15
8. The method of Claim 1, wherein the step of signaling to each active

signal source in the system is performed via pulse width modulation.

9. The method of Claim 1, wherein said signal sources transmit according

20  toaspread spectrum technique.

10. The method of Claim 1, wherein the number of available channels is the

same for all active signal sources.



adjusted number of available data transmission channels for transmitting the
identification data. 20 13. The system of Claim 12, wherein said at least one
received signal statistic further comprises a computation based on a
measure of a number of unoccupied channels. 25 14. The system of Claim
12, wherein said at least one destination device signals to each said active
signal source via pulse width modulatiof°15. The system of Claim 12,
wherein said at least one destination device is further adapted such that said

signalitd furtidiecagised ehelaighhivebririegaie Henstrg BamRIsrshieEkor

transmifiinge stemats Mg gath @ AdiHstRsh RHARREE efraralatiengiighaeisasedl 6.
The syst%:%%{iclaim 12, wherein the at least one computed received signal

statisti@'t DAL of & received signal carrier to interference
ratio, a received signal to noise ration, a computation based on a measure of

segeri%of Colliéb%ﬁlm{?%ﬁoﬁ%g&lémBHQ?ﬁ@j on error decoding information.
1015 METHOD AND APPARATUS FOR ADAPTIVE PROCESSING GAIN

FOR MULTIPL leasioueouecp gayj et viRg Atereshipentificeton dafa s sigsst EM
ABSTRAME, GHd 3 ifaabPéeltSURESRymeihnee alishiea micadlys attaRt RO 1Las

number of gvailable channels in_a first set of available channels for use by at
(et oFA b DA GBS P A oS AV P S 3t 4 AP THARREL
the steths dfanoehpeltictgratbpeest faniedeeeatad\smoasiatpdidtie ;sderer deviteghan

a9+“5t'@a‘?£'h5%ﬁﬁ?s£ib'ﬁzpﬂgﬁr%ﬁ ﬁgﬁ%%f' ARG g‘P%J&EFﬂtb?ee&Qé‘sed on the

at least one computed received signal statistic; and signaling to each active

signal BaurBissioRfaasysle Rriedctipsdy wreadwpiisresplinee SWestisd thresiipdsted
numbegafiaatihlgghangels for transmitting signals.

at least one destination device adapted for computing at least one
received signal statistic, determining the adjusted number of available data
15 transmission channels from a first set of available data transmission channels
based on said at least one computed received signal statistic, and signaling to
each active signal source in the system to cause the signal sources to use the
adjusted number of available data transmission channels for transmitting the
identification data.
20
13.  The system of Claim 12, wherein said at least one received signal
statistic further comprises a computation based on a measure of a number of

unoccupied channels.

25 14.  The system of Claim 12, wherein said at least one destination device

signals to each said active signal source via pulse width modulation.

15.  The system of Claim 12, wherein said at least one destination device is

further adapted such that said signaling further causes the signal sources to be
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synchronized for transmitting signals using the adjusted number of available

channels.

16.  The system of claim 12, wherein the at least one computed received
signal statistic comprises at least one of a received signal carrier to interference
ratio, a received signal to noise ration, a computation based on a measure of

severity of collisions and a computation based on error decoding information.





