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A RECETVER FOR RECEIVING A PLURALITY
OF ASYNCHRONOUSLY TRANSMITTED SIGNALS

RELATED APPLICATION
The present application is a continuation-in-part of
commonly owned co-pending patent application serial
No.07/967,346 filed October 27, 1992 entitled ACOUSTIC LOCAL

AREA NETWORKS.

FIELD OF THE INVENTION
This invention relates generally to communication
systems and more particularly to receivers adapted for use
in asynchronous additive white Gaussian noise (AWGN)

communication channels.

BACKGROUND OF THE INVENTION

As is known in the art a local area network is a
communications network that interconnects a variety of data
communicating devices generally within a physically limited
area. Points in a network where communication service is
provided, wused or where communication channels are
interconnected are generally referred to as network nodes or
simply nodes. Connected to each of the nodes are devices,
generally referred to as stations, which wish to receive and
transmit data. The network nodes may be connected using so-
called internodal links. Thus, the stations may receive and
transmit data via the network nodes and internodal links.

The internodal links between such nodes may be provided
as so called point-to-point, multi-point or store-and-forward
links. A point-to-point link is a transmission fability that
connects only two nodes. A point-to-point transmission
facility allows many nodes to communicate with a common node
through non-interfering channels. One problem in some point-
to-point systems however is that such systems have an
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internodal acoustic telemetry channel which is a broadcast
channel to which all stations coupled to the network have
access. This requires a careful coordination of data packet
transmission activity to minimize interference between two
packet streams routed through common nodes. Thus,
interference from non-neighboring nodes may result.

The so-called multi-point or multi-drop facilities
provides service to many nodes that share access to the same
transmission facility.

In so called store-and-forward systems, a message from
one station is received at a computer acting as a switch and
is stored there. After the computer has determined a
destination address and an available communication circuit,
the message is forwarded to' the destination. This method may
also be referred to as message switching. In some
applications the 1length of the transmissions handled is
limited by breaking up long messages into packets and thus
is generally referred to as packet switching.

As is also known, local area networks generally have a
set of rules for communicating between nodes generally
referred to as a network protocol. In formulating the
protocols, the network nodes are generally assumed to have
an infinite energy supply and the protocols fail to minimize
the number of retransmissions which occur in the network.
Furthermore, the round trip propagation time between nodes
is generally not a concern in such local area networks.
Thus, network protocols are generally formulated to maximize
network throughput and minimize expected delay.

In some applications however it may be desirable to have
packet transmissions which are power efficient and which
minimize the number of retransmissions in a network. This
is particularly true in those applications where the network
nodes may be provided having non-replaceable non-
rechargeable power supplies.

As is also known, one problem in multiuser-multichannel
communications systems is detection and demodulation, at a
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single receiver, of data packets which originate from several
asynchronous, co-channel transmitters. One problem with such
systems is that "collisions" between data packets may occur.
It is desirable to have the receiver resolve these collisions
without requesting packet retransmission from the
transmitters. |

Multiuser sample-and-holds have been used in multiple-
access channels in which several asynchronous interferers
produce a modest to a high degree of multiple-access
interference (MAI). In a multiuser communication systen,
typically N users access a common transmission channel. Each
user linearly modulates a unit energy signature waveform
s,(t) by a sequence of information bits b, (i). The receiver
receives an aggregate signal and noise which may typically
be described as white Gaussian noise.

It would thus be desirable to provide a multiuser
receiver which can estimate the data sequence of each user

based on a knowledge of the signature waveforms, the symbol

alphabets and an interval observation of a received

signal r(t).

SUMMARY OF THE INVENTION

In accordance with the present invention, a multiuser
receiver for use in additive white Gaussian noise, multiple-
access communication channels includes an interference
estimator which estimates multiple-access interference
signals using a variable weighting provided by a soft
decision processor. The interference estimator may receive
signals from matched-filter/sample-~and-hold circuits,
decorrelator circuits, or Sliding—window-decqrrelator
circuits. The soft decision processor is provided having a
soft-decision nonlinearity characteristic, which may
correspond to a multilevel quantizer characteristic, a dead-
zone nonlinearity characteristic, or a 1linear clipper
characteristic. The receiver maybe used in any type of
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communication channel including the underwater local area
network described herein.

In accordance a further aspect of the present inventioh,
an underwater 1local area network for oceanographic
observation and data acquisition includes a plurality of
sensors each of the sensors having an acoustic modem and a
receiver, a common receiver in communication with each of a
plurality of sensors, a mooring and a mooring network
controller disposed in the mooring. With this particular
arrangement a distributed underwater local area network which
can forward a particular telemetry packet through several
network nodes before finally reaching a destination is
provided. The network nodes establish virtual circuits by
defining node sequences used to root a particular packet.
The virtual circuits may be adaptively defined depending on
current node configuration, environmental considerations, and
other network traffic. The protocol for the underwater local
area network establishes a two-way virtual circuit from each
modem wishing to communicate to a destination. The network
protocol adaptively establishes, maintains and terminates
virtual circuits. Each of the virtual circuits includes a
set of ordered store-and-forward nodes from the source to the
destination. The virtual circuits are initiated and
terminated by the source and are maintained until the source
disconnects or data throughput decreases past that threshold
which indicates overload on some part of the virtual circuit.
When throughput decreases the virtual circuit is shut down
and a new routing list may be established.

In accordance with a still further aspect of the present
invention an underwater local area network includes a central
node coupled to a surface buoy. The central node includes
an area telemetry 1ink, an acoustic modem and a network
controller. A plurality of sensor stations, each having an
acoustic modem, transmit and receive signals to and from the

central node. With this particular arrangement, an

underwater local area network which uses a so-called single
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hop protocol is provided. 1In the single hop protocol, each
of the sensor stations asynchronously transmit signals
directly to the controller node. The controller node
receiver may be provided having a joint channel/data
estimator capable of estimating and tracking required channel
parameters. This is particularly important in underwater
acoustic local area networks where asynchronous subsurface
transmitters may need to telemeter data ashore via the
central acoustic node. The protocol is based on resolving
contending asynchronous channel access requests from the
subsurface sensor stations in the central node. Each of the
modems disposed in the sensor stations may operate in a
standby or idle mode until the station initiates a
transmission process by transmitting a reservation request
to the central node through a common request channel. To

‘access the central node modem through the request channel,

the station modems asynchronously transmit a signal
corresponding to a reservation request signal. The
reservation request signal requests the central node to
provide a reservation time during which the sensor station
may transmit a predetermined number of data packets of a
predetermined length to the central node. Since channel
sensing is not employed by the sensor station modems, there
is a possibility that request packets may collide on the
request channel. Thus, a request channel receiver provides
the underwater acoustic local area network having a collision
resolving capability. Each sensor station modem monitors a
downlink frequency on which a signal corresponding to an
acknowledgement packet signal provides the modem
identification code in the appropriate data channel. After
receipt of the acknowledgement signal, the sensor modem
immediately transmits a data packet on the assigned data
channel. A network scheduler identifies an available slot
for the requested data packet transmission based on network

transmission characteristics including but not limited to the

round trip propagation time between the particular sensor



10

15

20

25

30

35

WO 94/10629

PCT/US93/10272

-6 -

station requesting access and the central node, the current
transmission schedule and the like. The network scheduler
expects to receive the data packets following a duration of
time equal to the computed propagation delay added to a fixed
processing time. Requests are scheduled sequentially and a
data channel on which the data will be transmitted from the
sensor modem to the central node is selected for each request
based on factors including but not limited to the distance
between the sensor modem and the central node, current
channel delay estimates in order to minimize the packet delay
and the like. Thus, upon receipt of the request data
packets, the central node including the request channel
receiver attempts to resolve request data packet collisions,
schedules the data packet requests on one of the available
data channels and notifies the sensor station moden
corresponding to each particular data packet of its
reservation one round trip propagation time before the
expected data packet reception. If the sensor modem does not
receive an acknowledgement packet within a first
predetermined amount of time, then the sensor modem assumes
a collision on the request channel has occurred, waits a
second predetermined amount of time and repeats the request
process. If the receiver in the central node does not
receive data at the appropriate time, the central node
reinitiates the scheduling and acknowledgement process for
the particular modem whose data was not received.

BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing features of this invention as well as the
invention itself may be more fully understood from the
following detailed description in which:
FIG. 1 is a diagrammatical representation of one
embodiment of an underwater acoustic local area network;
FIG. 2 is a diagrammatical representation of an acoustic

network node;
FIG. 3 is a block diagram of a modem architecture;
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FIG. 4 is a block diagram of a request channel receiver;

FIG. 5 is a diagrammatical circuit of a virtual circuit;

FIG. 6 is a flow diagram of the processing steps
performed in a network node;

FIG. 7 is a flow diagram of the processing steps -
performed in a network node;

FIG. 8 is a flow diagram of the processing steps
performed in a network node;

FIG. 9 1is a diagrammatical representation of an
underwater local area network deployed in deep water;

‘ FIG. 10 is a block diagram of the central node

electronics;

FIGS. 11 and 11A are a series of flow diagrams of the
processing steps performed’'in a network node;

FIG. 12 is a flow diagram of the processing steps
performed in a network node;

FIG. 13 is a diagrammatical representation of a request
data packet;

FIG. 14 is a plot of frequency versus time showing data
transmission in the system of Fig. 9;

FIG. 15 is a block diagram of a soft decision two stage
detector using matched filter output signal statistics;

FIG. 16 is a plot of a soft decision processor piece
wise step characteristic;

FIG. 16A is a plot of a soft decision processor linear
clipper characteristic;

FIG. 17 is a block diagram of a three stage detector
receiver using matched filter output signal statistics;

FIG. 18 is a block diagram of a receiver having a
plurality of stages;

FIG. 19 is a block diagram of a receiver having a
plurality of channels;

FIG. 20 is a plot of the asymptotic multiuser efficiency
(AME) for two asychronous users vs. relative energy of an
interferer for two stage detectors using matched filter

decision statistics;
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FIG. 21 is a plot of the asymptotic multiuser efficiency

'(AME) for two asychronous users vs. relative energy of an

interferer for two stage detectors using conventional and
infinite horizon decorrelated tentative decision statistics;

FIG. 22 is a plot of the asymptotic multiuser efficiency
(AME) for soft decision two stage detectors having identical
dead =zone limiters via L-shot decorrelated tentative
decisions;
' FIG. 23 is a plot of the asymptotic multiuser efficiency
(AME) for soft decision M-stage detectors using a suboptimal
dead zone limiter via conventional and infinite horizon
decorrelated tentative decisions; and

FIG. 24 is a plot of the symbol error probability for
a two stage detector using' a hard limiter, an optimal dead
zone limiter, an optimal linear clipper via conventional
tentative decision statistics and for conventional and

optimal isolated single user detectors.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to Fig. 1, an underwater acoustic local
area network (ALAN) 10, here shown deployed in a shallow
water environment, includes a plurality of network nodes l4a-
14g generally denoted 14, each of the nodes adapted for
transmitting and receiving acoustic signals. It should be
noted that the so-called shallow water environment is here
distinguished from a so-called deep water environment by the
transmission characteristics of a communication channel in
the water environment. Deep water is defined to be that
depth of water in which the communication channel is provided
having a substantially ideal impulse response (i.e. no rapid
amplitude or phase variations with respect to time).

A home station 12 includes a surface buoy 13 having
disposed therein an RF transmitter 12a and a home station
modem 12b having a unique identification code. The RF‘
transmitter 12a transmits data fed thereto from thevhome
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station modem 12b to a distant shore based user 18 for
example. The home station 12 is coupled to the first end of
a line 20 having a second end coupled to an anchor 22. The
network nodes 14 will be described further in conjunction
with FIG. 2 below. Suffice it here to say that each network
node 14 has a unique identification code which enables each
of the nodes 14 to identify and communicate with each other.
Each of the network nodes 14 are also adapted to maintain a
real time measure of environmental conditions. Furthermore
each of the nodes 14 are capable of adaptively routing
messages between each of the several the several nodes 14 to
the home station 12.

A plurality of sensor stations 16a-16c generally
denoted 16, each provided having coupled thereto a sensor
(not shown) and an acoustic modem (not shown) are disposed
in a region about the ALAN system 10. Sensor stations 16a
and 16c are tethered via a line 21 to an anchor 22 and thus

held in a substantially fixed location. A flotation
device 24 maintains the sensor stations 16a, 16c in a
predetermined position. The sensor station 16b is here

disposed on a so-called untethered underwater roving
vehicle 23 (UUV) which may travel thrbughout the region in
which the ALAN system 10 is disposed. Here, the vehicle 23
is unmanned, alternatively the vehicle may be a manned
vehicle or may be a marine animal or inhabitant of the water
environment in which the ALAn system is deployed.

As will be described further in conjunction with FIG. 4
below, when the underwater acoustic local area network 10 is
disposed in a shallow water environment, the network may
utilize a so-called multi-hop protocol in which signals may
be transmitted from one of the plurality of sensor
stations 16 to a first one of the plurality of network
nodes 14 and subsequently to a destination such as the home
station 12 for example.

In general overview, the underwater 1local area

network 10 is provided having a communication protocol



10

15

20

25

30

35

WO 94/10629

PCT/US93/10272

- 10 -

selected to support multiuser communication while minimizing
the degradation of single user communication rates and
throughput. Shallow water acoustic channels are generally
prone to localized jamming, e.g., from passing traffic and
spatially dependent ambient noise. Thus, the communication
protocol of the ALAN system 10 is specifically to accommodate
such characteristics.

Each of the network nodes 14 adaptively monitors the
characteristics of each communication channel and maintains
a real time measure of environmental conditions. Furthermore
each of the network nodes 14 are capable of adaptively
routing messages through a selected one of a plurality of
communication paths. Such a selection may be made for
example according to the transmission characteristics of the
communication channels at a particular point in time.

For example, when a ship is transiting the area in which
the ALAN system 10 operates causing a high noise region,

network communications may automatically be routed to

communication paths which avoid the high noise region near
the vessel. Also if a particular one of the nodes 14a-14g
fails, the adjacent or neighboring network nodes may
determine the node failure and communication signals may be
rerouted onto communication paths which avoid the failed
node. Furthermore, the RF transmitter 12a disposed in the
home station 12 may transmit a message to the shore based
observer 18 who may thus be notified of a potential
throughput bottleneck.

Moreover, the network nodes 14 may operate in both a
stand by power conservation mode or a power up mode. In the
stand by mode, the node 14 consumes a minimum amount of
energy and operates primarily as a receiver. In the power
up mode however, the node may transmit signals, receive
signals and process signals. Thus, the amount of power
consumed in each of the nodes 14 may be adaptively adjusted
to optimize data throughput and minimize the amount of energy

used in each of the nodes 14.
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As will be described further below in conjunction with
FIG. 4, the network nodes 14 may receive transmissions from
the sensor stations 16, for example, and adaptively form a
virtual circuit along which communication and data signals
may be transmitted from a particular one of the sensor
stations 16 to the home station 12. The signals may be
transmitted from a particular one of the sensor stations 16
to the home station 12 on any one of a plurality of signal
paths. A particular signal path may be selected based on a
variety of factors including but not limited to the present
characteristics of the communication channels.

Referring now to Fig. 2, taking the acoustic network
node 1l4a as representative of the nodes 14b-14g, the node 1l4a
includes a flotation device 24 coupled to the first end of
the line 21. The second end of the line is coupled to the

‘anchor 22. A modem 26 is disposed in a housing 28 which is

coupled to the line 21. As will be described further in
conjunction with FIG. 3 below, the modem 28 includes, inter
alia, a transmit transducer 30, a receive transducer 32, and
a power source 34 which may be provided as a battery for
example. The transducers 30, 32 are each provided having
transmit and receive acoustic patterns which are
substantially omnidirectional.

Referring now to Fig. 3, the receive transducer 32 of
the modem 26 is coupled to an analog signal conditioning
circuit 38 which feeds a signal to a receiver processor 40.
The receiver processor includes, inter alia, a request
channel receiver which will be described in conjunction with
FIG. 4 below. The receiver processor 40 is coupled to a node
controller processor 42 which is in turn coupled to transmit
and receive transducers 30 and 32 respectively.

Referring now to Fig. 4, a receiver 50 simultaneously
receives, on the requeét channel, request data packets in the
form of BPSK input signals from a plurality of users 52a-52N
and noise signals n(f) through a front end receiver 54.
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Referring briefly to FIG. 4A, a request data packet at
least includes a universal packet header portion, a packet
identification number portion and a data portion. The
universal packet header may be used to identify the presence
of a packet within a plurality of collided packets and the
packet identification portion may be provided as a tone
sequence which may be used to identify the source of the
request data packet.

Referring again to FIG. 4, the receiver output is fed
to a plurality of matched filter circuits 56a-56n, generally
denoted 56, as is generally known. The filtered signals are
fed from each of the matched filters 56a-56N through a
corresponding one of the detectors 58a-58N and are
subsequently coupled to a request channel receiver 60. In
the request channel receiver 60, the signals are coupled to
a first input 62a of a summing circuit 62. The signals are
also coupled to a soft decision circuit which makes so-called
soft decisions according to the data fed thereto. An
interference estimator 66 receives a first input signal from
the soft decision circuit 64 and a second input signal from
a channel estimator 68. The channel estimator 68 provides
an estimate of the characteristics of each channel based on
a variety of factors including but not limited the phase,
doppler shift, amplitude and timing of signals received from
each user. It should be noted that if there is significant
channel distortion, the matched filter/ symbol rate sampler
may be replaced by a high rate sampler.

The interference estimator 66 combines the two input
signals and provides a signal corresponding to an estimate
of the interference on each of the communication channels
utilized by the users 52. The interference estimator 66
feeds an estimate of the interference signal to an input
port 62b of the summing circuit 62. The summing circuit 62
subtracts the interference estimate provided on the input
port 62b from the signal provided on the input port 62a to
thus provide an output signal Z(j). The summing circuit
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output signal Z(j) is fed to a final decision processor 70
which further processes the signals and feeds a final output
signal b(j) to an output port of the receiver 50. The
processor 70 also feeds the signal to the channel
estimator 68 which may use such the signal to update the
estimate of the characteristics of each channel. Thus, the
request channel receiver 60 makes soft decisions and
adaptively updates the data upon which both hard and soft
decisions are made to resolve collisions between data packets
and thus minimize the number of required retransmissions from
each of the sensor stations 16.

Referring now to Fig. 5, a network 10’ is shown having
a plurality of virtual circuits 15a, 15b established by the
network nodes 14a’-14e’. The virtual circuits 15a, 15b are

established by defining node sequences used to route a

particular data packet from a source such as one of the

sensor stations 16a’, 16b’ to a final destination such as the
home station 12’. The virtual circuits 15a, 15b may be
adaptively defined depending on network characteristics such
as but not limited to a particular node configuration (i.e
the physical location of each node 14’) at a particular point
in time, environmental conditions and the amount of
information being transmitted in the network 10’.

Each of the virtual circuits 15a, 15b are comprised of
a set of ordered store-and-forward nodes 1l4a’-14b’ from a
source, sensor station 16a’ for example to a destination,
home station 12 for example. As will be described further
below, the wvirtual circuits 15a, 15b are initiated and
terminated by the source and are maintained until the source
disconnects or data throughput decreases past the threshold,
which indicates overload on some part of the virtual circuit.
When the throughput decreases, the virtual circuit is shut
down and a new routing is established. Thus, the underwater
acoustic local area network 10’ adaptively provides virtual
circuits to connect sources and destinations.
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The protocol for telemetry establishes a two-way virtual
circuit from each one of the network nodes 14a’-14e’ wishing
to communicate to its destination. The network protocol
centers around adaptively establishing, maintaining and
terminating virtual circuits.

It should be noted that the network nodes 14’ may be
deployed to provide a random network topology. That is, when
the network nodes 14’ are first deployed they may be
physically distributed in random 1locations throughout a
predetermined region. Thus, each network node 14’ must
locate and identify any neighboring network nodes 14‘.

To implement the protocol, the acoustic bandwidth of the
underwater acoustic local area network 10/, is divided into
a single control <channel and a plurality of data
communication channels. The control channel may be used to
maintain the virtual circuit, while data packets are
transmitted and received on the dedicated data channels. The
data channels may occupy a frequency bandwidth typically of
about 5-10 kilohertz while the control channels may occupy
a frequency bandwidth typically of about one kilohertz.

In FIG. 5 for example, the pair of stations 16a’, 16b’
each wish to transmit data to the home station 12’. The
first virtual circuit 15a formed by network nodes 14a’, 14b’
and 14c’, would be selected for the station 16b’ in order»to
avoid potential conflicts with the station 16a’.
Station 16a’ may make an adaptive decision on whether its
data should be transmitted directly to the node 14a’ or
repeated by the intermediate node 14e’. The network 10’
maximizes the number of simultaneous virtual circuits subject
to current environmental conditions and network topography.

FIG. 6 shows a flow diagram of the processing performed

in the ,
processors of the modems upon deployment of the ALAN
system 10. In the flow diagram, the rectangular shaped

elements (typified by element 76) herein denoted "processing
blocks" represent processor instructions or groups of
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instructions. The diamond shaped elements (typified by
element 86 - FIG. 7) herein denoted "decision blocks"
represent processor instructions or groups of instructions
which affect the execution of the computer software
instructions represented by the processing blocks. The flow
diagram does not depict syntax or any particular processor
programming language. Rather, the flow diagram illustrates
the functional information one skilled in the art requires
to generate processor instructions to perform the processing
required of the modems. It should be noted that many routine
program elements such as initialization of loops and
variables and the use of temporary variables are not shown.

Each of the nodes 14 of the ALAN system 10 are deployed
and are programmed to perform a calibration/initialization
procedure in a predetermined sequence. Thus, as shown in
processing block 76 a first one of the plurality of network
nodes, node 1l4a for example, transmits a loopback data packet
to particular, predetermined node, node 14b for example. The
node 1l4a then receives a signal back from node 14b and
computes the distance, signal propagation time, etc... to the
node 14b. The node 14 a repeats this process with each
node 14 in the network 10. The node 14a also may transmit
a signal to node 14b with instructions for the node 14b to
forward the signal to node 1l4c. Node 1l4c then sends the
signals back to node 14a. Thus, as shown in processing
block 78 the node 1l4a may compute the distances between other
nodes and perform a triangulation computation to determine
node positions relative to the homes station 12. After
node l1l4a completes this process, the node l4a generates a
successor list table and stores the table in a modem memory
as shown in processing block 80. The successor list is a
list of proximalynodes_which may serve as successors to that

particular node.
In processor block 82, the node 14 then operates in a

standby or idle mode. Each node in the network 10 performs

these process steps to generate a corresponding successor
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list. The idler routine maintains predetermined power levels
in the modem and periodically causes the modem to update its
successor list. The successor list table is preferably
adaptively updated to account for changing environmental
conditions and to incorporate changes in network node
topology. The order of each entry in the successor list
table is selected according to but not limited to factors
such as internode delay time, direction, transmission loss,
channel stability and other environmental information.

It is critical for rapid establishment of virtual
circuits that the current status of each successor be known
at a given node at a predetermined point in time. Each of
the nodes 14 may obtain this information by monitoring signal
transmissions on the control channel. However, it may
sometimes be necessary for a node to explicitly interrogate

a particular successor node if the node has received no

recent transmissions. This is particularly true if the
successor node has failed or if there fails to be an acoustic
channel between two nodes.

Each node in the wvirtual circuit may monitor the
performance of the link to its successor and terminate the
link should the performance deteriorate below a predetermined
level. Thus the node processors may compute performance
based on factors including but not 1limited to data
throughput, required povwer, and/or the volume of
transmissions on a predetermined channel.

Turning now to FIG. 7 the processing steps performed in
the node processors to establish a virtual circuit are shown.
As shown in processing block 84, a source such as one of the
sensor stations 16 initiates the virtual circuit by
transmitting a global wake up request through the control
channel and all nodes within range may respond to the global
wake up request. Each of the nodes responds on the
particular data channel specified by the source. Only those
nodes which are available and which have available successors
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respond to this request and power down immediately
thereafter.

The source receives response signals from each node
which responds to the global wake up request signal. As
shown in decision block 88, if the source is unable to
identify the first responding node from a plurality of
responding nodes 14 the source again transmits a global wake
up request signal.

In processing block 90, if the source identifies the
first responding node the source wakes up the first
responding node on the control channel by transmitting to
that particular node a data packet containing the virtual
circuit identification code, the source identification code,
the node identification code and the received frequency band.

As shown in processing block 92, the source station or
node which transmitted the global wake up request then waits
for the access node to transmit a signal. If the source
receives a signals form the access node then the link between
the two nodes is established.

Referring now to FIG. 8 a set of processing steps in

‘response to the processing steps performed in FIG. 7 are

performed by those nodes which did not transmit the global
wake up request. Thus as shown in processing blocks 98
and 100 the node receives and responds to a global wake up
request. 1In processing block 102 the node waits for a wake
up call. »

Decision block 106 implements a loop in which if the
node fails to receive a wake up call in a predetermined
amount of time then as shown in processing block 108 the node
initiates a termination procedure.

If the node receives a wake up call, then this node
recognizes from the source identification code that it is the
first or access node for that particular virtual circuit.
In processing block 110, the node identifies its successor
node by referring to its successor node 1list and seﬁds a
wake-up signal to the successor node. The node thus serves
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as both an access node and a source node. That is, the node
is an access node to the source and the node is also a source

to another access node.

In processing block 112 the node transmits, on a control
channel, a wake-up signal corresponding to a control channel
data packet similar in structure to the wake-up signal
mentioned above to its successor node on. The source which
initiated the virtual circuit also receives this data packet
since the control channel is monitored by every network node
and station. Thus each node in the virtual circuit may
confirm that an access node has been established.

The access node then scans its node activity list and
wakes up its successor node in a similar fashion. Each
successor wake-up data packet provides information to the
nodes predecessor and successor, the former knowing that the
intended node is connected to the virtual circuit. At the
end of this procedure, each node is ready to forward the
subsequent data packets.

Each virtual circuit has for each data symbol a unique
signature sequence as well as a unique pattern of data
channel frequencies. Thus, if a node is requested to become
a part of a virtual circuit, a virtual circuit identification
code and a particular receive channel is provided to the
node. The node may therefore determine the transmit
frequency and the transit frequency of the downstream node.

The source selects the initial data channel and the
access node uses this in the virtual circuit identifier to
determine the channel to its successor node. Each successor
node receives the virtual circuit identifier as well as the
current data channel and determines the next frequency link.
Successor transmissions serve as acknowledgement signals and
identify that portion of the previous data packet which was
not understood. |

It should be noted that this knowledge is acquired
without interrupting the flow of information from the source
to the destination since the packet structure allows for a
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transmission of erasures in a compact fashion. Each virtual
circuit is assigned a unique frequency sequence in order to
minimize the effect of co-channel collisions on proximal
portions of two virtual circuits.

Based on the measured throughput of the first 1link, a
source may determine whether to continue transmission on a
current virtual circuit or to terminate transmission. A
virtual circuit is terminated by the source by ceasing
transmission on the current link frequency. At this time the
source may initiate contention for a new virtual circuit or
may leave the network altogether. All further responsibility
for terminating the virtual circuit is assumed by the access
node, which begins the termination process when an idle
period exceeds a predetermined threshold.

The access node may then transmit a special termination
packet to its successor node, notify the other nodes that it
is available through the control channel and then power down.
Each successor node then repeats the process. The
destination eventually receives the termination packet and
realizes that the source has terminated the current virtual
circuit. Thus the virtual circuit is terminated.

Referring now to Fig. 9, an underwater acoustic local
area network 130, here shown disposed in a deep water
environment, includes a surface buoy 132 disposed on a
surface of the water environment and a collision resolving
central node 134. The surface buoy has disposed therein an
RF telemetry link to communicate with a land based user for
example. The central node 132 includes an acoustic modem,
a network controller and an acoustic hydrophone.

The system 130 further includes a plurality of sensor
stations 136a-136e, generally denoted 136. Each of the
sensor stations is disposed below a surface of the water and
have disposed therein a sensor 138, an acoustic modem 140 and
a recorder 141. The sensors 138 may be provided as an ocean
bottom seismometer, a thermistor chain, a current heter
array, an acoustic doppler current profiler, an imaging
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system or the like. Here each of the sensors 138 are
provided as fixed near bottom sensors. It should be noted
however that the sensors and modems may also be disposed on
a UUV as described herein above in conjunction with FIG. 1.

Each of the sensor stations 136 also includes an

-asynchronous transmitter. In the system 10, a single hop

protocol allows efficient communication between each of the

“near bottom sensor stations 136 and the central node 132.

The protocol also minimizes idle time due to propagation
delays and provides high energy efficiency at the sensor
stations. The protocol is based on asynchronous channel
access requests from the subsurface sensors 136 and the
collision resolving central node 132.

Referring now to Fig. 10, the collision resolving
central node includes an acoustic modem 138 coupled to a
network controller 140. The acoustic modem includes a
request a channel receiver which may be similar to the

request channel receiver 60 described above in conjunction

with FIG. 4. The network controller 140 is also coupled to
a mass storage device 142. The network controller 140 may
feed data to a VHF line of sight telemetry circuit 144 and
a satellite RF telemetry circuit 146 for transmission to a
shore based user for example as is generally known.

Referring now to Figs. 11-12 a pair of flow diagrams
showing the processing steps to communicate between the
central node 123 and the stations 136 are shown.

As shown in processing block 180 (FIG. 12), the
stations 136 operate in a standby mode until, as shown in
processing block 182, one of the stations 136 initiates the
transmission process by asking for a reservation through the
common request channel.

Referring briefly to FIG. 13, a reservation request
packet is shown to be preceded by a wake up signal tone 192
which alerts the central node 134 that a signal from one of
the stations will shortly be received. Thus, the central
node may switch from its standby mode to a power up mode.
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The wake up signal tone is folldwed by a data packet similar
to the data packet described below in conjunction with
FIG. 4A.

Referring again to FIGS. 11-12 each of the modems access
the request channel asynchronously, simply asking for a
reservation to transmit a certain number of data packets.
Since channel sensing is not employed by the sensors, the -
possibility of packet collisions exists on this request
channel.

Referring now to FIG. 11, in processing step 152, the
central node receives the reservation request from the sensor
station modem. In decision block 154 the central processors
determine if requests form multiple sensor station modems
have been received. If multiple requests have been received,
then as shown in processing block 156 any request packet
collisions are resolved using a decorrelation technique

- similar to the technique described below in conjunction with

FIG. 4 below.

In processing block 158, the central node processor
identifies available data channels and in processing
block 160 the central node processor identifies an optimum
available slot for transmission on a particular data channel.
As shown ih processing block 162 the central node 134 then
transmits . an acknowledgement packet to each moden. In
response to receiving this acknowledgment packet the sensor
station 136 immediately transmits its data packet to the
control node 134.

In processing blocks 166, 167 the central node processor
updates its estimation of round trip propagation time and
decodes the received data packet.

In decision block 168 a decision is made as to whether
the data packet is corrupt. If the data packet is not
corrupt, the central node returns to the standby node as
shown in processing block 178. _

If the data is corrupt, processing block 170 and
decision block 172 implement a loop in which a search for the
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most 1likely packet is implemented. Then as shown in
processing block 174 the central node transmits an
acknowledgment packet to the modem form which the corrupt
data packet was received.

Referring now to Fig. 14, a plurality of requests 202a-
202d have been made sequentially by four different sensor
station modems 1 - 4 (not. shown). Here, a collision of
request packets 202b, 202c has occurred. Each modem monitors
a separate, common downlink for an acknowledgment packet,
which provides the modem identifier and the appropriate data
channel. After receipt of the acknowledgment 204a-204d the
modem transmits immediately on the assigned data channel.
In Fig. 13 the acknowledgment packets 202a-204d are
transmitted sequentially to'modems 1, 2, 4 and 3 (not shown).
Timing is important in this portion of the process, since the
network scheduler has used the round-trip propagation time
and the current transmission schedule to find an available
slot for the requested transmission, and is expecting the
data packets following a duration equal to his propagation
delay (plus some fixed processing time). In this particular
example, the order of the acknowledgment packets 204a-204d
for modems 3 and 4 is reversed from the order of the request
packets 202a-202d since modem 4 is more distant than modem 3.
Requests are scheduled sequentially, and a data channel is
selected based on modem range and present characteristics of
the channel estimates in order to minimize the packet delay.
If the modem does not receive an acknowledgment packet within
a fixed amount of time, then it assumes a collision on the
request channel, waits random amount of time, and repeats the
request process. If the surface receiver does not receive
data at the appropriate time, it reinitiates the scheduling
and acknowledgment processes for modem.

Upon reception of the request packets, the surface
receiver attempts to resolve request packet collisions,
schedules the requests on one of the available data channels,
and notifies each packet of their reservation one round-trip
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propagation time before the expected data packet reception.
Request packets are very short (typically of about 100 bits)
and will be transmitted once per transmit session, not for
each data packet. Therefore the probability of request
packet overlap will be small, and the additional processing
burden can be met with modest processing hardware, using the
presented algorithm.

It will now become apparent to one of skill in the art
that other embodiments incorporating these concepts may be
used. For example, the acoustic recorders disposed in the
ALAN modems may be provided as high quality acoustic
recorders and may be useful to record ambient noises and
events. Thus the ALAN system may be used as a wide-aperture
acoustic array for beamforming and source localization.

This wide aperture acoustic array feature may be

particularly useful for example to monitor and track acoustic

events, including but not limited to, seismic disturbances
and marine mammal vocalizations. Each of the modems in the
ALAN system may be programmed by the network controller to
record ambient acoustic noise. The 1location of each
modem/recorder is known apriori, as it is computed during the
network initialization procedure. However, recorders record
data asynchronously and thus must be synchronized prior to
beamforming and source localization.

This may be accomplished, for example, by transmitting
reference waveforms from known locations during the recording
interval. The locations of the reference transmitters and
the modems are Kknown. The resultant delay distributions
between the known transmit locations and the known sensor
positions may be compared and thus the acoustic recordings
may be resynchronized.

Referring now to FIG. 15, a two channel receiver 210
includes a pair of matched filter circuits 202a, 202b, each
having an input port coupled to receive an input signal r(t).
Matched filters 202a, 202b each have an output port coupled
to an input port of corresponding sample-and-holds 204a,
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204b. Output ports of sample-and-hold 204a, 204b are each
coupled input ports of like interference estimators 206a,
206b, generally denoted 206. Thus, interference estimators
each receive a pair of matched filter output signals y,(j),
Y2(3) - »

Each interference estimator 206a, 206b processes signals
fed thereto to compute channel estimates and provide at an
output port thereof an interference estimate generally
denoted I. Thus, interference estimator 206a provides an
interference estimate I,, which corresponds to an interference
estimate for user 1 (i.e. channel 1) on the signal of user 2.
Similarly, interference estimator 206b provides an
interference estimate I, which corresponds to an interference
estimate for user 2 (i.e. channel 2) on the signal of user 1.

To minimize interference on a particular channel, the
interference estimates are subtracted from the appropriate
channels. Thus, to minimize the interference on channel 1,
the interference estimate I, corresponding to the
interference estimate for user 2 on the signal of user 1
provided at the output port of interference estimator 206b
is coupled to a difference input port 215a of a summation
circuit 216a disposed in channel 1.

The matched filter output signal y; in channel 1 is
coupled to the summing input port 217a of summation
circuit 216a. The summation circuit 216a thus subtracts the
value of the interference estimate I,, from the value of
signal y, to provides at an output port thereof an output
signal z,(j).

Similarly, to minimize the interference on channel 2,
the interference estimate output I,, of interference
estimator 206a is coupled to a difference input port of a
summation circuit 216b disposed in channel 2. Matched filter
signal y, in channel 2 is coupled through a delay circuit 220
to the summing input port of summation circuit 216b. The
summation circuit 216b thus subtracts the value of the
interference estimate I,, from the value of the matched filter
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output signal y, to provide at an output port thereof an
output signal z,(j). Thus, in the present invention,
receiver 210 cancels interference for each receiver channel.

Output signals z;,, 2z, are fed to the input port of a
corresponding final decision processors 218a, 218b. Final
decision processors make so-called hard decisions based upon
the value of the signals z;, 2z, fed thereto.

Taking interference estimator 206a as represented of
interference estimator 206b, interference estimator 206a
includes a soft-decision processor 208a having an input port
coupled to receive the matched filter output signal x,(j).
The output of soft-decision processor 208a is coupled to an
input port of a delay unit 210a and to the input port of an
interference signal summation circuit 214a. The output port
of delay unit 210a is also coupled to an input port of
interference signal summation circuit 214a.

Interference signal summation circuit 214a receives the
signals fed thereto and generates a linear combination of the
channel estimates. Thus circuit 214a receives the tentative
decisions fed thereto from processor 208 and provides a
weighing value to each of the decisions. The weighing values
are provided by the channel estimator 212a.

Here, matched filter outputs are used to make soft
decisions. Those of ordinary skill in the art will recognize
of course that decorrelated tentative decision statistics may
also be used. That is the matched filter outputs may be fed
through a linear operator device which provides decorrelated
signals which are then coupled to the input ports of the
interference estimators 206. ,

As will be described further in conjunction with
FIGS. 16 and 16A below, processor 208a includes a region of
uncertainty for which ho commitment‘is made to fixed values
such as -1, 0 or 1. Rather, processor 208 may weight a
signal with any value between -1 and 1. Thus based on the
value of the signal fed to processor 208a, the output of
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processor 208a and thus of interference estimator 206a will
be correspondingly adjusted.

A channel estimator 212a receives periodically updated
matched filter input signals y,, y, from sample-and-hold
circuits 204a, 204b. The output of channel estimator 212a
is also coupled to the interference summation circuit 214 to
thus provide periodically updated channel estimates thereto.

Soft decision processors 208a, 208b may each be provided
having different characteristics. The particular
characteristic of each processor at any one point in time
will be a function of the channel estimates fed thereto.

Interference estimator 206 collects signals from the
output of sample-and-hold circuit 204 which correspond to
matched filter output signdls y,(0) expressed in Equation 1
below:

y, (0) = Jwb, (0) + I,(B;(0)) + n,(0)
in which I(B(0)) corresponds to the multiple access

interference (MAI) term for symbol b, (0) and may be

expressed as:
I, (B (0)) = 2_11{:2 \/W.: [bi(‘l)Pu"‘ b;(0) P

The MAI term is a linear combination of partial cross-
correlations between s;(t) and all overlapping waveforms.

The normalized cross-correlations may be expressed as:

= fsl(t_Tl)Si(t—Ti) dt, pil = f Sl(t“El)Sl(t + T—T.i) dt,Vi = 2"'K

Py = el Py= eyl

Thus interference estimator 206 receives the matched
filter output signals y,(0) and subtracts off a soft estimate
of the term corresponding to the multiple access interference
term (MAI) providéd by Equation 2. Thus, as shown in
Equation 3, the result after subtraction is a signal z,(j)
having three signal components.

Z,(0) =b,(0)w, + I,,(g (0)) + n,(0)

in which
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€ (9) = B, (0) - gl (0)
where B, (0) represents the actual underlying symbols and gl
(0) represents soft estimates thereof.

In Equation 3, the first signal component b, (0)w,
corresponds to the desired signal, the second signal
component I,, (€; (0) = I, (B; (0)) - I, ( B, (0)) corresponds
to residual interference and the third signal component n,(0)
corresponds to noise.

In some instances, closed form expressions may be used
for the criteria which is being optimized. The AME may be
interpreted as an expression corresponding to the fraction
of energy for a particular channel left over the interference
suppression. Thus, the AME corresponds to zero when no
energy remains and consequently no signal can be detected.

When the relative energy of user 2 to user 1 is
typically in the range of about .4 to .8, hard decision
interference cancellor receivers generally make poor
decisions concerning the interference estimates and thus in
this intermediate range may doubie the interference rather
than decreasing the interference.

In the present approach however, by weighting the
interference estimate via the interference processor 208, the
receiver 210 of the present invention may provide an AME
which is uniformly equal to or better than the AME of a hard
decision detector of the prior art.

As described above, the soft-decision 2-stage detectors
may be provided having a dead-zone 1limiter or a linear
clipper characteristic. Such soft decision two stage
detectors may be operated as conventional single-user
detectors by selecting 6§ = w, Alternatively the soft
decision two stage detector may also be operated as a hard-
decision detector by selecting 6§, = 0.

More importantly, however, there exists optimal
strategies in both match filter and decorrelator classes.
That is, it is possible to select values for §, for which

optimal receiver performance may be provided. Using the AME
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as a figure of merit, such optimal structures provide
superior performance when compared with conventional or
decorrelating approaches. This optimal strategy is to choose
§, corresponding to a §,, given the channel parameters to
maximize the AME for the desired user (e.g. user 1).
However, the general relation between §,, and channel
parameters is relatively difficult to obtain. Thus it would
be desirable to choose suboptimal §,s to achieve satisfactory
AMEs with easily computable forms.

Due to time 1limitations available to perform the
necessary computations, it is not desirable to update
tentative decisions of strong users for weak interference and
in fact the conventional single-user detector may provide
satisfactory performance. ' Thus, in this case, §, may be
selected to correspond to a value large enough to ignore the
tentative decisions. On the other hand, since the relatively
strong interfering signals are readily estimated in the first
stage and subtracted from the final decision statistic, the
hard-decision 2—stage detector can do as nearly well as its
soft-decision counterpart and thus we simply set §, very
small. Empirically, Equation 8 may be used to approximate
8 20pt+
(Pg)P

B

5, =

in which u corresponds to the square root value of the
relative interfering energies.
WZ

P =max(P,,P,) K=, —
Wl
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In Table 1 empirically determined as and fs which may
be used to provide some preferred suboptimal és are provided.

TABLE 1
Conventional Tentative Decisions Decorrelated Tentative Decisions
(P + Pa)2 s (P + Pu)? > % 2, =1 2; >1
= 0.6 ~ 1.2 a=0.7~1.0 a=0.9 ~1.2 = 1,2 ~ 1.8
B =1.5 ~ 3.5 B =3.5~4.5 B=2~24 = 3.5 ~ 5.0

The performance of the detectors with the suboptimal values
of §, provided in the Table are shown in FIGS. 20-23. For
the tentative decisions through a linear clipper, one may
choose §, = » for small relative interfering energies; 6, = 0
for large relative interfering energies; and otherwise elect
8, = 1 for simplicity. The following regions for these three
suboptimal §, values are provided as:
1

Case 1: (P, + P,) > —,
ZPL
§, = o for 0 < 1,
6 =0 for u > [(1- (P, + P/zzl) 21/

[(1= P2 = Py2)* + P, + Pl + P, + Py

§, = 1, otherwise.

1 1
Case 2! ~~—-nio— < P, + P,, < —r
2P, ,+2P,, 2 2= 2P,

§, = for 0 < u < yy,

52=0f0rM2ﬂ2,
8§, = 1, otherwise.

where u; = [(I- (P’ - Py) )% + 2(P2 + Py)? =11/
[(P, + Py) 1- P;;? - P,)*] and

K, is determined by u, = -b + yb?-c,

where b = 2P %(P, + P,) - (P, + P,)-P, and

C =1 = 2y(Pyp + Py) + (Py + Py)%=(1-P?) n%,,.

Similarly, for the case of decorrelated tentative decisions,
the A2 values may be selected in accordance with the
conditions set forth in Equation 10:
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Case 1: 2, 21

§ = for 0 < p < [1- (n® (L))*)1/[P; + Py,
6, =0 for u 21,
5, = 1, otherwise.

Case 2: 2PL 2<1],

8, = o for 0 < u < [1- (n® (L)])/[Py + Pyl,
6, =0 for u =z u,,
8, = 1, otherwise.

where pu, = [2P, + (4 N# (L) P2 + N& (L)2 - N7 (L))*%]/
[N (L) + 4 P

Referring now to FIGS. 16 and 16a, a pair of plots
representative of the characteristics of the soft decision
processor 208 (FIG.15) are shown. FIGS. 16 and 16A show two
examples of soft decision . nonlinearities. Each of the
nonlinearities have a threshold parameter delta to be set.
Moreover the value of threshold parameter delta are
determined by the channel conditions. The selection of the
threshold value is made to minimize the error probability of
each channel. Thus, if the input value fed to soft decision
processor 206 is too small in magnitude then no attempt is
made to cancel interference. That is, the output of
interference processor 206 corresponds to zero.

The vertical axis in FIG. 16 represents the processor
output value provided from a corresponding input value for
a particular delta value. The horizontal axis in FIG. 16
represents a value which determines the value which the
decision function will take. Thus, if the value of x/(w,)"
is less than the value of §,, then the decision function G, (x)
is provided having a value of zero. Thus the interference
estimate would correspond to zero in this instance. If
however, the value of §,, meets a predetermined threshold,
then the value of G,(x) corresponds to 1. Thus, in this
instance the value is given full weighing by the soft-
decision processor 208a.

Referring now to FIG. 16A, the decision function is
shown here to be a linear clipper function. The linear
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clipper function may for example be expressed as shown in
Equations 4 or 5 below:

| gk(x) = 1‘%2()(),5“ < JJ%<6k~l+1'l =0.1 - L

gk(x) = sgn(x) Azl >3,
V¥

X le(bk

SufWi /Wi

4% (x) =

Those of ordinary skill in the art will recognize of
course that other functions may also be used. However, it
should be noted that functions which do not have slope

reversals are preferred.
Referring now to FIG. 17 in which like elements of

FIG. 15 are provided having like reference designations, a

- three-stage two channel receiver 230 includes a pair of

matched filter circuits 202a, 202b and sample-and-hold
circuits 204a, 204b. Sample-and-hold circuits 204a, 204b
couple corresponding signals into corresponding interference
estimators 206a, 206b. The outputs from first stages 206a,
206b are fed to respective difference input ports of summing
circuits 216a, 216b. Fed to the positive input ports of the
summing circuits 216a, 216b are the corresponding sample-and-
hold circuit output signals and the output of the summing
circuits are fed to a second interference estimator
stage 206a, 206b. The output of the second interference
estimator stages 206a, 206b are fed to the difference input
port of a second summing circuit 216a, 216b. The outputs of
the summing circuits 216a, 216b are fed to the input ports
of a third stage here provided as a final decision
processor 218a, 218b. - Thus, the interference estimate is
generated twice.

Referring now to FIG. 18, a receiver 240 is here
provides having in a first channel a plurality of m
interference estimator stages 206a-206m and a single final
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decision 218a. Receiver 240 further includes a second
channel a plurality of m interference estimator stages 207a-
207m and a single final decision 218b. Each of the
interference estimator stages 206a-206m, 207a-207m have
output ports fed to corresponding ones of summing
circuits 216a-216m, 217a-217m. The outputs of summation
circuits 216m, 217m are fed to the input ports of final
decision processor 218a, 218b.

Referring now to FIG. 19, a receiver 250 is here
provided a plurality of K channels. Each of the channels
includes an interference estimator block 17a-17K. Taking
interference estimator block 17a as representative of the
interference estimators 17a-17m, block 17a includes a
plurality of interference estimators 16a-16k. Each of the
interference estimators 16a-16k generates an interference
estimate Ilk-1. The interference estimates are fed to
appropriate ones of a like plurality of summing circuits 26.
Each of the summing circuits has an output port couples to
a final decision processor 28.

Each of the summing circuits receives on a summing port
a signal corresponding to the match filter output signal from
the corresponding one of the matched filter sample-and-hold
circuits 15a-15k. Each of the summing circuits also includes
a plurality of difference ports in to which are fed a
corresponding one of the interference estimates from the
remaining receiver channels. Thus, summing circuit 26 in
channel one receives from interference estimate block 17b a
interference signal I21. Summing circuits also receives
similar interference signals I31, I41, ...Ikl from each of
the remaining interference blocks.

FIG. 20 shows, for 2, asynchronous users, AMEs versus
relative energy of interferer for 2-stage detectors via
conventional and infinite-horizon decorrelated tentative
decisions using a hard-limiter, a dead-zone limiter with
optimal §, and with suboptimal (6§, ¢ = 0.8mB = 4 for
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conventional and ¢ = 1.5 B = 4 fir decorrelated tentative
decisions.

FIG. 21 illustrates AMEs for 2-stage detectors via
conventional and infinite-horizon decorrelated tentative
decisions using a hard-limiter. a linear clipper with optimal
8, and with suboptimal §,. Also shown in both figures are
AMEs for the optimal sequence detector (MLS), which serves
as a performance bench mark, the decorrelator and
con&entional detector for comparison.

FIG. 22 shows the AMEs of soft-decision 2-stage
detectors using a dead-zone limiter with suboptimal §, (a =
2.5.B = 4) via infinite horizon and L-shot decorrelated
tentative decisions for L = 1,2,3 where E, = | s2(t)dt.
It is shown in FIG. 22 that decoding delays of 3 symbols
exhibit AMEs relatively close to that of infinite
decorrelated tentative decisions.

FIG. 22, is plot of AME’s for receivers have m stages.
Thus as shown in FIG. 22, for 3-stage detectors suboptimal
2-stage soft-decisions are used as tentative decisions (Note
that §, = (P,°u)?, where a = 2.5, B = 4 as above.). M-stage
detection with m even may provide enhanced performance for
weak users, while m odd may provide enhanced performance only
for strong users.

FIG. 23 is a plot of AMEs which shows the ordering of
the AMEs of various detection schemes determines the ordering
of the corresponding symbol error probabilities in low SNR
regime.

In FIG. 24 a plot of symbol error probabilities curves
for 2-stage detectors with matched filter tentative decisions
using a hard-limiter, a dead-zone limiter and a 1linear
clipper with optimal §,s. Also shown in FIG. 24 are curves
for matched filter detector and isolated single user
detector.

It is believed therefore, that these embodiments should
not be limited to disclosed embodiments but rather should be
limited only by the spirit and scope of the appended claims.
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CLAIMS |
1. A network node receiver for simultaneously receiving
signals from a plurality of stations coupled to a local area
network and for resolving collisions between the received
signals, said network node receiver having an input port and
an output port and comprising:

a soft decision processor, having an input port coupled
to the input port of the network node receiver, for making
an initial interpretation of the characteristics of data fed
thereto;

a channel estimator for providing a signal corresponding
to the characteristics of a communication channel;

an interference estimator coupled to said soft decision
processor and said channel estimator, wherein said
interference estimator receives a first signal from said soft
decision processor and a second signal from said channel
estimator and provides an interference signal at an output
port;

a summing circuit having a first input port coupled to
the input port of the network node receiver, a second input
port coupled to the output port of said interference
estimator and an output port coupled to an output port of the
network node receiver, wherein said summing circuit combines
the signals fed thereto at the first and second input ports
and provides an output signal to the output port of said

network node receiver.

2. The network node receiver of Claim 1 further comprising:

a final decision processor, coupled between the output
port of said summing circuit and the output port of the
network node receiver, said final decision processor for
providing signals to said channel estimate wherein the
signals describe channel characteristics; and

wherein said channel estimator uses the signals fed
thereto from said final decision processor to updaterthe
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estimates of the channel characteristics provided to said

interference estimator.

3. An underwater 1local area network for oceanographic

observation and data acquisition comprising:
a plurality of network nodes, each of said network nodes

 capable of transmitting and receiving signals on a request

channel and each of said nodes comprising a request channel
receiver adapted for receiving request signals transmitted
on said request channel and capable of resolving collisions
between a plurality of simultaneously received request
signals wherein at 1least two of said plurality of
simultaneously received request signals arrive at said
receiver asynchronously and are provided having substantially

the same carrier frequency.

4. The underwater local area network of Claim 3 wherein
said network node receiver comprises:

a soft decision processor, having an input port coupled
to the network node receiver, for making an initial
interpretation of the characteristics of data fed thereto;

a channel estimator for providing a signal corresponding
to the characteristics of a communication channel;

an interference estimator coupled to said soft decision
processor and said channel estimator, wherein said
interference estimator receives a first signal from said soft
decision processor and a second signal from said channel
estimator and provides an interference signal at an output
port;

a summing circuit having a first input port coupled to
the network node receiver, a second input port coupled to the
output port of said interference estimator and an output port
coupled to an output port of the network node receiver,

wherein said summing circuit combines the signals fed thereto

- at the first and second input ports and provides an output

signal to the output port of said network node receiver;
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a final decision processor, coupled between the output
port of said summing circuit and the output port of the
network node receiver, said final decision processor for
providing signals to said channel estimator, wherein the
signals describe channel characteristics ; and

wherein said channel estimator uses the signals fed
thereto from said final decision processor to update the
estimates of the channel characteristics provided to said

interference estimator.

5. The underwater local area network of Claim 3 wherein
each of said network nodes comprises:

a modem for transmitting signals to and receiving
signals form each of said plurality of network nodes;

a flotation device; and ,

an anchor wherein said modem is coupled between said
modem 1is coupled between said flotation device and said

anchor.

6. The underwater local area network of Claim 5 further
comprising:

a plurality of stations, each of said stations capable
of transmitting signals to and receiving signals from each
of said network nodes and wherein a first one of said
stations corresponds to a home station and at least one of
said plurality of stations comprises:

a sensor; and

an acoustic modem, coupled to said sensor, for
monitoring oceanographic phenomena and transmitting
acoustic signals to at least one of said plurality of

network nodes.

7. The underwater local area network of Claim 6 wherein
said home station comprises:
a network controller processor;
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a modem, coupled to said network controller processor,
for transmitting and receiving signals to and from each of
said plurality of network nodes;

a storage medium coupled to said network controller
processor; and

a radio frequency modem, coupled to said network
controller processor and said modem, for transmitting signals

to a shore based user.

8. The underwater local area network of Claim 6 wherein:
at least one of said plurality of sensors corresponds
to a first one of:
an ocean bottom seismometer;
a thermistor chain;
a current meter array; .
an acoustic doppler current profiler; and
an imaging system; and
the at least one of said plurality of stations further
comprises: ‘
a flotation device; and
an anchor wherein said modem is coupled between
said modem is coupled between said flotation device and

said anchor.

9. The underwater local area network of Claim 6 wherein:
at least one of said plurality of sensors corresponds
to a.first one of:
an ocean bottom seismometer;
a thermistor chain;
a current meter array;
an acoustic doppler current profiler; and
an imaging system; and
at least one of said plurality of stations is disposed

on an untethered underwater platform.
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10. The underwater local area network of Claim 6 wherein
said acoustic modem comprises:

a node controller processor;

a receiver processor coupled to said node controller
processor;

a receive transducer;

an analog signal conditioning circuit coupled between
said receive transducer and said receiver processor and
coupled to said node controller processor;

a transmit transducer coupled to said node controller
processor; and

a power source, for providing power to said acoustic

modem.

11. A local area network for acquiring oceanographic data
comprising:
a network node comprising a network node receiver; and
a plurality of stations each of said stations
comprising: '
a sensor; and
an acoustic modem adapted for transmitting signals
to and receiving signals from said network node, wherein
said network node receiver resolves collisions between
a plurality of simultaneously received signals
transmitted by said acoustic modem and wherein at least
two of said signals arrive at said receiver
asynchronously and are provided having substantially the

same carrier frequency.

12. The underwater local area network of Claim 11 wherein
said network node receiver comprises:

a soft decision processor, having an input port coupled
to the network node receiver, for making an initial
interpretation of the characteristics of data fed thereto;

a channel estimator for providing a signal corresponding

to the characteristics of a communication channel;
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an interference estimator coupled to said soft decision
processor and said channel estimator, wherein said
interference estimator receives a first signal from said soft
decision processor and a second signal from said channel
estimator and provides an interference signal at an output
port;

a summing circuit having a first input port coupled to
the network node receiver, a second input port coupled to the
output port of said interference estimator and an output port
coupled to an output port of the network node receiver,
wherein said summing circuit combines the signals fed thereto
at the first and second input ports and provides an output
signal to the output port of said network node receiver;

a final decision processor, coupled between the output
port of said summing circuit and the output port of the
network node receiver, said final decision processor for
providing signals to said channel estimator, wherein the
signals describe channel characteristics ; and

wherein said channel estimator uses the signals fed
thereto from said final decision processor to update the
estimates of the channel characteristics provided to said

interference estimator.

13. The underwater local area network of Claim 12 wherein
said acoustic modem comprises:

a node controller processor;

a receiver processor coupled to said node controller
processor;

a receive transducer;

an analog signal conditioning circuit coupled between
said receive transducer and said receiver processor and
coupled to said node cqntroller,prodessor;

a transmit transducer coupled to said node controller
processor; and

a power source.
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14. The underwater local area network of Claim 13 further
comprising a home station wherein said home station

comprises:

a network controller processor;

a modem, coupled to said network controller processor,
for transmitting and receiving signals to and from said

network node;
a storage medium coupled to said network controller

processor; and
a radio frequency modem, coupled to said network
controller processor and said modem, for transmitting signals

to a shore based user.

15. A method for resolving collisions between reservation
request packets in a communication channel comprising the
steps of:

(a) simultaneously receiving a plurality of filtered request
signals in a request channel receiver wherein each of said
request signals are received from different communication
channels;

(b) reading a universal packet header in each of the request
signals to determine the number of filtered request signals
received in said receiving step;

(c) estimating the data contained in each of the received
request signals;

(d) generating, for each communication channel, an
interference signal having characteristics corresponding to
the interference characteristics of a corresponding one of
the communication channels on which a request signal was
received in said receiving step;

(e) compensating each of said received request signals by
an amount corresponding to the interference signal generated
for the corresponding communication channel in said
generating step; and

(f) providing a compensated signal to an output port of the

request channel receiver.
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16. The method of Claim 15 wherein said generating step
comprises the step of updating the interference estimate of
each communication channel based on the compensated signal.

17. A method of transmitting and receiving signals between
a plurality of modems and a central node on a common request
channel, said method comprising the steps of:

(a) asynchronously accessing a common request channel via
a first one of the plurality of modems;

(b) transmitting, via the first modem, a request signal for
a reservation to transmit a predetermined number of data
packets from said first modem through the common request
channel to the central node;

(c) transmitting an acknowledgment packet from the central
node, wherein said acknowledgment packet includes a modem
identification code and a data channel identification code;
(c) receiving, in the first modem, the acknowledgment packet
transmitted from the central node; and

(d) transmitting data on a data channel corresponding to the
data channel identified by the data channel identifier
assigned in said transmitting step (c).

18. A receiver for simultaneously receiving a piurality of
asynchrously transmitted signals and for resolving collisions
between the transmitted signals, said receiver having an
input port and an output port and comprising:
a plurality of receiver channels, each channel
comprising:
(a) an interference estimator having an input port and
an output port;
(b) a summing circuit hanving a summing input port, at
least one difference input port and an output port; and
(c) a hard decision processor having an input port and
an output port wherein the input port of said.hard
decesion processor is coupled to the output port of said
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summing circuit wherein the output port of said
interference estimator of a first one of said plurality
of receiver channels is coupled to the summing input
port of the summing circuit of a second different one
of said plurality of receiver channels and the output
port of the interference circuit of said second receiver
channel is coupled to a first one of the at least one
difference input ports of the summing circit of said
first receiver channel; and
a delay unit coupled between the input port of the
interference estimator of said second receiver channel and
the summing input port of said summing circuit in said second

receiver channel.

19. The receiver of Claim 18 further comprising:

_ a soft decision processor, having an input port coupled
to the input port of the network node receiver, for making
an initial interpretation of the characteristics of data fed
thereto; '

a channel estimator for providing a signal corresponding
to the characteristics of a communication channel;

an interference estimator coupled to said soft decision
processor and said channel estimator, wherein said
interference estimator receives a first signal from said soft
decision processor and a second signal from said channel
estimator and provides an interference signal at an output
port;

a summing circuit having a first input port coupled to
the input port of the network node receiver, a second input
port coupled to the output port of said interference
estimator and an output port coupled to an output port of the
network node receiver, wherein said summing circuit combines
the signals fed thereto at the first and second input ports
and provides an output signal to the output port of said
network node receiver. '
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20. The receiver of Claim 19 further comprising:

a final decision processor, coupled between the output
port of said summing circuit and the output port of the
network node receiver, said final decision processor for
providing signals to said channel estimate wherein the
signals describe channel characteristics; and

wherein said channel estimator uses the signals fed
thereto from said final decision processor to update the
estimates of the channel characteristics provided to said

interference estimator.

21. A receiver comprising:

a soft decision processor, having an input port coupled
to the network node receiver, for making an initial
interpretation of the characteristics of data fed thereto;

a channel estimator for providing a signal corresponding
to the characteristics of a communication channel;

an interference estimator coupled to said soft decision
processor and said channel estimator, wherein said
interference estimator receives a first signal from said soft
decision processor and a second signal from said channel
estimator and provides an interference signal at an output
port;

a summing circuit having a first input port coupled to
the network node receiver, a second input port coupled to the
output port of said interference estimator and an output port
coupled to an output port of the network node receiver,
wherein said summing circuit combines the signals fed thereto
at the first and second input ports and provides an output
signal to the output port of said network node receiver;

a final decision processor, coupled between the output
port of said summing circuit and the output port of the
network node receiver; said final decision processor for
providing signals to said channel estimator, wherein the
signals describe channel characteristics ; and '
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wherein said channel estimator uses the signals fed
thereto from said final decision processor to update the
estimates of the channel characteristics provided to said

interference estimator.

22. The receiver of Claim 21 further comprising:

a soft decision processor, having an input port coupled
to the network node receiver, for making an initial
interpretation of the characteristics of data fed thereto;

a channel estimator for providing a signal corresponding
to the characteristics of a communication channel;

an interference estimator coupled to said soft decision
processor and said channel estimator, wherein said
interference estimator receives a first signal from said soft
decision processor and a second signal from said channel
estimator and provides an interference signal at an output
port;

a summing circuit having a first input port coupled to
the network node receiver, a second input port coupled to the
output port of said interference estimator and an output port
coupled to an output port of the network node receiver,
wherein said summing circuit combines the signals fed thereto
at the first and second input ports and provides an output
signal to the output port of said network node receiver;

a final decision processor, coupled between the output
port of said summing circuit and the output port of the
network node receiver, said final decision processor for
providing signals to said channel estimator, wherein the
signals describe channel characteristics ; and

| wherein said channel estimator uses the signals fed
thereto from said final decision processor to update the
estimates of the channel characteristics provided to said

interference estimator.
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23. A method for resolving collisions between reservation
request packets in a communication channel comprising the
steps of:

(a) simultaneously receiving a plurality of filtered request
signals in a request channel receiver wherein each of said
request signals are received from different communication
channels;

(b) reading a universallpacket header in each of the request
signals to determine the power level of each of the filtered
request signals received in said receiving step;

(c) estimating the data contained in each of the received
request signals;

(d) generating, for each communication <channel, an
interference signal having'characteristics corresponding to
the interference characteristics of a corresponding one of
the communication channels on which a request signal was
received in said receiving step;

(e) compensating each of said received request signals by
an amount corresponding to the interference signal generated
for the corresponding communication channel in said
generating step; and

(f) providing a compensated signal to an output port of the

request channel receiver.

24. The method of Claim 23 wherein said generating step
comprises the step of updating the interference estimate of
each communication channel based on the compensated signal.

25. The method of Claim 24 wherein the step of reading the
universal packet header in each of the request signals to
determine the power level of each of the filtered request
signals received in said receiving step includes the step of
determining the number of recieved signals.
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