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(57) Abstract: Methods and systems for real-time monitoring of environments are disclosed. The methods include receiving a
measurement by a sensor unit, and transmitting a signal to a monitoring station if the measurement is approximately between a
lower and an upper threshold. Based on a number of signals received, the monitoring station will broadcast a signal indicating to
stop transmission of measurements or to update the lower and the upper threshold and continue transmission of measurements.
Transmission of measurements may occur during a given time slot.
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Methods and Systems For Real-Time Monitoring of Environments

CROSS REFERENCE TO RELATED APPLICATION

The present application clafms priority to Indian patent application serial no.

882/CHE/2010 f;led on March 30, 2010.
BACKGROUND |

It occurs more often than desired that large Chemical Companies are forced to
close plants that have contaminated water in urban cities. When contamination is
high, such cases are easily detected and reported. However, it may be difficult to
detect leakage of-chemical pollutants into an environment at low levels ih real-time.
Thus, detection of toxic effluent is often only reported when obviously noxious
chemicals contaminate drinking water significantly, or when small amounts of
chemicals have leaked into the environment over a period of time such that
contamination levels have become highly noticeable. ' '

Detection of realOdtime pollution at early stages may assist with fracking and

enforcing pollution guidelines speciﬁéd by regulatory bodies. History has shown that

quiet, unseen, and undetected effluence over extended periods can lead to serious and

dramatic public health and environmental crises. Human and environmental damage

may continue to occur as a result of slow, lowOlevel leaks of toxic chemicals into
waterways. Early detection of pollutants could help corporations and regulatory

bodies take corrective action before larger volumes of pollutants are released.

Existing systems for measuring levels of pollution, effluent discharge rate,
etc., frequently include an array of sensors deployed in an environment. Each sensor
of the érray collects data and periodically transmits a measurement. The sensors may
detect pollution by making periodic measurements of variables that help detect
presence of pollution. Communication links between pairs of sensors and between

sensors and a_central unit are employed to enable the sensors to communicate their

- measurements amongst one another. Energy consumption of a sensor is typically

highest during data transmission. Sensors are typically battery powered so as to be
portable, and thus, once the battery drains out, the sensor can no longer transmit

signals and thus becomes ineffective.  The periodic transmissions of data

" measurements thus have a negative impact on the sensor’s lifetime and increase the

need for routine maintenance.

CONFIRMATION COPY
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SUMMARY
In one example aspect, a method of transmitting measurements of a sensor is |
described. The method includes receiving a measurement by a sensor unit, and during
a first time slot, transmitting» a signal to a monitoring station if the measurement is
approximately between a lower and an upper threshold. The method also includes

receiving a broadcast from the monitoring station, and based on the broadcast,

_updating the lower and the upper threshold for use during a subsequent time slot. The

method further includes making a determination whether the updated lower threshold
or the updated upper threshold is lower than a minimum value for the lower and upper

threshold, and based on the determination, performing a subsequent transmission

| during the subsequent time slot if the measurement is approximately between the

updated lower and the updated upper threshold. _
In another aspect, a method of transmitting measurements of a plurality of
sensors within an environment is provided. The method comprises each of the

plurality of -sensors making a measurement, and each of the plurality of sensors

- transmitting a signal to a monitoring station during a time slot when the measurement

of the sensor is approximately between a lower and an upper threshold, such that only
sensors with measurements between the lower and the upper threshold transmit a-
signal to the monitoring station. The method also includes each of the plurality of
sensors receiving a broadcast from the monitoring station, and based on the broadcast,
each of the plurality of sensors updating the lower and the upper threshold for use
during a subsequent time slot. The method further includes each of the plurality of

sensors making a determination whether the updated lower threshold or updated upper

threshold is lower than a minimum value for the lower and upper threshold, and based

on the determination, each of the plurality of sensors performing subsequent
transmissions during subsequent time slots if the measurement of the sensor is
approximately between the updated lower and the updated upper threshold for the
respective subsequent time slot, such that if the updated lower threshold or the
updated upper threshold is lower than the minimum value for the lower and upper
threshold each of the plurality of sensors performing no subsequent transmissions.

In another example aspect, a computer readable medium having stored therein
instructions executable by a computing device to cause the computing device to

perform functions is described. The functions include receiving a measurement by a

2



WO 2011/121387 PCT/1IB2010/002009

10

20

25

30

sensor unit, and during a first time slot, transmitting a signal to a monitoring station if
the measurement is approximately between a lower and an upper threshold. The
functions further include receiving a broadcast from the monitoring station, and based
on the broadcast, updating the lower and the upper threshold for use during a

subsequent time slot.

In still ‘another example aspect, a sensor is described that includes a sensor

o

unit, a transceiver, and a processing unit. The sensor unit obtains measurements of

characteristics of an environment. The transceiver is coupled to the sensor unit and

transmits a signal to a monitoring station during a first time slot if the measurement is
approximately between a lower and an upper threshold. The transceiver further
receives a broadcast from the thonitoring station. The processing unit is coupled to
the sensor unit and the transceiver and updates the lower and the upper threshold
based on the broadcast received from the monitoring station for use during a
subsequent time slot. The processing unit (further determines if the updated lower
threshold or the updated upper threshold is lower than a minimum value for the lower
and upper threshold, and if so, the processing unit directs the transceiver to perform
no subsequent transmissions. 4 '

In yet another example aspect, a monitoring station is described that includes a
transceiver and a processing unit.- The transceiver receives signals from sensors in an
environment. The processing unit is coupled to the transceiver and instructs the
transceiver to broadcast a signal to the sensors in the environment based on a number
of signals received from the sensors. For example, (i) if no signals are received from
sensors during a time slot, a signal indicating to transmit é signal to the monitoring
station for measurements of a lower value is broadcast, (ii) if multiple signals are
received from sensors during the time slot, broadcasting a signal indicating to transmit
a signal to the monitoring station for measurements of a higher val‘ue is broadcast, and
(iii) if one signal is received from a given senéor during the time slot, broadcasting a
signal indicating to end transmission of signals to the monitoring station for the time
slot is broadcast. '

In still a further example aspect, a method for communicating between sensors
in an environment érid a monitoring' station is described. The sensors obtain
measurements of a characteristic of the environment and transmit a signal to the

monitoring station if a value of the measurement is between a lower and an upper

3
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threshold. The method includes if no signals are received from sensors during a time
slot, broadcasting a signal indicating to transmit a signal to the.monitoring station for
measurements of a lower value. The method also includes if muitiple signals are
received from sensors during the time slot, broadcasting a signal indicating to transmit
a signal to the monitoring station for measurements of a higher value. The method
further includes if one signal is received from a given sensor during the time slot,
broadcasting a signal indicating to end transmission of signals to the monitoring
station for the time slot. A

In yet a further example aspect, a systém is described that includes a plurality
of sensors and a monitoring’ station. The plurality of sensors are within an
environment and obtain measurements of characteristics of the environment. Each of
the plurality of sensors transmits during a first time slot a signal if a respective
measurément is approximately between a lower and an upper threshold, and each of
the plurality of sensors updates the lower and the upper threshold for use durmg a
subsequent time slot based on received broadcasts. The monitoring station receives
transmissions from each of the plurality of sensors, and broadcasts a respbnse to the
sensors based on a number of transmissions received. For example, (i) if no signals
are received from sensors during a time slot, the monitoring station broadcasts a
signal indicating to transmit a signal for measurements of a lower value, (ii) if
multiplg signals are received from sensors during a time slot, the monitoring station
broadcasts a signal indicating to transmit a signal for measurements of a higher value,
and (iii) if one signal is received from a given sensor during the time slot, the
monitoring station broadcasts a signal indicating to end transmiésion of signals for the
time slot. | '

The foregoing summary is illustrative only and is not intended to be in any
way limiting. In addition to the illustra;tive aspects, embodiments, and features
described above, further aspects, embodiments, and features will become apparent by
reference to the drawings and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 illustrates an example system for measuring characteristics of an
environment. | |

Figure 2 illustrates a block diagram of an example sensor.

Figure 3 illustrates a block diagram of an example central monitoring station.

4
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Figure 4 is a flowchart that depicts example steps of a mcthod for

cémmunicating between sensors and a central monitoring station.
| Figure 5 is another flowchart that depicts example steps of communicating
between sensors and a central monitoring station.

Figure 6 is another flowchart that depicts example steps of communicating
betwéen sensors and a central monitoring station. |

Figure 7 is an example. graph of sifnulétions performed to determine time slots
required to identify a highest measurement.

| Figure 8 is a block diagram illustrating an example computing device arranged
for sensing characteristics of an environment, -or alternatively, arranged as a central
monitoring station for receiving signals from sensors in an environment.
DETAILED DESCRIPTION

In the following detailed description, reference is made to the accompanying
drawings, which form a part hereof. In the drawings, similar symbols typically
identify similar components, unless context dictates otherwise. The illustrative
embodiments described in the. detailed- description, drawings, and claims are not
meant to be limiting. Other embodiments may b-e utilized, and 6ther changes may be
made, without départing from the spirit or scope of the subjéct matter bpresented here.
It will be readily understood that the aspects of the .present disclosure, as generally -
described herein, and illustrated in the Figures,  can be arranged, substituted,
combined, and designed in a wide variety of different configurations, all of Which are
explicitly contemplated and are made part of this disclosure.

Example embodiments describe methods and systems for measuring levels of
pollution, effluent discharge rate, etc., and include an array of sensors deployed in an
aquatic environment. Each sensor can communicate a measurement to a central
monitoring device. The central monitor can raise an alarm or trigger a secondOtier of
investigative actions if the measurements indicate a cause for alarm, such as a higher
than allowed level of effluent diséharge, hea\}y metal concentrations, or lower than
acceptable oxygen levels, for example. To monitor the discharge, sensors in the array
of sensors may be geographicaliy dispersed. Example embodiments describe methods
for reporting sensor measurements to the central monitor. In one aspect, a number of
transmissions by the sensors may be optimized to increase a sensor’s battery life and

to improve a time to detect an undesired change event, for example.

5 .
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Referring now to the figures, Figure 1 illustrates an example ‘system for
measuring characteristics of an environment. Figure 1 illustrates an aquatic
environment 100 in which sensors 102(1)-102(n) are positioned to measure various
aspects and characteristics of the environment. For example, the sensors may
measure levels of pollution and effluent discharge rates. Types of pollution to be
monitored include levels of VpH, oil pollution, levels of oxygen, or any other toxins or
indicators of pollution, for example. - Any number or type of sensors may be used
within the aquatic environment 100, for example. In addition, although Figure 1
indicates that the environment is an aquatic environment, any type of environment
may be monitored, and thus, the number or type of sensor may depend.on the type of
envirbnment being monit;)red. ' _

The sensors 102(1)-102(n) may communicate measurements and readings to a
central monitoring station 104 via a wireless communication channel »106. Any type
of wireless communication protocol may operate over the wireless communication
channel 106. For example, the wireless communication protocol that operates over

the wireless communication channel 106 may be a wireless protocol for a cellular

~ network.

Alternatively, the sensors 102(1)-102(n) may communicate measurements and
readings to the central monitoring station 104 via a wired connection.

The central monitoring station 104 receives the measurements and readings
from the sensors 102(1)-102(n) and makes a deterr’nination as to a level of pollution of
the aquatic environment 100. More monitoring stations méy be included within the
aquatic environment 100 to receive measurements from the sensors 102(1)-102(n),
and to make determinations as to levels of pollution in a particular area, for example.
The central monitoring station 104 may thus communicate received measurements

from the sensors 102(1)-102(n) to other monitoring stations to further determine

levels of pollution in the aquatic environment 100. In addition, the central monitoring

station 104 may or may not be positioned centrally within the environment, and thus,
the term central does not necessarily indiéate position ‘or relation of the central
monitoring station 104 to fhe sensors 102(1)-102(n), for example.

The number of sensors 102(1)-102(n) and central monitoring stations, and
type of communication between the sensors 102(1)-102(n) and central monitoring

stations may vary according to a specific aquatic environment, or according to a type

6 .
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of pollution’ or characteristic of the environment being monitored. Furthermore,
although Figure 1 is described in relation to an aquatic environment, those of ordinary
skill in the art will understand that the ‘particular arrangement of sensofs and
monitoring stations may be used in any type of environment to monitor any number of
characteristics of the environment. For example, systems and methods described
herein may be implemented in many different types ‘of environments including
aquatic environments, and may be impiemented to monitor many different

characteristics such as overall quality monitoring or structural health monitoring, for

~example. In addition, the sensors. 102(1)-102(n) may be arranged in any type of

network or configuration, such as a distributed sensor network or a multiple sensor
network. -

Figﬁre 2 illustrates a block diagram of an example sensor 200. The sensor 200
includes a sénsing unit 202 coupled to a processing unit 204. The processing unit 204
couples to memory 206 and a transceiver unit 208. A power source 210 couples to
each of the sensing unit 202; the processing unit 204, the memory 206, and the
transceiver unit 208 to provide power to each unit.

The sensing unit 202 may be a hardware device that produces measurable

responses to a change in a phyéical lcondition, such as temperature or pressure. The

~ sensing unit 202 senses or measures physical data of an area to be monitored. The

sensing unit 202 may be a passive_sensing unit that senses data without manipulating
the gnvironment by active probing, and méy or may not have a well-defined notion of
direction of measurement. Alternatively, the sensing unit 202 may actively probe the
environment, for example, using sonar, radar or seiémic technology. The sensing unit
202 may measure or detect any kind of change in an area, and examples of types of
sensing units include thermal Sensors, pressure sensors, humidity -sensors, chemical
sensors including oxygen sensors and carbon monoxide detectors, light -or
photodetector sensors, infra, radiation sensors including a Geiger cdunter', acoustic or
sound sensors including microphones and seismometers, motion sensors, orientation
sensors including gyroscopes, and distance or proximity sensors. Any combination of
sensors may be used as well depending on a characteristic of an environment'being
monitored. . ‘

- The sensing unit 202 may output a continual analog signal that can be

digitized by an analog-to-digital converter (not shown). The sensing unit 202 has a

7
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certain area of coverage for which the sensing unit 202 can reliably and accurately
report a particular aspeét that the sensing unit 202 is bbsewing. For example, the
sensing unit 202 may be able to detect occurrences over a circle having about a 10
foot radius for some occurrences, or over a circle having about a 1 mile radius for
other occurrences. Although only one sensing unit 202 is shown, the sensor 200 may
include multiple sensing units, and each sensing unit may or may not monitor or
detect the same type of occurrences, for example.

The processing unit 204 may process data and control functionality of
components in the sensor 200. The processing unit 204 may be embodied as a
processor that accesses the memory 206 to execute software functions stored therein.
One skilled in the art of computer systems design will understand that the example
embodiments _-are not limited to any particular class or model of processor. The
processing unit 204 may operate according to an operating system, which may be any

suitable commercially available embedded or disk-based operating system; or any

“proprietary operating system. Further, the processing unit 204 may comprise one or

-more smaller central processing units, including, for example, a programmable digital

signal processing engine or may also be implemented as a single application specific
integrated circuit (ASIC) to improve speed and to economize space. In general, it
should be understood that the processing unit 204 could include hardware objects
developed using integrated circuit dévelopment technologies, or yet via some other
methods, or the combination of hardware and software objects that could be ordered,
parameterized, and connected in a softwaré environment to implement different
functions described herein. Also, the hardware objects could communicate jlsing
electrical signals, with states of the signals representing different data. - \

The memory 206 may store information such as previously transmitted of
recgived signals, for example. The memory may include random access memory
(RAM), flash memory or long term storage, such as read only memory (ROM) or
magnetic disks, for example. |

~ The processing unit 204 may receive measurements from the sensing unit 202
and determine whether to transmit the measﬁremcnt to a central monitoring station via
the transceiver unit 208 based on a value of the measurement, for example. The
transceiver unit 208 includes a transmission unit 212‘, a recéption unit 214, and an

antenna 216. The transceiver unit 208 may operate in different modes including

8
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transmit, receive, idle, and sleep, for example. If the transceiver unit 208 is not
transmitting or receiving, then the transceiver unit 304 may be placed in sleep mode

to conserve power, or idle mode. The transceiver unit 208 may transmit and receive

‘signals simultaneously using the transmission unit 212 and the reception unit 214.

The power source 210 couples to each of the sensing unit 202, the processing
unit 204, the memory 206, and the transceiver unit 208 to provide power to each unit.
The power source 210 may be an independent power source such as a battery or a
solar power source, or the sensor 200 may be connected to other types of conventional
power sources. |

The processing unit 204 will receive measurements from the sensing unit 202
and determine whether to transmit the measurements based on a value of the
measurement compared to threshold values that may be receivéd from a central
monitoriﬁg ‘station, for example. By limiting transmissions of measurements, the
sensbr 200 may conserve power of the power source 210. =

~ Figure 3 illustrates a block diagram of an example central monitoring station
300. The central monitoring station 300 includes a processing unit 302 coupled to
inemory 304 and a transceiver unit 306. A power source 308 couples to each of the

processing unit 302, the memory 304, and the transceiver unit 306 to provide power to

‘each unit.

The processing unit 302 may process data and control functionality of
components in the central monitoring station 302. The processing unit 302 may be
embodied as a processor that accesses the memory 304 to execute software functions
stored therein. | The processing unit 302 may operate according to an operating
system, which may be any suitable commercially available embedded or disk-based _
operating system, or any propfietary operating system. Further, the processing unit
302 may comprise one or more smaller central processing units, for example. The
memory 304 may store information sucﬁ as previously transmitted or received signals,
for example. The memory niay include random access memory (RAM), flash
memory or long term storage, such as read only memory (ROM) or magnetic disks,
for example.

The processing unit 302 may receive measurements from sensors via the

- transceiver unit 306, for example. The transceiver unit 306 includes a transmission

unit 310, a reception unit 312, and an antenna 314. The transceiver unit 306 may

9
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operate according to any type of wireless communication protocol.

The power source 308 couples to gach of the processing unit 302, the memory
304, and the transceiver unit 306 to provide power to each unit. The power source
308 may be an independent power source such as a battery or a solar power source, or
the central mdnitoring station 300 may be connected to other types of conventional
power sburces'.

The processing unit 302 may receive measurements from sensors and identify
a highest measurement level of polluﬁon across all sensors, for example. Based on
received measurements, the processing unit 302 may signal an alarm, or broadcast a
return signal to the sensors requesting the sensors to modify thresholds for
determining when fo transmit measurements, for exérnple.’

In example embodiments, a method for communicating between sensors and -
the central monitoring station 300 is provided. For example, instead of each sensor
sequentially transmitting a measurement or reading to the central monitbring station
300, the sensors decision to transrhit a measurement or reading is based on a
magnitude of the current reading. A highest reading level of pollution across all
sensors may be detected with few transmissions, and if this reading is lower than a
tﬁreshold, then this implies'that no other sensor has a higher reading. Therefore, the
central monitoring station 300 may not be required to take any further action.
However, when the highest reading is higher than the threshold, the central
monitoring station 300 can takes appropriate secondary action, which may include
raising an alarm or enquiring with each sehsor about what is being measured, sending
out a monitoring créw, etc.

Figure 4 is a flowchart that depicts example steps of a method for
communiéating between sensors -and a central monitoring station. It should be
understood that the flowchart shows functionality and operation of one possible
implementation of present embodiments. In this regard, each‘bloék may represent a

module, a segment, or a portion of program code, which includes one or more

| instructions executable by a processor for implementing ‘speciﬁc logical functions or

steps in the process. The program code may be stored on any type of computer
readable medium, for example, such as a storage device including a disk or hard
drive. In addition, each block may represent circuitry that is wired to perform the

specific logical functions in the process. Alternative implementations are included

10
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within the séope of the example embodiments of the present application in which
functions may be executed out of order from that shown or discussed, including
substantially concurrent or in reverse order, depending on the functionality involved,
as would be understood by those reasonably skilled in the art.

Initially, as shown at block 402, a sensor may obtain a measurement. The
sensor may measure any number of characteristics about an environment, and the
measurement may be in many ‘different_ forms. | For example, the measurement may be
a magnitude or level of oxygen in water, or a binary indication as to whether the level
of oxygen in the water is above or below a threshold. '

If the measurement is between a lower and an upper threshold, the sensor will
transmit a signal to the central monitoring station, as shown at blocks 404 and 406.
For example, the magnitudé of the measurement may be within (or about Within) a
predefined lower and upper threshold range, and thus, the sensor will transmit a signal
to the central monitoring station. The signal may indicate a value or magnitude of the

measurement reading, or may simply indicate that the measurement reading is within

‘the lower and upper threshold range (e.g., a binary value of yes or no), for example.

The signal may include other information as well, such as a location of the sensor

transmitting- the signal, information relating to past measurements, information

. indicating a change in a measurement, etc.

If the measurement is not between the lower and uppef threshold, the sensor
does not transmit a signal to the central monitoring station. Subsequently, if the
sensor receives a success broadcast from. the central monitoring station, as shown at
block 408, then the method ends. A success broadcast may indicate that the central
monitoring station has identified a highest reading from a given sensor, and thus, the |
central monitoring station can take secondary action, if needed. 4

Alternatively, if no success broadcast is received from the central monitoring
station, then the sensor modifies the lower and/or the upper threshold values, as
shown at block 410, and determines if the measurement now falls within the modified
threshold range. For example, if no success broadcast is received at the sensor, the
sensor may determine that the central monitoring station has not located the highest
reading, or that the central monitoring station has received too many readings, and
thus, the sensor may raise or lower the threshold values. In one embodiment, the -

central monitoring station may broadcast a signal to the sensor indicating whether to

11
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raise or lower the threshold values (discussed more fully below).

The method described in Figure 4 may be performéd by a group of sensors "
within an environment, such as th_e sensors shown in Figure 1, to enable the central
monitoring station to idehtify a sensor that has a highest (e.g., a worst) reading, -for
example. In other i_nstancés, depending on a characteristic being measured, the
method enables the central monitoring station to identify a sensor that has a lowest
reading.

The lower (minimum) and upper (maximum) threshold values may also
depend on a characteristic being measured, and may also be unbounded. Decisions to
transmit or not are made individually by each sensor at a beginning of a time slot. For
example, one iteration 6f the method of Figure 4 may be performed in one time slot,
and each subsequent iteration may be performed over a subsequent time slot, for
example. The time slot may be of a length so as to enable transmission of signals by
sensors, and a feedback broadcast by the central monitoring station. Depending on a
length of data packets associated with these transmissions, a minimum duration of a
time slot length may be determined.

Figure 5 is another ‘flowchart that depicts example steps of communicating
between sensors and a central monitoring station. As With the flowchart of Figure 4,
each block may represent a module, a segment, or a portion of program code, which
includes one or more instructions executable by a processor for implementing specific
logical functions or steps in the process. In addition, each block may represent
circuitry that is wired to perform the specific logical functions in the process. A '

The method of Figure 5 may be performed by each sensor within an
environment, for example. Initially, as shown at block 502, each sensor will obtain a
measurement. Measurements may be obtained at a beginning of a time slot, and the
method of Figure 5 may be performed over one time slot, for example.

All sensors may normalize their measurements so that the measurements lie
between 0 and 1 uniformly, for example. As one example, if Fym(x) denotes a
probability that the measurement value of a sensor is less than x, normalization may
be performed by having sensors operate according to Y = Fm(m) instead of m. Since
an output of the function is a probability value, the output will lie between 0 and 1.

Furthermore, Fyp(m) is monotonically increasing in x, i.e., as m increases, Fy(m)

- 12 -
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increases. Therefore, choosing a sensor with a latgest value of m is equivalent to
choosing a sensor with a largest value of FM(m) for example. |

Let Hi(k) and Hy(k) denote lower and upper thresholds in a time slot k. A
sensor transmits in slot & if the sensor's metric (or measurement), u;, lies between
H (k) and Hy(k); otherwise, the Sensor remains quiet. Thus, as shown at block 504, at
the beginning of a slot k&, each sensor (independently) e'ctlculates two thresholds H; (k)
and Hik). | |

In the first slot, parameters are initialized as follows:
_ | _
HL(k)= 1_; Equation (1)

H H (k ) =1 Equation (2)
where the number of sensors is n.

The sensor will transmit with power P to the central monitoring station if the

sensor’s reading y satisfies. 1, (k ) <u<H, (k ) , as shown at blocks 506 and
508, |

Next, as shown at block 5‘V10 at the end of each slot, each sensor will receive a
broadcast from the central momtonng station. The broadcast may indicate one of the
following three example outcomes: i) idle if no sensor transmltted il) success if
exactly one sensor transmitted, or iii) collision if multiple sensors transmitted. An
idle message may indicate that no sensor transmitted a signal, or alternatively, may
indicate that less than a satisfactory nﬁmber of sensors transmitted signals, for
example. In addition, a collision message may indicate that more than a desired
amount of signals received, for example. ‘

In the case of the outcome being a success, the algorithm terminates. For
example, if exactly one sensor transmitted a measurement, then the sensor with the
highest measurement has been found. In an alternate example, if one or a small
number of sensors_transmitted a signal, then a group of sensors with the highest
measurements has been found. Once success has been determined, the sensors may
receive a signal indicating to terminaté the algorithm, and then the sensors may obtain
a new measurement at the next subsequent time slot and repeat the method of Figure
S. Altematlvely, the sensors may obtain new measurements upon receiving a signal
requesting to do so.
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If no success is determined, based on an idle or collision feedback message,
the upper and lower thresholds are updated based on the outcome of the previous slot.
For example, if the sensor received an idle message (e.g., indicating that the slot was

idle and no sensors transmitted a measurement because no sensor recorded a

measurement between the lower and upper threshold values), and no collision has

occurred in the past, the sensor updates the lower and upper thresholds to allow for
transmission of lower measurements, as shown at blocks 512 and 514. For example,
if feedback of the kth slot is idle and no collision has occurred thus far, then the lower

threshold Hi (k) and fhe upper threshold Hy(k) may be updated as follows:
H,(k+1)=H,(k)  Equation(3)
(k+1)
n

H, (k + 1) = (1 ) Equation 4

Thus, Hy (k) and Hy(k) are each decreased, and the difference between them remains
constant (or substantially constant). Lower magnitude readings may thus be
transmitted by the sensors. For n=10 sensors, values of the lower and the upper

threshold values may be as shown below in Table 1.

K | H®) Hu(k)
Initial, k=0 09 1
1 0.8 | 0.9
2 07 0.8
3 0.6 | 0.7
3 0.5 0.6
5 0.4 | 05
Table 1

If the sensor received an idle message and a collision has occurred in the past,
the sensor decreases the interval between the previous lower and upper threshold by
éhanging values of both the upper and lower tﬂreshold, as shown at block 516. .For
example, the lower threshold H; (k) and the upper threshoid Hpy(k) may be updated as

follows:

H,(k+1)=H,(k) Equation (5)
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HL(k+1)= H,(k)- (Hﬂ(k); H, (k)

The lower threshold will remain less than the upper threshold, and the lower and .-

Equation (6)

upper threshold values will be updated as shown in Equations (5)-(6) after a collision
has occurred. For n=10 sensors, example‘values of the lower and upper thresholds are
5  shown in Table 2 below. This example assumes that a collision has occurred during -
the first slot (k = 0), in which case the new thresholds will become 0.95 and 1.0 for k
= 1, and that an idle condition occurs at k = 1, in which case the thresholds become
0.925 and 0.95 for k = 2. Thereafter, the example is for the case in which an idle

condition occurs for £k >2.
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20

25

k Hik) Hy(k) Outcome .
Initial, k=0 09 1 Collision
1 0.95 1 “1dle
2 0.925 0.95 Idle
3 09125 0.925 Idle
4 0.90625 0.9125 -

4 Table 2

After updéting the lower and the upper threshold values (either-as shown in
Equations (3)-(4) or Equations (5)-(6)), if the measurement is lower than a preset
threshold or preset minimum value (such as, for example, about 0.5 to about 0.8), then
the algorithm ends, as shown at block 518. This is because no sensor has a reading
greater than a predefined threshoid value, and thus, no sensor has identified any.
problems in the environment, for example. If the measurement is not lower than the
preset threshold, the rﬁethod of Figure 5 repeats at the next time slot. Ih an alternate
example, after obtaining fhe measurément, at block 502, it may be determined if the
measurement is lower than the preset threshold, and if so, the algorithm ends at that
time. The preset minimum value may be set to other values as well, depending on
infonnagion that is being measured. A value of the preset minimum may determine
how quickly the algorithm ends, so that for higher preset minimums, the algorithm
ends more quickly. - |

In still another alternate embodiment, if after updating the lower and the uppef
threshold values, the lower or the upper threshold value is lower than the preset
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threshold or preset minimum value for the lower and upﬁer threshold, then the
algorithm may end. In this manner, it can be established that when the lower and/or
upper thfeshold is lower than a minimum value for the lower and upper threshold,
then no measurement may be of any danger, and thus, it is unnecessary to continue
searching to identify the sensor with a highest reading, for example. This may end the
algorithm more quickly to save power and pfocessor resources, for example.

Still further, the preset minimum value may be updated with time as well. The
preset minimum operates to stop the algorithm when the search tﬁresholds decrease
below the minimum, or pre-specified "no danger" sensor reading values. Based on
received sensor readings, the "no danger" value may be increased to stop the
algbrithm more quickly. For example,'iﬁf over time, a small number or no sensor
readings fall within the search thresholds, the preset minimum may be adjusted to stop
the 'algorithm more quickly in the futuré so as to preserve power and processing
availability since the environment has tested successfully in the past.

If the sensor received a collision message (e'.g., indi,cating' that multiple
Sensors tfansmitted), the sensor recursively decreases the interval between the
previous lower and upper threshold until the algorithm terminates with a success, as
shown at block 520. For examplé, the lower threshold may be iteratively increased
while holding the upper threshold constant (or substantially constant). The lower
threshold H; (k) and the upper threshold Hy(k) may be updated as follows:

, HL(k+ 1) = (HL(k)-;HH (k))

H, (k+1)=HH (k) Equation®)

Thus, Hy (k) can be increased while Hpy(k) remains constant, and the difference

Equatioﬁ @)

between the H (k) and Hu(k) is decre_ased. For n=10 sensors, example values of the

lower and upper threshold are shown below in Table 3.

k Hy(k) Hy(k) . Outcome
Initial, k=0 , 0.9 1 “ Collision
1 0.95 1 Collision |
2 0.975 1 Collision
3 09875 1 Collision
4 - 0.99375 1 Collision
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5 ~ 0.996875 1 -

Table 3

The algorithm can terminate if the measurement or if the updated lower or
updated upper threshold is lower than a preset threshold, as shown at block 522. If
not, the method of Figure 5 repeats at the next time slot. - _ |

The method in Figure 5 may not require all sensors to transmit. For example,
only sensors that have information of interest,' i.e., with high measurements or
readings, will transmit. Therefore, a number of transmissions from the sensors is
reduced. For example, instead of each sensor transmitting periodically, only sensors
with readings that meet thresholds or that are within a range of thresholds will
transmit. Moreover, once thresholds are updated and a higher réading is detected,
sensors with lower readings will not need to transmit. For example, with 100 sensors
in' an aquatic environment, an average number of transmissions using the method of
Figure 5 has been found to be about 5. Thus, only about 5% of the original number of -
transmissions is required.

Because a number of transmissions ‘from the sensors is reduced, energy
consﬁmption by the sensors is also reduced by fhe reduction in radio transmission.
This, in turn, helps increase battery life of each sensof, which prolongs periods over
which a network can be operated without requiring routine maintenance due to battery
replacement. _

Figure 6 is another flowchart that depicts example steps of communicating
between sensors and a central monitoring station. As with the flowcharts of Figures 4
and 5, each block may represent a module, a segment, or a portion of program' code,
which includes one or more instructions executable. by a processor for implementing
specific logical functions or steps in the process. In addition, each block may
represent circuitry that is wired to perform the specific logical functions in the
process. _ '

The method of Figure 6 maiy be performed by a central monitoring station,
such as the central monitoring station 104 in: Figure 1. The method may be performed
to locate or identify a sensor that has a highest (or lowest) sensor reading or

measurement in an area.
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" The central monitoring station will monitor received signals from sensors, and

‘based on a number of received signals, the central monitoring station may take

secondary action, as shown at block 602. If during a monitoring time slot, the central
monitoring station does not receive any signals from sensors (or does not receive a
satisfactory number of signals to make an assessment of the quality of the
environment), the central monitoring station may broadcast a signal to all sensors
indicating to transmit lower measurement values, or‘simply indicating to those sensors
with lower measurement values to transmit, as shown at block 604. For example, if
no signals are received, this may indicate that no sensor made a reading that was
within a lower and upper threshold range, and thus, ‘no reading qualified to be
transmitted to the central monitoring station. Alternatively, if no signals are received,
this may indicate that no sensor made a reading of a high enough value so as to trigger
a transmission to the central monitoring station. Thus, the central monitoring station A
may instruct the sensors (through a broadcast, for example) to lower a threshold for
determining whether to transmit a signal so that lower readings may be transmitted.
When no signals are received, default values of the thresholds for a qualifying reading -
were set too high, and thus, the central monitoring station will instruct the sensors to
lower the thresholds, for example. |

Still alternatively, the.monitoring station may perform step 602 if less than a
Satisfactory number of sensors transmitted signals (rather than if no sensors
transmitted signals). For example, based on a characteristic being monitored by the
sensors, a given number of transmissions may be needed to make an assessment of the
quality of the environment. |

If the central monitoring station receives multiple signals, the central
monitoring station may broadcast a signal indicéting to fransmit higher measurement
values, as shown at block 606. For example, if many signals are received, the central
monitoring station will attempt to identify a sensor that records the highest reading (or
worst condition) by raising the threshold values used by sensors to determine whether
to transmit a signal. _

A number of signals that need to be received to trigger step 606 may vary. For
example, if the method 600 is performed to identify the sensor with the highest
reading, then step 606 may be performed if two or more signals. are received.

However, if the method 600 is performed to identify a small area that may be
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polluted, and then step 606 may be pei'formed only if 10 or more signals are réceivcd
SO as tb filter the number of signals (e.g., number of sensors transmitting) down to
about 10, for example.

If multiple signals are received, the central monitoring station may declare that
a collision has occuired. When a collision occurs, the central monitoring station may
not be able to decode what was transmitted by any of the transniitting sensors if the
signals interfe-re. with each other. The monitor inay declare that a collision has
occurred when more than a desired amount of signals are received, for example. The
central monitor can determine that a collision has occurred, for example, by
identifying an increase in received signal power during a time slot £.

As mentioned, the method 600 may also be performed to identify or locate a

-sensor with a lov‘vest reading, and if so, steps 604 and 606 may be switched so that if

no signals are received, the central monitoring station may transmit a signal indicating
to transmit higher measurement values, and if multiple signais are received, the
central monitoring station may transmit a signal indicating to transmit lower
measurement values, for example. ' '

The steps 604 and 606 may be perfdrmed in response to receiving or not
receiving signals from sensors during' a given time slot. Further, the steps 604 and
606 may be repeated during each subsequent time slot until a success is determined,
such as, for example, uritil one signal is receivéd from the sensors. Once a successful
result is received, the central monitoring station may indicate to the sensors when to
obtain a new measurement and to begin a ilew sequence of transmissions.

Success may be deiermined in other ways as well. For example, if one or a
small number of sensors transmitted signals, then a success may be determined. A
small number of sensors may be between 2-10 or other values based on a total number
of sensors that are in'the environment. For example, if thé environment includes 1000
sensors, then a success may be determined when 50 or less sensors transmit a signal,
so that the 50 sensors with the highest readings have been identified. The number of
serisors that transmitted may be inferred, for example, from the receive signal Iiower
as measured by the monitoring station. |

Still alternatively, a success may be determined if a percentage of sensors have
transmitted, such as only about 2% to about 5% of the sensors in the environment.

The number of sensors or determination of success thus may depend on a number of
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sensors in the environment, and also may depend on a characteristic being monitored
and a number of measurements needed to make an assessment of the characteristic in

the environment. Thus, as still another example, a success may be determined when a

" number of sensors below a threshold number have transmitted.

The methods presented in Figure 6 may filter out sensor signals so as to
eventually receive a signal from only the sensor whose measurement is the highest or
lowest, for example. Thus, when the central moﬁitoring station receives only one
signal, the central monitoring station may determine that the sensor from which the
signal was transmitted has the highest measurement, for example.v In this manner, the:
method may be used for monitoriﬁg distributed sensor networks.

.Figure 7 is an example graph of simulations performed to estimate how many
time slots were required to identify a highest measurement. The plot illﬁstrates an .
average number of time slots required to find a sensor with a highest reading as a
function of a total number of sensors in the network. As seen in Figure 7, on average,
about 2.5 time slots or less are required to find the highest measurement even when a
number of sensors is large. For example, the average number of time slots required is
about 2.3 for 5 sensors, and increases to about 2.45 when the number of sensors
increases to 50. For fewer number of sensors, the average number of time slots
required is less.. The time can be further reduced if optimizations are used, such as
terminatihg the process when it is determined that a maximum reading caﬁnot exceed
an alarm threshold, for example. |

As mentioned, on average, about 2.5 time slots or less are required to find 'the
highest measurement. In contrast, a centralized polling algorithm in which a monitor
listens to all nodes would require much more time. For example, with 100 sensors, an
alarm can be triggered on average within 2.5 time slots using the methods of Figure 4-
6 as opposed to about 500100 time slots as required by the centralized algorithm.

The methods of Figures 4-6 can determine in realOtime if secondary action
may be required. Because the methods may determine within a handful of time slots
whether secondary action is required or not, the central monitoring station may be free
to monitor other networks deployed} in the environment without sacrificing real Otime
monitoring rates of any of the sensor networks, for example, or to monitor other
parameters such as pressure, temperature, oxygen once monitoring quality of the

environment has been completed.
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Figure 8 is a block diagram illustrating an example computing device 800
arranged for sensing characteristics of an environment, or alternatively, arranged as a
central monitoring station for receiving signals from sensors in an environment. In a
very basic conﬁgurétion 801, computing device 800 typically includes one or more
processors 810 and system memory 820. A memory bus 830 can be used for
communicating between the processor 810 and the system memory 820.

Depending on the desired configuration, proéessor 810 can be of any type
including but not limited to a microprocessor (uP), a microcontroller (uC), a digital:
signal processor (DSP), or any combination thereof. Processor 810 can include one
more levels of caching, such as a level one cache 811 and a level two cache 812, a
processor core 813, and registers 814. The processor core 813 can include an
arithmetic logic unit (ALU), a floating point unit (FPU), a digital signal proceésing
core (DSP Core), or any combination thereof. A memory controller 815 can also be
used with the processor 810, or in some implementations the memory cdntroller 815
can be an internal part of the processorv 810.

Depending on the desired configuration, the system memory 820 can be of any
type including but not limited to volatile memory (such as RAM), non-volatile
memory (such-as ROM, flash- memory, eté.) or any combination thereof. System
memory 820 typically includes an operating system 821, one or more applications
822, and_program data 824. Application 822 includes algorithms 823 that may be
arranged to perform any of the functions shown in Figures 4-6, for example,
depending on a cpnﬁguratipn of the computing device 800. Program Data 824
includes data corresponding to the bits of a received preamble, and bits loaded within
an LFSR 825. In some example embodiments, application 822 can be arranged to
operate with program data 824 on an operating system 821. This described basic
configuration is illustrated in Figure 8 by those components within dashed line 801.

Computing device 800 can have additional features or functionality, and
additionél interféces to facilitate commuhi_cations between the basic configuration 801
and any required devices and interfaces. For example, a bus/interface controller 840
can be used to facilitate communications betwee;n the basic configuration 801 and one
or more data storage devices 850 via a stdrage interface bus 841. The data storage
devices 850 can be removable storage devices 851, non-removable storage devices

852, or a combination thereof. Examples of removable storage and non-removable
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storage devices include magnetic disk devices such as flexible disk drives and hard-
disk drives (HDD), optical disk dﬁves such as compact disk (CD) drives or digital
versatile disk (DVD) drives, solid state drives (SSD), and tape drives to name a few.
Example computer storage media can include volatile and nonvolatile, removable and
non-removable media implemented in any method or technology for storage of
information, such as computer readable 'instructions, data structures, program
modules, or other data. ' . _ '

System mémory 820, removable stbrage 851 and non-removable storage 852
are all examples of computer storage fnedia. Computer storage media includes, but is
not limited to, RAM, ROM, EEPROM, flash memory or other memory technology,
CD-ROM, digital versatile disks (DVD) or other optical storage, magnetic cassettes,
magnetic tape, magnetic disk storage orr other magnetic storage devices, or any other
medium which can be used to store the desired information and which can be

accessed by computing device 800. Any such computer storage media can ‘be part of

device 800.

Computing device 800 can also include an interface bus 842 for facilitating
communication from various interface devices (e.g., output inierfaces, peripheral
interfaces, and communication in’terfaées)_ to the basic configuration 801 via the
bus/interface controller 840. Example output interfaces 860 include a graphics
processing unit 861 and an audio processing unit 862, which can be configured to
communicate to various external devices such as a display or speakers via one or
more A/V ports 863. Example peripheral interfaces 860 include a serial interface
controller 871 or a parallel interface controller 872, which can be configured to
communicate with external devices such as input devices (e.g., keyboard, mouse, pén,
voice input device, touch input device, 'etc.') or other peripheral devices (e.g., printer,
scanner, etc.) via one or more I/O ports 873.. An example communication interface
880 includes a network controller 881, which can be arranged to facilitate
communications with one or more other computing devices 890 over a network
communication via one or more communication ports 882. The communication
connection is one example of a cominunication media. Communication media may
typically be embodied by computer readable instructions, data structures, program
modules, or other data in é modulated data signal, such as a carrier wave or other

transport mechanism, and includes any information delivery media. A “modulated
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data signal” can be a signal that has one or more of its characteristics set or changed
in such a manner as to encode information in the signal. By way of example, and not
limitation, communication media can include wired media such as a wired network or
direct-wired connection, and wireless media such as acoustic, fadio frequency (RF),
infrared (IR) and other wireless media. The term computer readable media as used
herein can include both storage media and communication media.

Computing device 800 can be implemehted as a portion of a small-form factor
portable (or mobile) electronic device such as a cell phone, a personal data assistant

(PDA), a personal media player device, a wireless web-watch device, a personal

" headset device, an application specific device, or a hybrid device that include any of

the above functions. Computing device 800 can also be implemented as a personal
computer including both laptop computer and non-laptop computer configurations.

While various éspects and »embod_iments have been disclosed herein, other
aspects and embodiments will be apparent to those skilled in the art. The various
aspects and embodiments disclosed herein are for purposes of illustration and are not
intended to be limiting, with the ti'ue scope and spirit being indicated by the following
claims.

The® present disclosure is not to ‘be limited in terms of the particular
embodiments described in this application, which are intended as illustrations of
various aspects.. Many modifications and variations can be made without departing
from its spirit and scope, as will be apparent to those skilled in the art. Functionally
equivalent methods and apparatuses within the ‘scope of_ the disclosure, in addition to
those enumerated herein, will be apparent to those skilled in the art from the
foregoing descriptions. Such modifications and variations are intended to fall within
the scope of the appended claims. The present disclosure is to be limited only by the
terms of the appended claims, along with the full scope of equivalents to which such
claims are entitled. It is to be understood- that this disclosure is not limited to
particular methods, reagents, compounds compositions or biological systems, which A
can, of course, vary. It is also to be understood that the terminology used herein is for
the purpose of describing particular embodiments only, and is not intended to be
limiting, - |

With respect to the use of substantially any plural and/or singﬁlar terms herein,

those having skill in the art can translate from the plural to the singular and/or from
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the singulaf to the plufal as is appropriate to the context and/or application. The
various singular/plural permutations may be expressly set forth herein for sake of
clarity. : _

It will be understood by those within the art that, in general, terms used herein,
and especiélly in the appended claims (e.g., bodies of the appended claims) are
generally intended as “open” terms (e.g., the term “including” should be interpreted as
‘;including but not limited to,” the term “having” should be interpreted as “having at
least,” the term “includes” should be interpreted as “includes But is not limited to,”
etc.). It will be further understood by those within the art that if a specific number of
an introduced claim recitation is intended, such an intent will be explicitly recited in
the claim, and in the absence of such recitation no such intent is present. For
example, as an aid to understanding, the following appended claims may contain
usage of the introductory phrases "at leas}t one" and "one or more" to introduce claim
recitations. However, the use of such phrases should not be construed to imply that
the introduction of a claim recitation by the indefinite articleé "a" or "an" limits any
particular claim containing such introduced claim recitation to embodiments
containing only one such recitation, éven when the same ‘claim includes the
introductory phrases "one or more" or "at least one" and indefinite articles such as "a"
or "an" (e.g., “a” and/or “an” should be interpreted to mean “at least one” or “one or
more”); the same holds true for the use of definite articles used to introduce claim
recitatidns. In addition, even if a specific number of an introduced claim recitation is
explicitly recited, those skilled in the art will recognize that such recitation should be
interpreted to mean at least the recited number (e.g., the bare recitation of "two
recitations," without other modifiers, means at least two recitations, or two or more
recitations). - Furthefmore, in those instances where a convention analogous to “at
least one of A, B, and C, etc.” is used, in general such a construction is intended in the
sense one having skill in the art would understand the convention (e.g., “ a system
having at least one of A, B, and C” would include but not be limited to systems that
have A alone, B alone; C alone, A and B together, A.and C together, B and C together,
and/or A, B, and C together, etc.). In those instances where a convention analogous to
“at least one of A, B, or C, etc.” is used, in geheral such a con_strﬁction is intended in
the sense one having skill in the art would understand the convention (e.g., “ a system

having at least one of A, B, or C” would include but not be limited to systems that
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have A alone, B alone, C Aalone, A and B together, A and C together, B and C together,
and/or A, B, and C together, etc.). It will be further understood by those within the art
that virtually any disjunctive word and/or phrase presenting two or more alternative
terms, whether in the description, claims, or drawings, should be understood to-
contemplate the possibilities of including one of the terms, either of the terms, or both
terms. For example, the phrase “A or B” will be understood to include the
possibiiities of “A” or “B” or “A and B.”

In addition, where features or aspects of the disclosure are described in terms
of Markush groups, those skilled in the art will recognize that the disclosure is also
thereby described in terms of any individual member or subgroup of members of the
Markush group.

* As will be understood by one skilled in the art, for any and all purposes, such
as in terms of providing a written description, all ranges-disclosed herein also
encompass any and all possible subranges and combinations of subrangés thereof. Any
listed range can be easily recognized as sufficiently describing and enabling the same
range being broken down into at least equal halves, thirds, quarters, fifths, tenths, etc.
As a non-limiting example, each range'discussed herein can be readily broken down
into a lower third, middle third and uppér third, etc.. As will also be understood by one

9 &¢

skilled in the art all language such as “up to,” “at least,” “greater thén,” “less than,”
and the like include the number recited and refer to ranges which can be subsequently
broken down into subranges as discussed above. Finally, as will be understood by one
skilled in the art, a range includes each individual ~member. Thus, for example, a group
having 1-3 cells refers to groups having 1, 2, or 3 cells. Similarly, a group having 1-5
cells refers to groups having 1, 2, 3, 4, or 5 cells, and so forth. '
While various aspects and embodiments have been disclosed herein, other
aspects and embodiments will be apparent to those skilled in the art. The various
aspects and embodiments disclosed herein are for purposes of illustration and are not

intended to be limiting, with the true scope and spirit being indicated by the following

claims.
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What is claimed is:
1. A method of transmitting measurements of a sensor, the method comprising:

receiving a measurement by a sensor unit; .

during a first time slot, transmitting a signal to a monitoring station if the
measurement is approximately between a lower and an upper threshold;

receiving a broadcast from the monitoring station;

based on the broadcast, updating the lower and the ui)per threshold for use .
during a subsequent time slot;

making a determination whether the updated lower threshold or the
updated upper threshold is lower than a minimum value for the lower and npper
threshold; and - |

based on the determination, performing a subsequent transmission during
the subsequent time slot if the measurement is approximately between the .
updated lower and the updated upper threshold. |

2."  The method of claim 1, further c'emprising (i) performing additional

subsequent transmissions during subsequent time slots if the measurement is

- approximately between the updated lower and the updated upper threshold for use

during the respective subsequent time slot, (ii) receiving the broadcast from the
inonitoring station, and (iii) based on the broadcast, updating the updated lower and
the updated upper threshold until the bfoadcast from the mo'nitoriné station indicates
to discontinue transmission.

3. The method according to claims 1 or 2, wherein, if the updated lower

threshold or the updated upper threshold is lower than the minimum value for the

- lower and upper threshold, performing no subsequent transmission.

4. The method as in any ene of claims 1, 2, and 3, wherein receiving the
broadcast from the monitoring station compriées receiving an idle message, and
wherein updating the lower threshold compriseé decreasing the lower threshold by
1/n, where n is‘ a number of sensors in an environment, wherein the idle message
indicates that the monitoring station has not received a sufficient number of signals to
make an assessment.

5. The method as in any one of the preeeding claims, wherein the signal

indicates a magnitude of the measurement.

26



10

20

25

WO 2011/121387 PCT/1IB2010/002009

6. The method as in any one of the preceding claims, wherein the signal
indicates that the measurement is within the lower and upper threshold.

7. The method as in any one of the preceding claims, further
comprising, at a beginning of the first time slot, calculating the lower and the

ﬁpper threshold as follows:

(-2}

H, (k ) =1
where 7 is a number of sensors in an environment, (k ) is the lower threshold at

time slot &, and F1 H (k ) is the upper threshold at time slot &.

8. The method of claim 7, wherein receiving the broadcast from the
monitoring station comprises receiving a collision message, wherein the collision
message indicates that the Amovnitoring station has received multiple signals from
sensors, and wherein updatmg the lower and the upper threshold comprises increasing

the lower threshold and holdmg the upper threshold substantially constant.

9. The method of claim 8, wherein increasing the lower threshold and
holding the upper threshold constant comprises updating the lower and the upper
threshold as follows:

(k1) Q1)

Hy(k+1)=H,(k).
10. -The method of claim 72 wherein receiving the broadcast from the

monitoring station comprises receiving an idle message, and if no collision has

occurred in the past, updating the lower and the upper threshold comprises decreasing

the lower and the upper threshold, wherein the idle message indicates that the
monitoring station has not received a sufficient number of signals ‘to make an

assessment and wherein a collision occurs when the monitoring station has received

“multiple signals from sensors.

11. The method of claim 10, wherem decreasing the lower and the upper

threshold comprlses updatlng the lower and the upper threshold as follows:
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H,(k+1)=H,(k),and

HL(k+1)=(1—gC;+—l—)).

12.  The method of claim 7, wherein receiving the broadcast from the
monitoring station comprises rec‘eiving an idle message, and if a collision has

occurred in the past, updating the lower and the uf)per threshold comprises decreasing

an interval between the lower and the upper threshold, wherein the idle message

indicates that the momtormg station has not received a sufficient number of signals to
make an assessment and wherel_n a collision occurs when the monitoring station has
received multiple signals from sensors.

13.  The method of claim 12, wherein decreasing the interval between the
lower and the upper threshold comprises .updating the lower and the upper threshold
as follows:

H,(k+1)=H,(k), and
H,(k+1)=H, (k)‘_-(HH(k); HL(k))

14. . A method of transm_itting measurements of a plurality of sensors within

an environment, the method comprising: .

each of the plurality of sensors making a measurement;

each of the plurality of sensors transmitting a signal to a monitoring
station during a time slot when the measurement of the sensor is apbro,ximately
between a lower and an upper threshold, such that only sensors with
measurements between the lower and the upper threshold transmit a signal to the
monitoring station; A

each of the plurality of sensors receiving a broadcast from the monitoring
station;

based on the broadcast, each of the plurality of sensors updating the lower
and the upper threshold for use during a subsequent time slof;

each of the plurality of sensors ‘m;aking a determination whether the
updated lower threshold or updated upper threshold is lower than a minimum

value for the lower and upper threshold; and
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based on the determination, each of the plurality of sensors performing
subsequent transmissions during subsequent time slots if the measurement of the
sensor is approximately between the updated lower and the updated upper
threshold for the respective subsequent time slot, such that over time a lower
number.of sensors perform subsequent transmissions, wherein if the updated
lower threshold or the updated upper threshold is lower than the minimum value
for the lower and upper threshold each of the plurality of sensors performing no
subsequent transmissions.

15.  The method of claim 1.4; wherein receiving the broadcast from the
monitoring station comprises receiving a collision message, wherein the collision
message indicates that the monitoring station has received multiple signals from
multiple sensors, and wherein updating the lower and the upper threshold for use
during a subsequent time slot comprises increasing the ldwer threshold and holding
the upper threshold substantially constant. 7

16.  The method of claim 14, wherein receiving the broadcast from the
monitoring station comprises recéiving an idle message, and if no collision has
occurred in the past, updating the lower -and the upper threshold for use during a
subsequent time slot comprises decreasing the lower and the upper thréshold, wherein
the idle message indicates that the monitoring station has not.received a sufficient
number of signals to make an assessment and wherein a collision oééurs' when the
monitoring station has received multiple signals from multiple sensors.

17. The method of claim 14, wherein receiving the. broadcast from the

monitoring station comprises receiving a success message, wherein the success

message indicates that only about one sensor to about 5% of the plurality of sensors

transmitted a signal to the monitoring station. .

18. A sensor comprising:

a sensor unit to obtain measurements of characteristics of an ehvirbnment;

a transceiver coupled to the sensor unit to transmit a signal to a monitoring
station during a first time slot if the measurement is approximately between a
lower and an upper threshold, the transceiver further for receiving a broadcast
from the monitoring station; and |

a processing unit coupled to the sensor unit and the transceiver, the

processing unit for updating the lower and the upper threshold based on the
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broadcast received from the monitoring station for use during a subsequent time
slot, wherein if the updated lower threshold or the updatéd upper threshold is
lower than a minimum value for the lower and upper threshold, the processing
unit directs the transceiver to perform no subsequent transmissions.

19. The sensor of claim 18,'wherein the transceiver receives a collision
messeige from the monitoring station, wherein the collision message indicates that the
monitoring station has received multiple signé‘ls: from sensors, and wherein the
proceésing unit updates the lower and the upper threshold by increasing the lower
threshold and holding the upper threshold constant.

20. The sensor of claim 18, wherein the transceiver receives an idle
message, and if no collision has occurred in the past, the processing unit updates the
lower and the upper threshold by decreasing the lower and the upper threshold,
wherein the idle message indicates that the monitoring station has not received a
sufficient number of signals to make an assessment and wherein a collision occurs

when the monitoring station has received multiple signals from sensors.
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