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(57) ABSTRACT 

Asystem and method for determining a location. The system 
employs encoded information devices dispersed through the 
environment, each having a non-unique code associated 
therewith. The codes from the encoded information devices 
are acquired as a reading device passes nearby, and stored. 
The codes from a proximate set of information devices are 
correlated With a map or mapping relation to determine one 
or more consistent positions Within the environment. The 
information devices are preferably passive acoustic Wave 
transponders, and the mapping relation may be a pseudo 
random sequence or a de?ned map. 
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ENVIRONMENTAL LOCATION SYSTEM 

FIELD OF THE INVENTION 

[0001] The present invention relates to method and appa 
ratus for determining a location Within an environment, and 
more particularly to a system Which derives information 
from a plurality of passive devices, each having a predeter 
mined location and communicating insufficient information 
to de?ne the predetermined location. 

BACKGROUND OF THE INVENTION 

[0002] A knoWn radio frequency passive acoustic tran 
sponder system provides a radio-frequency surface acoustic 
Wave on a pieZoelectric substrate Which interacts With 
elements on the substrate to produce an individualiZed 
complex Waveform response to an interrogation signal. The 
code space for these devices may be, for example, 216 codes, 
or more, alloWing a large number of transponders to be 
produced Without code reuse. These devices consist of a 
pieZoelectric substrate on Which a metalliZed conductor 
pattern is formed, for example by a typical microphoto 
lithography process, With a minimum feature siZe of, for 
example, one micron, and appropriate antennas and 
mechanical enclosures. The acoustic Wave mode is often a 
surface acoustic Wave (e.g., a Rayleigh Wave), although 
acoustic Wave devices operating With different Wave types 
are knoWn. 

[0003] The knoWn transponder devices thus include a 
surface acoustic Wave device, in Which an identi?cation 
code is presented as a characteristic time-domain delay 
pattern in signal retransmitted from the transponder. Typical 
systems generally require that the signal emitted from an 
exciting antenna be non-stationary With respect to a signal 
received from the tag. This ensures that the re?ected signal 
pattern is easily distinguished from the emitted signal during 
the entire duration of the retransmitted signal return, repre 
senting a plurality of internal states of the transponder, 
alloWing analysis of the various delay components Within 
the device. 

[0004] In such a device, received RF energy is transduced 
onto a pieZoelectric substrate as an acoustic Wave With a ?rst 
interdigital electrode system, from Whence it travels through 
the substrate, interacting With re?ector, delay or resonant/ 
frequency selective elements in the path of the acoustic 
Wave, resulting in speci?c knoWn electro-acoustic interac 
tions. A portion of the acoustic Wave energy is ultimately 
received an interdigital electrode system and retransmitted. 
The retransmitted signal thus represents a complex delay 
and attenuation pattern function of the emitted signal, and a 
receiver is provided Which analyZes the delay and pertur 
bation pattern to characteriZe the system Which produced it; 
thus identifying the device. 

[0005] These devices do not require a semiconductor 
memory nor external electrical energy storage system, e.g., 
battery or capacitor, to operate. The propagation velocity of 
an acoustic Wave in such a surface acoustic Wave device is 

sloW as compared to the free space propagation velocity of 
a radio Wave. Thus, the time for transmission betWeen the 
radio frequency interrogation system and the transponder is 
typically short as compared to the acoustic delay intrinsic to 
the device, so that an alloWable rate of the interrogation 
frequency change is based on the delay characteristics 
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Within the transponder. The interrogation frequency is con 
trolled to change by a suf?cient amount so that the shortest 
possible delay path of a return signal may be distinguished 
from the simultaneous interrogation frequency, and so that 
all of the relevant delays are unambiguously received for 
analysis. Further, the interrogation frequency should not 
return to the same frequency before a maximum delay 
period, thus preventing ambiguity or aliasing. Generally, 
such systems are interrogated With a pulse transmitter or 
chirp frequency system. 

[0006] Systems for interrogating a passive transponder 
employing acoustic Wave devices, carrying amplitude and/or 
phase-encoded information are disclosed in, for example, 
US. Pat. Nos. 4,059,831; 4,484,160; 4,604,623; 4,605,929; 
4,620,191; 4,623,890; 4,625,207; 4,625,208; 4,703,327; 
4,724,443; 4,725,841; 4,734,698; 4,737,789; 4,737,790; 
4,951,057; 5,095,240; and 5,182,570, expressly incorpo 
rated herein by reference. Other passive interrogator label 
systems are disclosed in the Us. Pat. Nos. 3,273,146; 
3,706,094; 3,755,803; and 4,058,217. 

[0007] In its simplest form, the acoustic transponder sys 
tems disclosed in these patents include a radio frequency 
transmitter capable of transmitting RF pulses of electromag 
netic energy. These pulses are received at the antenna of a 
passive transponder and applied to a pieZoelectric “launch” 
transducer adapted to convert the electrical energy received 
from the antenna into acoustic Wave energy in the pieZo 
electric material. Upon receipt of an electrical signal corre 
sponding to the RF interrogation Wave, an acoustic Wave is 
generated Within the pieZoelectric material and transmitted 
along a de?ned acoustic path. This acoustic Wave may be 
modi?ed along its path, such as by re?ection, attenuation, 
variable delay (phase shift), and interaction With other 
transducers or resonators. 

[0008] When an acoustic Wave pulse is reconverted into an 
electrical signal, it is supplied to an antenna on the tran 
sponder and transmitted as RF electromagnetic energy. The 
signal may be re?ected back along its incident path, and thus 
a single antenna and transducer may be provided, for both 
receiving and emitting Radio Frequency energy. This energy 
is received at a receiver and decoder, typically at or near the 
same location as the interrogating transmitter, and the infor 
mation contained in this response to an interrogation signal 
is decoded. Designs are knoWn, With unitary and separate 
receiving and transmitting antennas, Which may be at the 
same frequency or harmonically related, and having the 
same or different polariZation. 

[0009] In systems of this general type, the information 
code associated With and Which identi?es the passive tran 
sponder is built into the transponder at the time that the 
metalliZation pattern is ?nally de?ned on the substrate of 
pieZoelectric material. This metalliZation also typically 
de?nes the antenna coupling, launch transducers, acoustic 
pathWays and information code elements, e.g., re?ectors. 
Thus, the information code in this case is non-volatile and 
permanent. The information is present in the return signal as 
a set of characteristic perturbations of the interrogation 
signal, such as a speci?c complex delay pattern and attenu 
ation characteristics. In the case of a transponder tag having 
launch transducers and a variable pattern of re?ective ele 
ments, the number of possible codes is N><2M Where N is the 
number of acoustic Waves launched by the transducers (path 
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multiplicity) and M is the number of re?ective element 
positions for each transducer (codespace complexity). Thus, 
With four launch transducers each emitting tWo acoustic 
Waves (forward and backward) (N=8), and a potential set of 
eight (M=8) variable re?ective elements in each acoustic 
path, the number of differently coded transducers is 2048. 
Therefore, for a large number of potential codes, it is 
necessary to provide a large number of launch transducers 
and/or a large number of re?ective elements. HoWever, 
ef?ciency is lost With increasing complexity, and a large 
number of distinct acoustic Waves reduces the signal 
strength of the signal encoding the information in each. 
Therefore, the transponder design is a tradeoff betWeen 
device codespace complexity and efficiency. 

[0010] Typically, the sets of re?ective elements in each 
path form a group, having a composite transfer function, 
While each group, representing different acoustic paths, has 
a different characteristic timing, alloWing the various group 
responses to be distinguished. 

[0011] The transponder tag thus typically includes a mul 
tiplicity of “signal conditioning elements”, i.e., delay ele 
ments, re?ectors, and/or amplitude modulators, Which are 
coupled to receive the ?rst signal from a transponder 
antenna. Each signal conditioning element provides an inter 
mediate signal having a knoWn delay and a knoWn ampli 
tude modi?cation to the acoustic Wave interacting With it. 
Even Where the signal is split into multiple portions, it is 
advantageous to reradiate the signal through a single 
antenna. Therefore, a single “signal combining element” 
coupled to the all of the acoustic Waves, Which have inter 
acted With the signal conditioning elements, is provided for 
combining the intermediate signals to produce the radiated 
transponder signal. The radiated signal is thus a complex 
composite of all of the signal modi?cations, Which may 
occur Within the transponder, of the interrogation Wave. 

[0012] In knoWn passive acoustic transponder systems, the 
transponder remains static over time, so that the encoded 
information is retrieved by a single interrogation cycle, 
representing the state of the tag, or more typically, obtained 
as an inherent temporal signature of an emitted signal due to 
internal time delays. In order to determine a transfer function 
of a passive transponder device, the interrogation cycle may 
include measurements of excitation of the transponder at a 
number of different frequencies. This technique alloWs a 
frequency domain analysis, rather than a time domain analy 
sis of an impulse response of the transponder. Essentially, 
the composite response of M signal conditioning elements 
Within the transponder tag are evaluated at at least M 
different frequencies, alloWing characteriZation of the group 
of elements. Displaced in time from each other, N groups of 
elements may be analyZed during the same interrogation 
sequence. 

[0013] Typically, the interrogator transmits a ?rst signal 
having a ?rst frequency that successively assumes a plurality 
of frequency values Within a prescribed frequency range. 
This ?rst frequency may, for example, be in the range of 
905-925 MHZ, referred to herein as the nominal 915 MHZ 
band, a frequency band that is commonly available for such 
use. The response of the tag to excitation varies With 
frequency, due to the ?xed time delays and attenuation. In 
some knoWn systems, the excitation frequency changes over 
time, so that the retransmitted response, due to the acoustic 
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propagation delay of the tag, is at a different frequency than 
the simultaneously emitted signal, thus providing a retrans 
mitted signal removed slightly from the emitted signal, so 
that When cross-modulated, the resulting signal is near 
baseband, but not DC. 

[0014] Preferably, the passive acoustic Wave transponder 
tag includes at least one element having predetermined 
characteristics, Which assist in synchroniZing the receiver 
and alloWs for temperature compensation of the system. As 
the temperature changes, the pieZoelectric substrate may 
expand and contract, altering the characteristic delays and 
other parameters of the tag. Variations in the transponder 
response due to changes in temperature thus result, in part, 
from the thermal expansion of the substrate material. 
Although propagation distances are small, an increase in 
temperature of only 20° C. can produce an increase in 
propagation time by the period of one entire cycle at a 
transponder frequency of about 915 MHZ; correspondingly, 
a change of about 1° C. results in a relative phase change of 
about 18°. The potential range of variation in an uncon 
trolled environment therefore requires an internal tempera 
ture reference/compensation mechanism. 

[0015] This knoWn sequential frequency excitation (chirp) 
interrogation surface acoustic Wave transponder system pro 
vides a number of advantages, including high signal-to 
noise performance, and the fact that the output of the signal 
mixer at the interrogator receiver—namely, the signal Which 
contains the difference frequencies of the interrogating chirp 
signal and the transponder reply signal—may be transmitted 
over inexpensive, shielded, tWisted-pair Wires because these 
frequencies are, for example, typically in the audio range. 
Furthermore, since the audio signal is not greatly attenuated 
or dispersed When transmitted over long distances, the signal 
processor may be located at a position quite remote from the 
signal mixer, or provided as a central processing site for 
multiple interrogator antennae. 

[0016] Passive transponder encoding schemes include 
selective modi?cation of interrogation signal transfer func 
tion H(s) and delay functions f(Z). These functions therefore 
typically generate a return signal in the same band as the 
interrogation signal. Since the return signal is typically 
mixed With the interrogation signal, the difference betWeen 
the tWo Will generally de?ne the information signal for 
analysis, along With possible interference and noise. By 
controlling the rate of change of the interrogation signal 
frequency With respect to a maximum round trip propagation 
delay, including internal delay, as Well as possible Doppler 
shift, the maximum bandWidth of the demodulated signal 
may be controlled. Thus, the knoWn systems employ a chirp 
interrogation Waveform Which alloWs a relatively simple 
processing of limited bandWidth transponder signals. 

[0017] KnoWn surface acoustic Wave passive interrogator 
label systems, as described, for example, in US. Pat. Nos. 
4,734,698; 4,737,790; 4,703,327; and 4,951,057, include an 
interrogator comprising a voltage controlled oscillator 
Which produces a ?rst signal at a radio frequency determined 
by a control voltage supplied by a control unit. This signal 
is ampli?ed by a poWer ampli?er and applied to an antenna 
for transmission to a transponder. The voltage controlled 
oscillator may be replaced With other oscillator types. 

[0018] For example, as shoWn in FIG. 2, the signal S1 is 
received at the antenna 24 of the transponder 20 and split 
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into a number of subsignals IN by combiner 42. The sub 
signals are each subject to a different signal modi?cation 
element AN(f), TN(f) 40, and returned to the combiner 42. 
Each signal modi?cation element 40 converts a portion of 
the ?rst (interrogation) signal S1 into a second (reply) signal 
S2, encoded With an information pattern. The signal condi 
tioning elements 40 are selectively provided to impart a 
different response code for different transponders, and Which 
may involve separate intermediate signals IO, I1 . . . IN Within 
the transponder. Each signal conditioning element 40 com 
prises a knoWn delay T1 and a knoWn amplitude modi?ca 
tion Ai (either attenuation or ampli?cation). The respective 
delay T1 and amplitude modi?cation A1 may be functions of 
the frequency of the received signal S1, constant indepen 
dent of frequency, or have differing dependency on fre 
quency. The order of the delay and amplitude modi?cation 
elements may be reversed; that is, the amplitude modi?ca 
tion elements Ai may precede the delay elements Ti. Ampli 
tude modi?cation Ai can also occur Within the path Ti. The 
modi?ed signals are combined in combining element 42 
Which combines these intermediate signals (e.g., by addi 
tion, multiplication or the like) to form the reply signal S2 
and the combined signal emitted by the antenna 18. 

[0019] The information pattern is thus encoded as a series 
of elements having characteristic delay periods TO and ATl, 
AT2, . . . ATN. TWo common types of encoding systems exist. 
In a ?rst, the delay periods correspond to physical delays in 
the propagation of the acoustic signal. After passing each 
successive delay, a portion of the signal IO, I1, I2 . . . IN is 
tapped off and supplied to a summing element. The resulting 
signal S2, Which is the sum of the intermediate signals 
IO . . . IN, is fed back to a transponder tag antenna, Which may 
be the same or different than the antenna Which received the 
interrogation signal, for transmission to the interrogator/ 
receiver antenna. In a second system, the delay periods 
correspond to the positions of re?ective elements, Which 
re?ect portions of the acoustic Wave back to the launch 
transducer, Where they are converted back to an electrical 
signal and emitted by the transponder tag antenna. The 
signal is passed either to the same antenna or to a different 
antenna for transmission back to the interrogator/receiver 
apparatus. The second signal carries encoded information 
Which, at a minimum, serves to identify the particular 
transponder. 

[0020] The modi?ed transponder (second) signal is picked 
up by antenna 56, as shoWn in FIG. 7. Both this second 
signal and the ?rst signal (or respective signals derived from 
these tWo signals) are applied to a mixer 68 (four quadrant 
multiplier) to produce a third signal S3 containing frequen 
cies Which include both the sums and the differences of the 
frequencies contained in the signals S1 and S2. The signal 
S3 is passed to a signal processor 102 Which determines the 
amplitude ai and the respective phase (Di of each frequency 
component fi among a set of frequency components (f0, f1, 
f2 . . . ) in the signal S3. Each phase (Di is determined With 
respect to the phase (I>O=0 of the loWest frequency compo 
nent f0. The signal S2 may be intermittently supplied to the 
mixer by means of a sWitch (not shoWn), and indeed the 
signal processor may be time-division multiplexed to handle 
a plurality of S2 signals from different antennas 56. 

[0021] The information determined by the signal proces 
sor 102 is passed to a computer system comprising, among 
other elements, a random access memory (RAM) 104 and a 
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microprocessor 106. This computer system analyZes the 
frequency, amplitude and phase information of the demodu 
lated signal and makes decisions based upon this informa 
tion. For example, the computer system may determine the 
identi?cation number of the interrogated transponder 20. 
This ID. number and/or other decoded information is made 
available at an output 107 to host computer 108. 

[0022] In one knoWn interrogation system embodiment, 
the voltage controlled oscillator 72 is controlled to produce 
a sinusoidal RF signal With a frequency that is sWept in 128 
equal discrete steps from 905 MHZ to 925 MHZ. Each 
frequency step is maintained for a period of 125 microsec 
onds so that the entire frequency sWeep is carried out in 16 
milliseconds. Thereafter, the frequency is dropped back to 
905 MHZ in a relaxation period of 0.67 milliseconds. The 
stepWise frequency sWeep 46 shoWn in FIG. 3B thus 
approximates the linear sWeep 44 shoWn in FIG. 3A. 

[0023] Assuming that the stepWise frequency sWeep 44 
approximates an average, linear frequency sWeep or 
“chirp”47, FIG. 3B illustrates hoW the transponder 20, With 
its knoWn, discrete time delays T0, T1, . . . TN, produces the 
second (reply) signal S2 With distinct differences in fre 
quency from the ?rst (interrogation) signal S1. Assuming a 
round-trip, radiation transmission time of to, the total round 
trip times betWeen the moment of transmission of the ?rst 
signal and the moments of reply of the second signal Will be 
tO+T0, tO+T1, . . . tO+TN, for the delays TON, T . . . , T1, 

respectively. Considering only the transponder delay TN, at 
the time tR, When the second (reply) signal is received at the 
antenna 56, the frequency 48 of this second signal Will be 
AfN less than the instantaneous frequency 47 of the ?rst 
signal S1 transmitted by the antenna 56. Thus, if the ?rst and 
second signals are mixed or “homodyned”, this frequency 
difference AfN Will appear in the third signal S3 as a beat 
frequency. Understandably, other beat frequencies Will also 
result from the other delayed frequency spectra 49 resulting 
from the time delays T0, T1, . . . TN_1. Thus, in the case of 
a “chirp” Waveform, the difference betWeen the emitted and 
received Waveform Will generally be constant. 

[0024] In mathematical terms, We assume that the phase of 
a transmitted interrogation signal is (I)=2J'|§f‘U, Where '5 is the 
round-trip transmission time delay. For a ramped frequency 
df/dt or f, We have: 2J'cft=d(I>/dt=u). u), the beat frequency, is 
thus determined by "c for a given ramped frequency or chirp 
f. In this case, the signal S3 may be analyZed by determining 
a frequency content of the S3 signal, for example by 
applying it to sixteen bandpass ?lters (of any implementa 
tion), each tuned to a different frequency, f0, f1, . . . fE, fF. 
The signal processor 102 determines the amplitude and 
phase of the signals that pass through these respective ?lters. 
These amplitudes and phases contain the code or “signature” 
of the particular signal transformer 40 of the interrogated 
transponder 20. This signature may be analyZed and decoded 
in knoWn manner. 

[0025] The ranges of amplitudes Which are expected in the 
individual components of the second signal S2 associated 
With the respective pathWays or tap delays 0-F may be 
predicted. The greatest signal amplitudes Will be received 
from pathWays having re?ectors in their front roWs; namely, 
pathWays 0, 1, 4, 5, 8, 9, C and D. The signals received from 
the pathWays having re?ectors in their back roWs are some 
What attenuated due to re?ections and interference by the 
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front roW re?ectors. If any one of the amplitudes a1 at one 
of the sixteen frequencies f1 in the third signal S3 falls 
outside its prescribed or predicted range, as shoWn in FIG. 
5, the decoded identi?cation number for that transponder is 
rejected. 
[0026] As indicated above, acoustic transponders are sus 
ceptible to so-called “manufacturing” variations, due to 
intertransponder differences, as Well as temperature varia 
tions in response due to variations in ambient temperature. 
This is particularly the case Where small differences in tap 
delays, on the order of one SAW cycle period, are measured 
to determine the encoded transponder identi?cation number. 
These manufacturing and/or temperature variations can, in 
this case, be in the same order of magnitude as the encoded 
informational signal. 

[0027] As explained above, the transponder identi?cation 
number contained in the second (reply) signal is determined, 
for example, by the presence or absence of delay pads in the 
respective SAW pathWays. These delay pads make a slight 
adjustment to the propagation time in each pathWay, thereby 
determining the phase of the surface acoustic Wave at the 
instant of its reconversion into electrical energy at the end of 
its pathWay. Accordingly, a ?xed code (phase) is imparted to 
at least tWo pathWays in the SAW device, and the propaga 
tion times for these pathWays are used as a standard for the 
propagation times of all other pathWays. Likewise, in a 
re?ector-based acoustic device, a re?ector may be provided 
at a predetermined location to produce a reference signal. 

[0028] The entire process of compensation is illustrated in 
the flow chart of FIG. 6. As is indicated there, the ?rst step 
is to calculate the amplitude a1 and phase (D1 for each audio 
frequency fi (block 180). Thereafter, the sixteen amplitudes 
are compared against their acceptable limits (block 182). 
These limits may be different for each amplitude. If one or 
more amplitudes fall outside the acceptable limits, the 
transponder reading is immediately rejected. If the ampli 
tudes are acceptable, the phase differences (Dij are calculated 
(block 184) and the temperature compensation calculation is 
performed to determine the best value for AT (block 186). 
Thereafter, the offset compensation calculation is performed 
(block 188) and the phases for the pathWays 2, 3, 6, 7, A, B 
and E are adjusted. Finally, an attempt is made to place each 
of the pre-encoded phases into one of the four phase bins 
(block 190). If all such phases fall Within a bin, the tran 
sponder identi?cation number is determined; if not, the 
transponder reading is rejected. 
[0029] There are a number of other passive remotely 
readable information bearing devices, such as bar codes, 
color codes, other types of radio frequency devices, and the 
like. 

[0030] KnoWn Wireless communications systems include 
various cellular standards (IS-41, IS-95, IS-136, etc.) as Well 
as so-called PCS standards and data-only standards, includ 
ing Cellular Packet Data Protocol (CPDP). The Metricom 
“Ricochet” system provides a frequency hopping 915 MHZ 
spread spectrum Wireless local data access system. These 
communications standards, due to their extensive infrastruc 
ture, alloW a large number of simultaneous users to com 
municate over separate communications channels Within a 
relatively small band Without substantial mutual interfer 
ence. Therefore, communications channels may be appro 
priated for near real time communications needs, such as 
voice and navigational data. 
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SUMMARY AND OBJECTS OF THE 
INVENTION 

[0031] According to the present invention, a plurality of 
passive remotely interrogable information devices are pro 
vided dispersed through an environment. A stored or syn 
thesiZed map relates a set of identi?cation codes of proxi 
mate information devices With a speci?c location Within the 
environment. The information devices do not necessarily 
each have suf?cient information storage (or transmission) 
capacity to uniquely de?ne a location. HoWever, the infor 
mation contained in a proximate group of information 
devices together carry suf?cient information. In obtaining 
the information contained in the group of information 
devices, this may be obtained simultaneously, but preferably 
it is obtained sequentially, With a record kept of the relative 
positions of each information device. Thus, the set of 
locations and information contents are used to search a more 
global map or mapping function to determine an absolute 
location. 

[0032] Where the environment includes a set of prede?ned 
paths, e.g., roads or isles, the map may be a set of topologi 
cally interconnected one dimensional strings of code 
sequences. Where the locations are not limited by prede?ned 
paths, and the receiver is free to roam, the map includes a 
tWo-dimensional array of codes. 

[0033] The information devices may be randomly dis 
persed, and thus the sequence of codes is random, such that 
it is unlikely that a number of devices, e.g., 5 sequential 
information devices along any path, Would be repeated 
along any other path, and less likely that 10 sequential along 
any path Would be repeated. Thus, for limited environments, 
information codes from, e.g., 5 or 10 sequential devices 
Would uniquely de?ne a location of the interrogator. Once a 
global location Within the environment is determined, incre 
mental movements Within the environment are more easily 
tracked, so that often only a single additional information 
device must be read in order to determine the change in 
location, Within the granularity of the spacing of information 
devices. Thus, relatively simple information devices and 
receiver devices may be used to accurately de?ne a location. 

[0034] The information devices are distributed to avoid 
close proximity of indistinguishable codes, and to avoid 
regular or repeating patterns. Thus, the distribution of infor 
mation devices must be (a) random; (b) pseudorandom, or 
(c) regular With no repetition along any path along any 
prede?ned path or tWo-dimensional surface. Thus, When 
distributing the encoded information devices, a sensor may 
be used to read an information device or tag before place 
ment, seeking to ensure that it meets the requirements for 
ef?cient localiZation Within the environment. The sensor 
may thus “veto” a selection of device Which raises a prob 
ability of ambiguity. Apredetermined mapping or mapping 
function may also be de?ned, thus specifying Which infor 
mation device codes are to be present at each location. 

[0035] During arrangement and distribution of the infor 
mation devices, preferably these are stored in bins or iden 
ti?ed. It is therefore advantageous to provide a limited 
number of codes, for example less that 256 codes, and more 
preferably betWeen 16 and 64 different codes. 

[0036] Where the array of information devices is small, 
random placements may be effective. HoWever, Where the 
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array is large, it may be advantageous to de?ne a pseudo 
random pattern of information devices throughout the envi 
ronment With a pattern Which does not repeat over the 
encompassed area, or Which provides other positional cues 
to resolve an ambiguity due to repeated sequences. These 
pseudorandom sequences may be generated by relatively 
simple electronic devices, and used to control or suggest 
placement of devices. The advantage of a pseudorandom 
placement de?ned by a mathematical function is that the 
mapping function is de?ned by the compact mathematical 
function and therefore alloWs a relatively loW memory 
capacity processor to determine location. 

[0037] Where an identi?cation code pattern folloWs a 
pseudorandom sequence, advantageously a pseudorandom 
pattern generator-based system may be used to determine 
the location by correlating a received sequence With poten 
tial paths through the one-dimensional or tWo-dimensional 
pseudorandom pattern space, as appropriate for the appli 
cation, until matches are found. If additional data reveals an 
error, further searching is conducted until a correct place 
ment is determined. After the position is correctly and 
unambiguously determined, each additional information 
device code alloWs a simple nearest-neighbor search Within 
the map to determine the change in location. If ambiguity is 
detected (tWo possible locations), other cues may be used to 
determine location, such as distance (Wheel revolution sen 
sor), direction (steering direction, compass, inertial sensor), 
inertial presumptions, and the like. 

[0038] While a regular pattern of identi?cation codes may 
also be used, this technique may be less ef?cient at convey 
ing information, according to knoWn information theory, 
unless it gains the pseudorandom presentation, in Which case 
it potentially remains less efficient because it lacks a simple 
mathematical descriptive function. 

[0039] The system according to the present invention has 
a number of advantages over, and differences With respect to 
other geopositioning systems, such as GPS, differential 
GPS, GLONASS, etc., in that submeter accuracy is easily 
obtained, jamming is possible only from nearby systems, it 
can provide nearly instantaneous lock-on, is subject to no 
shadoWing from urban structures, and has loW cost. Further, 
the system according to the present invention may be 
integrated into other systems, providing further cost savings 
due to common processing elements, input and output, 
poWer supply and/or packaging. Therefore, the system 
according to the present invention may be used in conjunc 
tion With such other systems to provide a coarse and ?ne 
positioning accuracy. Thus, a geopositioning system (e.g., 
GPS), dead reckoning, inertial guidance, or other type of 
system may be used to de?ne a coarse position, initial 
starting position or consistency check. Further, an initial 
position may be input manually. This position may be used 
as an input into the positioning system according to the 
present invention to provide a starting point for a search of 
the database to ?nd the location of the interrogator. Thus, 
Where the positional ambiguity is substantial over a large 
database, the initial position may be de?ned to alloW useful 
operation Without requiring a very large number of tran 
sponders to be read or a protracted search and analysis of the 
database to ?nd a consistent position. Thus, a commercial 
GPS system may provide a positioning accuracy of 1100 
meters. This GPS-derived position, Which is insuf?ciently 
accurate to de?ne a highWay lane or eXit location, may then 
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be used to de?ne a coarse position, facilitating initial local 
iZation using the transponder encoding method. Thereafter, 
the ?ne position and changes in position are tracked using 
primarily the transponders, assuming they are closely 
spaced. If they are not closely spaced, then another system 
may be used to de?ne the location, With the transponder 
locations used to de?ne differential corrections. In the event 
that the various localiZation systems produce inconsistent 
location information, then an error checking routine may be 
initiated to identify the source and effect of the error. Once 
completed, the system may recalibrate according to the 
de?ned conditions, or alert the user. 

[0040] It is noted that, according to the present invention, 
transponders need not be evenly or regularly spaced through 
the environment, and therefore regions of loW density and 
high density may eXist. As stated above, the strategy for use 
of loW and high density transponder codes may differ. 
Further, in the case of loW density transponder environ 
ments, it may be desired to provide a greater encoding 
capability per transponder. Thus, in a loW density environ 
ment, a transponder may completely and unambiguously 
de?ne its position, While in a high density environment, 
loWer encoding capability transponders may be employed. 
LikeWise, in a high transponder density environment, tran 
sponders of small and great encoding capabilities may be 
interspersed. 

[0041] Since the environment of operation may be uncon 
trolled, and the stored maps and distribution of transponders 
subject to change and mishap, it is preferred that the system 
according to the present invention operate according to an 
algorithm Which is tolerant of interference, misreads, false 
reads, and non-correspondences betWeen the stored map and 
environmental distribution of transponders. Thus, an error 
tolerant system is preferably provided. One Way to provide 
such tolerance is to provide an algorithm Which, instead of 
seeking an eXact match betWeen a string of codes, compares 
the actual code string received from the transponders With 
the stored map, to determine a correlation, Which is consid 
ered to indicate a correspondence if it eXceeds a certain 
threshold. While this may increase the potential degree of 
ambiguity, this can be compensated by correlating longer 
strings. Statistical processing of the data may be used to 
increase con?dence in a reading to a transponder code, and 
processing of the RF signal may be used to identify and 
characteriZe interference. HoWever, damage to, movement 
of, or replacement of transponders Would remain as issues. 
Such error tolerant processing is preferably used in conjunc 
tion With secondary localiZation schemes, as discussed 
above. 

[0042] The system according to the present invention may 
employ an acoustic RF transponder having a code space of 
23-28 for each device, alloWing use of a small device With 
loWer precision than required of a device having a larger 
code space. Further, With a small number of codes, the 
requirement of secondary processing of a received signal to 
de?ne “loW order” codes is eliminated. Thus, the required 
electronics are simpler and of loWer required precision. 

[0043] The system according to the present invention 
relies on a memory, for eXample an EEPROM memory, 
Which includes suf?cient information, either a map or a 
mapping function, to correlate the particular identifying 
code of an information device With its location. A sequence 
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of codes, and preferably their relative sequence or locations, 
is correlated With the stored map or expanded mapping 
equation to determine possible locations Which meet the 
received sequence. As the number of codes received 
increases, the number of possible locations decreases, unless 
there is an ambiguity in the map. Mathematical analysis of 
potential mapping functions and static maps may be used to 
eliminate such ambiguities. In the case of a truly random 
placement of tags, such ambiguities remain possible. Even 
tually, any ambiguity Will (hopefully) disappear or be small. 
Further, other cues or presumptions may be applied to help 
determine location, such as a presumption of continuity in 
space, inertia, and models of activity, such as “travel to left 
of markers”. 

[0044] In order to accommodate errors in the placement of 
tags, and/or errors in reading tags, a fault tolerant design is 
employed. For example, errors may be due to erroneous 
placement or replacement, or missing or defective tags. In 
this case, a memory “overlay” may be provided to correct 
the system output. The memory may be updated adaptively, 
as necessary and/or the system correlated With landmarks at 
knoWn locations. Thus, if a device is randomly replaced With 
another device With a different code, the error Would become 
apparent after traversing a feW more markers, and the 
correction memory updated to re?ect the change. If a tag is 
erroneously read, the memory overlay may be corrupted, but 
the location Would nevertheless be determined after reading 
a feW more tags. 

[0045] Thus, in addition to the mapping system, a statis 
tical process is implemented to assure stabile operation and 
location determination even under noisy conditions. One 
Way to achieve this is to provide that the environment be 
dotted With a greater number of tags than minimally neces 
sary for the application, providing redundant information in 
the scheme, and therefore providing error tolerance. 

[0046] Anumber of methods are available for determining 
a location based on a set of identi?cation codes. In a ?rst 

embodiment, a memory architecture provides an address 
space in Which the roW and column addresses have some 
correspondence to positional coordinates. When a ?rst iden 
ti?cation code is received, the memory is searched and all 
instances of the occurrence of that code in the memory are 
identi?ed. When the second code is received, the memory is 
searched, With emphasis on those occurrences of the second 
code proximate to the ?rst code. Likewise, When subsequent 
codes are received, the search is narroWed to clusters con 
taining a path through the sequence of codes. When the 
position is unambiguously determined, further relative posi 
tion changes may be tracked by restricting the search to 
locations nearby the last con?rmed location. In a case Where 
a neW identi?cation code fails a consistency check, i.e., 
Where a change in distance from the last position is unrea 
sonable, or other positions of intervening identi?cation 
codes are skipped, the update of position may be suppressed 
until further position information is received, con?rming or 
refuting a putative position. The output position in this case 
may represent an intelligent prediction of the position based 
on other data. If the inconsistency is persistent, then the 
memory system may be updated to re?ect the actual cir 
cumstances. 

[0047] In another embodiment, the position information 
and identi?cation codes are stored in a memory, indexed by 
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identi?cation code. Therefore, With the identi?cation code as 
an input, the matching locations are returned. The matching 
locations of a sequence of identi?cation codes are analyZed 
to determine a probable path, by determining a cluster 
location consistent With the received data, and then deter 
mining the consistent path. 

[0048] In a third embodiment, pairs of identi?cation codes 
representing adjacent positions are stored in memory. When 
tWo identi?cation codes are received, the pair forms an 
address, Which is retrieved from the memory. The memory, 
in turn, stores a pointer to a set of consistent locations. This 
set Will be geometrically smaller than a set of single iden 
ti?cation code consistent positions. When a neW identi?ca 
tion code is received, a neW set corresponding to the updated 
pair is accessed. Based on the old position, a threshold 
WindoW is determined, and used to screen the neW set. 
Where multiple positions match the WindoW, reference may 
be made to data representing a larger number of old iden 
ti?cation codes, Which are used to further screen the loca 
tion. In this case, the threshold WindoW for older data must 
be enlarged, to account for possible position changes of the 
detector. Assuming a random distribution of identi?cation 
codes, after sensing of a number of identi?cation codes, the 
positional determination may become unambiguous. After 
an unambiguous determination of position, subsequent posi 
tion may be determined by predicting a path and updating 
the prediction based on received data. 

[0049] In the case of a pseudorandom mapping equation, 
the locations of encoded tags are prescribed by a formula. 
This formula may then be evaluated to provide a complete 
map. The advantage of this system is that complete maps are 
not necessary. The simplest Way to use this system is to 
evaluate portions of the mapping equation and storing this in 
a small memory buffer. The buffer is then searched to 
determine a correspondence With available data. When a 
high degree of correspondence is determined, a putative 
location is output. Additional tag code data is evaluated, and 
if consistent With the buffered portion of the decoded map, 
the determined location is output. On the other hand, if it is 
inconsistent, the mapping function space is further searched 
for potential consistent locations. It is noted that all possible 
consistent locations may be identi?ed. It is also noted that 
the initial search time may be considerable, especially With 
a loW-end microprocessor and a large mapping space; hoW 
ever, With relatively small mapping spaces and/or after 
initial localiZation (the initial location may be input extrin 
sically), even a loW computing poWer system Would be able 
to quickly update a position. 

[0050] Other types of data analyses are also possible. 

[0051] In one system, for example, each information 
device holds 28 bits of information, i.e., there are 256 
different codes. An environment is seeded With information 
devices every 12 feet, over an area of 1 square mile. Thus, 
about 193,000 dots are provided. Assuming a balanced 
number of each code, there Will be approximately 756 dots 
of each type. HoWever, Where codes are paired, there Will be 
only about 3 similar pairs. Using one additional code or 
other information, the position may generally be unambigu 
ously determined, thus, under these circumstances, tWo 
codes, or a movement distance of about 24 feet, alloWs a 
trifold ambiguity, While a movement of about 36 feet alloWs 
unambiguous localiZation. 
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[0052] The system according to the present invention may 
be used, for example, to provide location information for 
vehicles on a highway, for intelligent Warehouses, and other 
applications. Because the resolution is limited only by the 
type of transponder and quality of receiver, it is possible to 
reasonably obtain resolutions of less than about 0.5 meter for 
RF transponders, and less than about 1 cm for optical 
transponders, even over very large distances. Precision is 
limited primarily by the initial mapping of the locations of 
the encoded devices. Thus, the system according to the 
present invention is usable in many circumstances Where 
radio-location systems, such as GPS are not. In addition, the 
information device transponders may be made ef?ciently 
and cheaply, due to the limited range and codespace, While 
the receiver complexity resides primarily in the ambiguity 
resolution analysis, easily handled by presently available 
microprocessors and/or digital signal processors, or appli 
cation speci?c integrated circuits (ASIC). Thus, While the 
initial determination of a location based on a set of relatively 
small codes, and optionally a path prediction, may require 
signi?cant analysis, this analysis is not beyond the capability 
of available systems. 

[0053] The analyZer may combine a number of strategies 
to achieve a most ef?cient result; hoWever, the minimum 
required response time for the most dif?cult analysis Will 
determine the processing capabilities required, and thus 
increased efficiency gained through choosing a best strategy 
may not produce a signi?cantly better or noticeably faster 
result. On the other hand, under circumstances Where the 
processor has excess processing capacity, advanced statis 
tical analysis, interpolation and consistency checking of data 
may easily be implemented. 

[0054] The receiver for a radio frequency transponder 
system operates as folloWs. An interrogation signal is emit 
ted, Which may be a pulse, continuous Wave, frequency 
chirp, frequency hopping spread spectrum carrier, direct 
sequence spread spectrum carrier, or the like. The interro 
gation signal interacts With a transponder, Which modi?es 
the interrogation signal and returns it to a receiver. The 
receiver analyZes the interrogation signal in knoWn manner 
to determine the information code of the nearest transpon 
der. More distant transponders and noise may be ?ltered 
using knoWn techniques. Adjacent interrogation systems 
may be distinguished by time or frequency multiplexing 
techniques, or by spread spectrum techniques. Because of 
the limited codespace, hoWever, the receiver has relaxed 
technical requirements as compared to receivers for larger 
codespace devices. The determined code, optionally along 
With other information Which may help de?ne a location, is 
passed to an analyZer, Which then outputs a position, and 
optionally direction, velocity, acceleration, etc. 

[0055] While a pseudorandom sequence of information 
devices provides ef?ciencies in storing a map, this method 
also poses the dif?culties in maintenance of the physical 
system to correspond to the generating algorithm. For 
example, a missing information device Would have to be 
replaced With an identical information device, or an excep 
tion generated. Further, great care must be taken When ?rst 
implementing the system to assure a Workable algorithm. Of 
course, in both a map and algorithm based system, an 
exception map may be provided, the use of an exception 
map reduces the advantages of an algorithm, and may groW 
large in siZe over time and may sloW analysis. A map-based 
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system may be adaptive (alterable), and thus might avoid the 
need for separately stored exceptions. 

[0056] Where the information devices are established as 
regular ?xtures of a highWay, for example, then these may 
be incorporate as part of a guidance and control system of a 
vehicle, for example to prevent unintended sWerving out of 
a lane, as part of an intelligent cruise control system, and as 
part of a geographical localiZation system. 

[0057] While a preferred embodiment provides a radio 
frequency transponder system, optical systems may also be 
used, Which may be encoded With colors, binary optical 
codes, or other optical indicia. 

[0058] It is therefore an object of the invention to provide 
a localiZation system comprising an information device 
reader, a memory for storing mapping information, a 
memory for storing sets of proximate information device 
codes received by the reader, and a search engine for 
searching the stored mapping information for map regions 
consistent With the sets of proximate information codes. 

[0059] It is also an object according to the present inven 
tion to provide a distributed set of information devices, each 
device having a non-unique code, said codes being distrib 
uted pseudorandomly or randomly through the environment 
space. 

[0060] It is another object of the invention to provide a 
data storage medium containing a map or mapping function 
describing codes of a distributed set of information devices 
and relating an identi?cation of a device With a position 
thereof. 

[0061] It is a further object of the invention to provide a 
method for determining a location, comprising dispersing 
through an environment space a set of encoded information 
devices, each having a non-unique encoding, in a random or 
pseudorandom pattern; storing a mapping of codes for 
encoded information devices in conjunction With a location 
thereof in the environment space; receiving codes from a set 
of proximately disposed information devices; and searching 
the mapping to identify a location having consistent set of 
proximate information devices. 

[0062] These and other objects Will become apparent from 
a revieW of the detailed description of the preferred embodi 
ments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0063] FIG. 1 is a top vieW of a knoWn passive surface 
acoustic Wave transponder device; 

[0064] FIG. 2 is a block diagram of a transponder device 
corresponding to FIG. 1; 

[0065] FIGS. 3A and 3B are time diagrams, draWn to 
different scales, of the radio frequencies contained in the 
interrogation and reply signals Which interact With the 
transponder device according to FIG. 1. 

[0066] FIG. 4 is a block diagram shoWing antenna cou 
pling and acoustic Wave paths for a portion of an acoustic 
Wave transponder device according to the present invention; 

[0067] FIG. 5 is graph shoWing tolerance bins for 
received group information in the system according to claim 
1; 
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[0068] FIG. 6 is a How diagram showing the order of 
calculations for identifying a code carried by an acoustic 
Wave transponder; 

[0069] FIGS. 7A and 7B are schematic diagrams of a 
typical acoustic Wave transponder interrogation system; 

[0070] FIG. 8 is a block diagram of a location determi 
nation system in a guidance system of a vehicle according to 
the present invention; 

[0071] FIGS. 9A and 9B shoW identi?cation code distri 
butions for a constrained path environment and free roaming 
environment, respectively; and 

[0072] FIG. 9C shoWs a variable density identi?cation 
code distribution. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0073] The preferred embodiments of the present inven 
tion Will noW be described With reference the draWings. 
Identical elements in the various ?gures are designated With 
the same reference numerals. 

[0074] An interrogation system according to the present 
invention is provided Which employs a frequency hopping 
spread spectrum signal having a pseudorandom sequence 
Which excites each of a set of approximately evenly spaced 
frequencies once during each repetition. The interrogation 
signal occupies a band of approximately 20 MHZ centered at 
915 MHZ. The band is divided into 128 discrete frequencies, 
each of Which is maintained for about 125 pS before hopping 
to a different frequency, Which is preferably not an adjacent 
frequency. The interrogation signal is generated by a digi 
tally controlled oscillator, including a phase locked loop 
With voltage controlled ampli?er. The sequence is selected 
to evenly spread energy through the band, Without concen 
trating the Wave energy in a narroW range for an extended 
period, thus effectively obtaining the advantages of a fre 
quency hopping spread spectrum communication system. 
Such sequences are knoWn in the art, and may be generated 
based on a lookup table or pseudorandom sequence genera 
tor. 

[0075] KnoWn transponder devices typically employ 16 
degrees of freedom in their code space, generated in accor 
dance With the embodiment of FIG. 1 by four bidirectional 
transducers, each Wave having tWo sets of elements to 
interact With. Thus, the interrogator must resolve the 16 
degrees of freedom in order to identify the transponder. In 
order to resolve these degrees of freedom, at least 16 distinct 
conditions must be applied to the transponder, producing a 
response Which alloWs solution of the simultaneous equa 
tions. Since at least 16 conditions, in this case different 
frequencies, are required, the larger available number of 
available frequencies alloWs robustness to interference and 
increased accuracy. 

[0076] According to the present invention, pseudo 
uniqueness of transponder codes Within the environmental 
space is not required. Therefore, a much simpler transponder 
implementation is possible. For example, FIG. 4 shoWs a 
transponder having a single bi-directional acoustic Wave 
transducer With tWo groups of three delay pads and a 
re?ector in each group, along each Wave path. This alloWs, 
in addition to the compensation pads (Which may not be 
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necessary in a simpli?ed system) four degrees of freedom 
for each of tWo paths, thus de?ning a codespace of 32. 

[0077] A microprocessor 76 is provided to control the 
system, generating the control signals for the digitally con 
trolled oscillator, Which in the embodiment shoWn in FIG. 
7, includes a Digital to Analog converter 78, loW pass ?lter 
80 and voltage controlled oscillator 72. 

[0078] Since only 4 discrete excitation parameters, of the 
128 available, are required for an output of the transponder 
code, the analysis may proceed on an incomplete data set. 
Further, because of thus ?exibility, the frequency hopping 
sequence need not repeat or excite each frequency at the 
minimum rate, so long as the analyZer is provided With data 
identifying the speci?c excitation conditions. 

[0079] The receiver system includes an antenna 56 and 
ampli?er, Which receives a modi?ed interrogation (second) 
signal S2 from the transponder 20. In some embodiments, 
this second signal S2 may be normaliZed in amplitude by an 
automatic gain control or limiter, since the phase relation 
ships Within the signal encode useful information relating to 
the encoding. HoWever, in many instances, the signal also 
carries useful information encoded in the amplitude, Which 
Would be lost in a limiter. Therefore, a phase-amplitude 
response analysis of the transponder signal is preferred. This 
phase-amplitude response thus encompasses amplitude 
variations, phase variations and/or amplitude and phase 
variations. The modi?ed interrogation signal S2 is mixed in 
a demodulator With a representation of the interrogation 
signal S1. The demodulator is a double balanced mixer 68, 
operating at up to at least 1 GHZ. The representation of the 
interrogation signal S1 may be the ?rst signal S1 itself, as 
being simultaneously output, a delayed replica of the signal, 
or an independently generated signal. The purpose of this 
mixer 68 is to ultimately translate the frequency of the signal 
to baseband, to alloW homodyne detection of the relative 
phase-amplitude response of the interrogation signal S1 
represented in the transponder signal S2. Where the signals 
S1, S2 are in phase, the output S3 of the mixer 68 is 
maximal, and decreases as the respective phases reach 
quadrature, turning negative as the signals move completely 
out of phase. Due to the composite nature of the transponder 
signal S2, being the superposition of the modi?cations in 
each acoustic path in the transponder device 20, as each 
component of the Wave is initially received after a frequency 
hop, the relative phase Will change. After the transient 
response, due to the elements 40 Within the signal path, has 
abated, the relative phase Will be static until the next hop. 
The output of the mixer 68 is also related to the relative 
amplitude of the transponder signal S2. 

[0080] An integrator 70, Which may be implemented as a 
tWo pole R-C loW pass ?lter, having both time-constants of 
about 10 pS, and a frequency cutoff of about 100 kHZ, 
receives the output of the mixer 68, and thus produces a 
?ltered output representing the relative phase for each 
excitation frequency. The ?lter output is sampled by a 
sample hold ampli?er 100 after the transients have abated 
and the signal has settled, for example four to ?ve time 
constants of the ?lter, e.g., 40-50 pS. 

[0081] Of course, the ?lter 70 need not be so simple, and 
may, for example, include an active ?lter, digitally con 
trolled integrator having a predetermined integration period, 
or other type. 
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[0082] The duration of each hop is longer than the longest 
delay in a transponder as Well as the travel delay. Thus, 
Where a maximum delay Within a transponder is less than 
about 10 MS, a stationary frequency dWell period is greater 
than 10 pS; practically, this dWell period may be much 
greater than this minimum amount. 

[0083] In the preferred embodiment, a single frequency is 
emitted as the interrogation signal at any time; hoWever, a 
plurality of such frequencies may be emitted simultaneously 
or concurrently. In that case, the receiver system may 
include a multichannel decoder for selectively decoding 
each of the frequencies simultaneously (thus, for example, 
employing a plurality of mixers and integrators), or for 
selectively decoding one of the channels one at a time. If a 
digital signal processor is employed (rather than analog 
components), the processing poWer of the device Will deter 
mine hoW much parallelism may be implemented. 

[0084] The resulting loW frequency signal S3, from homo 
dyne demodulation of the interrogation signal With the 
transponder signal S2 at the same frequency, produces a 
signal With an amplitude related to the average phase 
amplitude relation of the signals entering the mixer 68. This 
amplitude is determined, for example every 125 pS (8 kHZ), 
With frequency hops occurring at this same rate. Because of 
the differences in the transponder signal S2 due the ?xed 
nature of internal delays and the changing interrogation 
frequency, the phase-amplitude response at each frequency 
hop provides a datapoint for analyZing the various delays tN 
Within the transponder 20. 

[0085] In performing an analysis of the transponder signal 
S2, a number of compensations and corrections may be 
made. For example, the round trip signal delay may be 
normaliZed, yielding an estimate of distance by a time of 
arrival technique. Likewise, any Doppler shift in the signal 
may be determined and compensated, alloWing an indication 
of relative speed. This later correction produces a relative 
frequency shift of the transponder signal S2 With respect to 
the interrogation signal S1. This frequency shift, hoWever, is 
typically of a relatively loW frequency, beloW the 8 kHZ 
frequency hopping rate, and therefore introduces only small 
errors, Which may be compensated in the analysis. Likewise, 
other potential causes for variations from the nominal delay 
periods of a transponder, including temperature changes, 
mask variations, manufacturing variations and random 
variations may also be compensated in the analysis, in 
knoWn manner. Since the determined degrees of freedom 
correspond to delays, the correction scheme is essentially as 
shoWn in FIG. 6. 

[0086] The relative phase-amplitude output from the inte 
grator 70 is digitiZed and stored in memory 104. While FIG. 
7 shoWs a separate signal processor 102 and microprocessor 
106, it should be understood that the respective functions 
may be integrated in a single device. The delay coefficients 
of the transponder 20 are determined, Which correspond to 
the degrees of freedom, and corrections and compensations 
applied as necessary. Consistency checking may be per 
formed for each data point, based on the redundant infor 
mation from the larger number of datapoints available than 
are minimally necessary, excluding from analysis those 
Which are likely to represent artifacts or interference. 

[0087] The analyZer thus evaluates a set of simultaneous 
equations relating the integrated phase-amplitude responses 
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to the characteristic set of signal perturbations of the passive 
acoustic transponder 20, compensating the evaluated 
degrees of freedom for predetermined variances, evaluating 
each integrated phase-amplitude response for consistency 
With a set of remaining integrated phase-amplitude 
responses, and producing an output of the delay coef?cients. 

[0088] According to the present invention, the interrogator 
system is provided on a mobile platform, such as a vehicle. 
As shoWn in FIG. 8, a microprocessor 200 controls a 
vehicular guidance system. The microprocessor 200 
executes a program de?ned in non-volatile memory 208, and 
temporarily stores information in volatile memory 206. The 
microprocessor receives navigational information from an 
inertial sensor 216, a directional sensor 218, a Wheel rotation 
sensor 220, a GPS subsystem 222 and a compass 224. The 
microprocessor 200 also interfaces With an input/output 
system 214, providing a human interface and integration 
With other electronic systems. 

[0089] In an alternate embodiment, the database Which 
stores the mapping information is remote from the interro 
gator device. In this case, a radio frequency communications 
link, for example employing the 900 MHZ communication 
band, Ricochet, or using a CPDP protocol in the cellular 
communications band (about 832 MHZ), alloWs the com 
puter associated With the interrogator to communicate With 
the database in order to localiZe itself. This remote database 
system alloWs the mobile processor to maintain limited 
processing capabilities, and, in the case of a cellular com 
munication systems, alloWs a coarse localiZation based on 

the proximity to the cellular antenna, thus reducing the 
amount of processing necessary. In fact, even With a data 
base local to the mobile system, the identi?cation of cellular 
antennas may still be used to localiZe the interrogator to 
reduce ambiguities. 

[0090] The microprocessor 200 controls the interrogation 
cycle, for example by controlling a digitally synthesiZed 
oscillator 232 and an RF sWitch 238. The oscillator signal S1 
is ampli?ed by ampli?er 234, and transmitted through 
antenna 240. As the antenna 240 is proximate to a transpon 
der device 2500, 2501, 2502, 2503, the radiated RF signal 
interacts With a respective transponder antenna 252, and is 
received, modi?ed and retransmitted as a transponder signal 
S2 by the passive acoustic Wave transponders 2500, 2501, 
2502, 2503. The transponder signal is received by the 
antenna 240, and by Way of RF sWitch 238, supplied to 
ampli?er 236. The ampli?ed transponder signal S2 is mixed 
in mixer 230 With a representation of the oscillator signal S1, 
Which is, for example, delayed by delay 254, Which may be 
a surface acoustic Wave delay line, similar to the transpon 
ders 2500, 2501, 2502, 2503 in construction. The output of 
the mixer 230 S3 is provided to an analog-to-digital con 
verter 204, Which has an integral sample hold ampli?er, and 
input to the digital signal processor (DSP) 202. The DSP 202 
processes the signal to identify the code of the respective 
transponder 2500, 2501, 2502, 2503. The microprocessor 200 
receives the code identifying the transponder 2500, 2501, 
2502, 2503 and processes it in conjunction With a map 
database 212 and an exception map database 210, to deter 
mine a location Within an environment seeded With the 
transponders 2500, 2501, 2502, 2503. Inconsistencies are 
used to update the exception map database 210, to improve 
performance on subsequent visits to the same location 
having the inconsistency. 








