
(19) United States 
US 20090287.447A1 

(12) Patent Application Publication (10) Pub. No.: US 2009/0287.447 A1 
CORWIN et al. 

(54) REMOTE MONITORING SYSTEM 

Wallace Dale CORWIN, Bend, OR 
(US); Michael Shayne WALKER, 
Redmond, OR (US); Budd William 
BEATTY, Gambler, OH (US) 

(75) Inventors: 

Correspondence Address: 
NELSON MULLINS RLEY & 
OUGH, LLP 
1320MAINSTREET, 17TH FLOOR 
COLUMBIA, SC 29201 (US) 

SCARBOR 

JELD-WEN, INC., Klamath Falls, 
OR (US) 

(73) Assignee: 

(21) Appl. No.: 12/509,064 

(22) Filed: Jul. 24, 2009 

Related U.S. Application Data 

(60) Division of application No. 11/513,615, filed on Aug. 
31, 2006, now Pat. No. 7,574,320, which is a continu 

(43) Pub. Date: Nov. 19, 2009 

ation of application No. 11/003,911, filed on Dec. 3, 
2004, now Pat. No. 7, 130,757. 

(60) Provisional application No. 60/526,462, filed on Dec. 
3, 2003. 

Publication Classification 

(51) Int. Cl. 
GOID L/00 (2006.01) 

(52) U.S. Cl. ........................................................ T02/127 
(57) ABSTRACT 

A remote monitoring system is disclosed. In one Such 
embodiment, a system may comprise a first measuring unit 
disposed within a structure, a first processor disposed in 
operative communication with the first measuring unit, and a 
second processor disposed within the structure. The first mea 
Suring unit may comprise a first sensor adapted to detect a first 
parameter. The first measuring unit may be adapted to output 
a first signal associated with the first parameter. The first 
processor may be adapted to receive the first signal and to 
control the first measuring unit. The second processor may be 
disposed in operative communication with the first measuring 
unit and the first processor. 
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REMOTE MONITORING SYSTEM 

RELATED APPLICATION AND CLAIM FOR 
PRIORITY 

0001. This application is a continuation of co-pending 
U.S. patent application Ser. No. 1 1/003,911, entitled, 
“Remote Monitoring System, filed on Dec. 3, 2004, now 
allowed, which claims priority to U.S. Provisional Patent 
Application No. 60/526,462, entitled “Remote Monitoring 
System.” filed on Dec. 3, 2003, the priority benefit of which is 
claimed by this application, and each of which is incorporated 
in its entirety herein by reference. 

NOTICE OF COPYRIGHT PROTECTION 

0002. A portion of the disclosure of the patent document 
and its figures contain material Subject to copyright protec 
tion. The copyright owner has no objection to the facsimile 
reproduction by anyone of the patent document, but other 
wise reserves all copyrights whatsoever. 

FIELD OF THE INVENTION 

0003. The present invention relates generally to monitor 
ing systems, and more particularly, to monitoring systems 
operable to transmit data related to a building or structure to 
a remote location. 

BACKGROUND 

0004 Excessive humidity and temperature extremes may 
place stress on the integrity of building structures. Such tem 
perature and moisture extremes can cause building materials 
to shrink and swell thereby deforming the structure. The 
strain on building materials is particularly detrimental on 
those structures, such as windows and doors, that provide an 
interface between the inside and outside of a building. Also, 
windows and doors typically include a variety of different 
materials and/or parts which need to be able to move in 
relation to each other while maintaining the overall integrity 
of the unit. Under conditions of extreme humidity and tem 
perature, both windows and doors may develop leaks where 
air or moisture can enter a building. Excessive humidity and 
temperature extremes may result in loss of integrity to the 
point that the window or door needs to be repaired or 
replaced. 
0005. A variety of monitoring systems have been devel 
oped to detect specific parameters of interest. For example, 
monitoring systems are described to monitor environmental 
conditions such as rainfall, Smoke, or carbon monoxide (e.g., 
U.S. Pat. Nos. 5,892,690, 5,914,656, 6,570,508, and 6,452, 
499). Still, these systems are designed as one-way conveyors 
of information and thus, do not allow for a user remote from 
the point of data collection to modify the system, or to 
remotely interact with the system in a proactive manner. 
0006 Monitoring systems may be used in buildings to 
monitor moisture and temperature (e.g., U.S. Pat. Nos. 5,844, 
138 and 6.377,181). Known monitoring systems may include 
a relative humidity sensor, a temperature sensor, and a micro 
processor and memory (e.g., HOBOR) data logging unit 
manufactured and sold by Onset Computer Corporation, 
Bourne, Mass.). In general. Such systems must be locally 
accessed for data retrieval. Also, Such systems do not allow 
for remote control of the system (i.e., Such as allowing the 
user to change the measurement parameters). Thus, Such 
systems require that a specially trained individual visit each 
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monitoring station to obtain the data required for analysis. 
Thus, while Such systems may provide the historical data 
necessary to perform a forensic analysis, such systems may 
be ineffective in detecting and providing notification of the 
risk of a future water intrusion event. 
0007 Thus, what is needed is a system for the non-de 
structive monitoring of a building that allows changes in 
humidity and/or temperature associated with a loss of struc 
tural integrity to be assessed. Also, what is needed is a system 
that is able to compile and simultaneously analyze data from 
a plurality of sensors such that the conditions in one building 
may be compared to conditions at similarly situated build 
ings. In this way, changes prognostic of a loss of building 
integrity may be detected and repaired in a cost-effective 
a. 

SUMMARY 

0008. The present invention may provide remote monitor 
ing systems and methods. An exemplary system may monitor 
changes in certain physical parameters at a particular site, 
e.g., in a building. For example, the present invention may 
provide systems and methods that may monitor and analyze 
the integrity of a window, a door, or a plurality of windows 
and/or doors, in one or more buildings. Additionally, the 
present invention may control the sampling of data from a 
plurality of remote sites, and analyze the data Such that 
changes over time may be monitored. 
0009 Monitoring may be used to determine whether the 
windows and/or doors in a particular building are structurally 
intact. Such monitoring may be performed by measuring 
temperature and humidity inside of a wall cavity and then 
making comparisons between the exterior and interior read 
ings of predetermined physical parameters, such as humidity 
and temperature. Water and/or air intrusion events may be 
detected and resolved before damaging the structure. 
0010. In one embodiment, the present invention may pro 
vide a remote monitoring system to measure and detect 
changes in temperature, absolute humidity, and relative 
humidity in the proximity of a window unit. In another 
embodiment, the system may able to warn an individual that 
a high risk situation exists, such that preventative measures 
may be taken to avoid further deterioration of the building 
and/or window unit. 
0011. An embodiment of the present invention may com 
prise a first measuring unit disposed within a structure, a first 
processor disposed in operative communication with the first 
measuring unit, and a second processor disposed within the 
structure. The terms “communicate' or “communication' 
mean to mechanically, electrically, optically, or otherwise 
contact, couple, or connect by either direct, indirect, or opera 
tional means. 
0012. The first measuring unit may comprise a first sensor 
adapted to detect a first parameter. The first measuring unit 
may be adapted to output a first signal associated with the first 
parameter. The first processor may be adapted to receive the 
first signal and to control the first measuring unit. The second 
processor may be disposed in operative communication with 
the first measuring unit and the first processor. 
0013 Another embodiment of the present invention may 
comprise a plurality of first measuring units disposed within 
a building a wireless network disposed in communication 
with the plurality of first measuring units, and a remote pro 
cessor disposed in communication with the wireless network. 
Each one of the plurality of first measuring units may com 
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prise a first sensor adapted to detect a first parameter. Each 
one of the first measuring units may be adapted to output a 
first signal associated with the first parameter. The remote 
processor may be adapted to receive the first signal from the 
wireless network and to control the plurality of first measur 
ing units. 
0014 Still another embodiment of the present invention 
may comprise detecting by a first sensor a first parameter, 
generating by a first measuring unit a first signal associated 
with the first parameter, and communicating the first signal to 
a remote processor operable to control the first measuring 
unit. The first sensor may be disposed in operative commu 
nication with the first measuring unit. The remote processor 
may be disposed in operative communication with the first 
measuring unit. 
00.15 Yet another embodiment of the present invention 
may comprise associating a first value of a first parameter 
measured by a first sensor at a first time with a first geometric 
shape comprising a first size, associating a second value of the 
first parameter measured by the first sensor at a second time 
with a second geometric shape comprising a second size, and 
displaying the first and second geometric shapes Superposed 
on a graphic representation of a structure. A position of the 
displayed first and second geometric shapes may correspond 
to a position of the first sensor disposed in the structure. 
0016. In an embodiment, the present invention may pro 
vide a system adapted to monitor and analyze the integrity of 
a window, or a plurality of windows, in one or more buildings. 
In yet a further embodiment, the present invention may con 
trol the sampling of data from a plurality of remote sites, and 
analyze the data such that changes over time may be moni 
tored. Such an exemplary system may be able to detect when 
the integrity of the structure has fallen below a certain prede 
termined limit. Such that preventative maintenance may be 
performed. 
0017 For example, in an embodiment, the present inven 
tion may comprise a remote monitoring system comprising: a 
plurality of measuring units comprising at least one type of 
sensor able to measure a physical parameter of interest that 
are placed at a plurality of sites; a wireless network in com 
munication with the plurality of measuring units; a central 
processing unit in remote communication with the wireless 
network; and a computer program that allows a user to control 
communication of the plurality of measuring units with the 
wireless network and the processing unit. 
0018. In an embodiment, a computer processor may com 
pile and analyze data collected by the network. Also in an 
embodiment, the measuring units comprise sensors able to 
measure temperature. Alternatively, and/or additionally, the 
measuring units may comprise sensors able to measure 
humidity and/or relative humidity, among other physical 
parameters. AS is known in the art, relative humidity is the 
ratio of the amount of water vapor actually present in the air 
to the greatest amount possible at the same temperature. 
0019. The sensors may be used to measure any physical 
parameter of interest. Where the sensors measure temperature 
and/or relative humidity, at least some of the sensors may be 
placed in proximity to a plurality of window structures to 
detect a potential loss of integrity in the window structure. 
0020. In another embodiment, the present invention may 
comprise a remote monitoring system comprising: a plurality 
of measuring units comprising at least one type of sensor able 
to measure temperature and humidity that are placed in proX 
imity to a plurality of sites; a wireless network in communi 
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cation with the plurality of measuring units; a central process 
ing unit in communication with the wireless network; and a 
computer program which allows a user to control communi 
cation of the plurality of measuring units with the wireless 
network and the central processing unit, and wherein the 
computer program compiles and analyzes data collected by 
the network. In an embodiment, the sensor may be adapted to 
measure relative humidity. Also in an embodiment, the sys 
tem may comprise an interface board that connects the plu 
rality of measuring units to the network. 
0021. In yet another embodiment, the present invention 
may comprises a computer-implemented method for moni 
toring a plurality of measuring units comprising at least one 
type of sensor, wherein the sensors are placed in proximity to 
a plurality of predetermined sites, and further comprising a 
wireless networkin communication with the plurality of mea 
Suring units; a central processing unit in communication with 
the wireless network, and a computer program, which may 
allow a user, through a graphical user interface, to control 
communication of the plurality of measuring units with the 
wireless network and the central processing unit, and wherein 
the computer program compiles and analyzes data collected 
by the network. 
0022. Also in an embodiment, the measuring units may 
comprise sensors able to measure temperature. Alternatively, 
and/or additionally, the measuring units may comprise sen 
sors able to measure humidity and/or relative humidity. 
0023 The present invention also comprises computer 
readable medium on which is encoded programming code for 
monitoring a plurality of measuring units comprising at least 
one type of sensor which are placed in proximity to a plurality 
of predetermined sites and further comprising a wireless net 
work in communication with the plurality of measuring units: 
a central processing unit in communication with the wireless 
network; and a computer program which allows a user to 
control communication of the plurality of measuring units 
with the wireless network and the central processing unit, and 
wherein the computer program compiles and analyzes data 
collected by the network. Also in an embodiment, the mea 
Suring units comprise sensors able to measure temperature. 
Alternatively, and/or additionally, the measuring units may 
comprise sensors able to measure humidity and/or relative 
humidity. 
0024. Embodiments of the present invention offer a wide 
variety of advantages and features. For example, one advan 
tage and feature of the present invention is to provide a system 
that avoids costly and destructive testing methods often used 
in the field to assess loss of integrity in building structures. 
Because the system is remote, the need for an individual to go 
to the site where the sensors are placed is minimized. 
0025. Also, the present invention may provide a wireless 
mesh network of sensors, such as for example temperature 
and relative humidity sensors, that allow for tracking and 
analyzing window units exposed to various environmental 
conditions. In this way data use and acquisition may be maxi 
mized. 

0026. Yet another advantage and feature of the present 
invention may be to provide a database for compiling and 
analysis of data from various locations. By comparing data 
collected from a large number of units at a wide variety of 
locations, various parameters important to the loss of struc 
tural integrity of windows and other building units or systems 
may be assessed, modeled, and predicted. 
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0027. Also, another advantage and feature of the present 
invention may be to provide a means to evaluate the relative 
risk that a building, or structural unit within a building, may 
develop a leak or other type of loss in efficiency. Thus, the 
present invention may provide a signal notifying an indi 
vidual monitoring the system that a there is an increased risk 
that a building unit (or structural part thereof) is in danger of 
developing a leak or other type of structural deformity. In this 
way, proactive measures may be taken to address the situation 
before damage may occur. Also, Such information is useful in 
forensic analysis of failed systems (including catastrophic 
analysis) and the design of windows and/or doors. 
0028. The present invention may be better understood by 
reference to the description and figures that follow. It is to be 
understood that the invention is not limited in its application 
to the specific details as set forth in the following description 
and figures. The invention is capable of other embodiments 
and of being practiced or carried out in various ways. 

BRIEF DESCRIPTION OF THE FIGURES 

0029. These and other features, aspects, and advantages of 
the present invention are better understood when the follow 
ing Detailed Description is read with reference to the accom 
panying drawings, wherein: 
0030 FIG. 1 shows a schematic drawing of a system in 
accordance with an embodiment of the present invention. 
0031 FIG. 2 shows a schematic drawing of information 
flow in the system of FIG. 1. 
0032 FIG.3 shows a table of data compiled from a system 
according to an embodiment of the present invention. 
0033 FIGS. 4A and 4B show line charts of data compiled 
from a system according to another embodiment of the 
present invention. 
0034 FIG. 5 shows a graphical representation of data 
compiled from a system according to still another embodi 
ment of the present invention. 
0035 FIG. 6 shows a data circle of the graphical represen 
tation of FIG. 5. 
0036 FIG.7 shows a method according to an embodiment 
of the present invention. 
0037 FIG. 8 shows a method according to another 
embodiment of the present invention. 
0038 FIG. 9 shows a user interface according to an 
embodiment of the present invention. 
0039 FIG. 10 shows a logging menu according to an 
embodiment of the present invention. 
0040 FIG. 11 shows a set-up dialog menu in accordance 
with an embodiment of the present invention. 
0041 FIG. 12 shows an alarm user interface according to 
an embodiment of the present invention. 
0042 FIG. 13 shows an event user interface according to 
an embodiment of the present invention. 

DETAILED DESCRIPTION 

0043 Embodiments of the present invention provide 
remote monitoring systems and methods. A variety of sys 
tems and methods may be implemented according to the 
present invention, and they may operate in a variety of envi 
ronments. By way of introduction and example, the Subject 
matter of the present invention in one embodiment may relate 
to monitoring changes in predetermined physical parameters 
at a particular structure, site, or location, such as for example, 
in a building. 
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0044. In an exemplary embodiment, sensors may be posi 
tioned near an area of interest, Such as near a window. For 
example, the system may be used by a building owner to 
gather data Such that potential risk situations, such as water 
intrusion or mold growth, may be resolved before adverse 
effects manifest themselves. The system also may be used by 
a window manufacturer to gather data important to assess the 
particular designs and/or technologies. For example, by com 
paring the amount of water and/or air leakage for different 
window units placed in different sites, designs may be opti 
mized for particular environment/weather profiles. 
0045. As discussed above, the sensors may be placed in 
close proximity to, or at, a particular site of interest. It is not 
necessary, however, that the sensors be in plain view. For 
example, the sensors may be placed in a cavity underneath a 
window (or door). In many cases the cavity under the window 
is found to be directly impinged by intrusion of water and/or 
external air. Thus, in one embodiment, a sensor operable to 
detect temperature and/or humidity may be placed in a wall 
cavity, Such as between Studs that Support the wall. 
0046. In such an embodiment, a hole may be drilled in the 
wall, and the sensor may be placed within the wall with a 
cover plate or some other type of covering used to cover the 
sensor. A hollow tube (such as PVC piping) may be coupled 
with the cover plate to provide shielding or protection for the 
sensor's delicate electrical components from various extreme 
environmental conditions, such as direct contact with water. 
Additionally, the sensor may be encapsulated with a rubber 
ized material to provide such shielding or protection for the 
SSO. 

0047. It is not required that the sensor be placed in the 
cavity below the window. The sensor may also placed in 
proximity to a window, but not within the wall space. For 
example, the sensor may be placed along the upper, lower, or 
side edge of the window sill, in Such a manner as to be 
unobtrusive, but in close proximity to the window. 
0048. In addition to monitoring the environment directly 
below the window, the measurement of other environments 
can provide data that may be important to the interpretation of 
the integrity of windows or other building structures. Thus, in 
addition to monitoring the cavity beneath the window, sensors 
may be placed throughout the interior of the building. Also, 
sensors may be placed on the exterior of the building. For 
example, the sensors may be placed at different elevations 
(North, South, East, and West) on the outside of the building. 
0049. In one such way, a direct comparison of the condi 
tions outside the building, near the window, and inside the 
building, both close to, and remote from, the window can be 
compared. This type of comparison can indicate where there 
is a localized increase in humidity or change in temperature 
specific to a particular window unit. For example, such mea 
Surements would be expected to take into account an expected 
increase in humidity (e.g., the use of a shower) from an 
unexpected increase in humidity (e.g., a window leak). The 
above description is but one exemplary embodiment of the 
present invention. 
0050 Referring now to FIG. 1, a schematic drawing of a 
system 10 according to an embodiment of the present inven 
tion is shown. The system 10 is shown installed in a structure, 
Such as a building 11. The building 11 may comprise several 
levels or stories. An exemplary level of the building 11 is 
shown in a plan view. 
0051. The building 11 may comprise an exterior wall 12 
comprising a first wall 12a and a second wall 12b. The first 
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wall 12a may form an exterior surface of the building 11, 
which may be exposed to the elements, such as rain, wind, 
Sun, Snow, and ice. The second wall 12b may be disposed 
generally parallel to the first wall 12a. The second wall 12b 
may form and define an interior 13 of the building 11. A cavity 
14 may be formed and defined by the first wall 12a and the 
second wall 12b. Portions of the cavity 14 may be hollow. A 
framework (not shown) of wood or metal studs, conduit, 
and/or piping may be disposed in the cavity 14. One or more 
windows 15a-e and/or doors (not shown) may be disposed in 
the cavity 14. One or more interior walls 16 may be disposed 
in the interior 13 of the building. 
0052. The system 10 may comprise a first measuring unit 
20a disposed within the building 11. In one embodiment, the 
first measuring unit 20a may comprise a plurality of first 
measuring units, e.g., 20a-f. Each one of the plurality of first 
measuring units 20a-fmay be disposed inside a boundary 
formed by the first wall 12a. One or more of the plurality of 
first measuring units 20a-fmay be disposed in the cavity 14. 
0053. In an embodiment, at least some of the plurality of 

first measuring units 20a-fmay be placed in proximity to a 
plurality of windows 15a-e to detect a potential loss of struc 
tural integrity. For example, the first measuring units 20a-f 
may be placed inside the wall cavity 14 that is underneath the 
windows 15a-e of interest. Alternatively, and/or additionally, 
at least some of the plurality of first measuring units 20a-f 
may be placed in proximity to a plurality of door structures 
(not shown) to detect a potential loss of integrity of the door. 
0054. In some cases where a defective or structurally com 
promised window allows moisture or air to pass through, 
water and/or air may leak through such a window into the 
cavity 14 beneath the window. Thus, in an embodiment, at 
least a portion of the plurality of first measuring units 20a-f 
may be placed in the cavity 14 beneath the windows 15a-e. 
0055 One or more of the plurality of first measuring units 
20a-fmay be disposed proximate to the windows 15a-e. For 
example, the first measuring units 20a-fmay be disposed in 
communication with the windows 15a-e. In another embodi 
ment, the first measuring units 20a-fmay be coupled with the 
windows 15a-e. One or more of the plurality of first measur 
ing units 20alf may be disposed in the interior 13 of the 
building 11. For example, first measuring unit 20f is disposed 
proximate to one of the plurality of interior walls 16 in the 
interior 13 of the building 11. 
0056. One or more of the plurality of first measuring units 
20a-fmay be placed in areas of the building 11 that are not 
readily accessible by individuals. As described above, the 
plurality of first measuring units 20a-fmay be placed in the 
cavity 14 between the first wall 12a and the second wall 12b, 
or in very high or low positions to be out of sight to most 
observers. 

0057. It may be desirable to compare the temperature and 
humidity (or other parameters of interest) in proximity to the 
structure of interest (e.g., one or more of the windows 15a-e) 
to the temperature and humidity in other regions of the build 
ing 11 (e.g., in the interior 13 of the building 11, away from 
the plurality of windows 15 a-e), or to the outside environ 
ment. 

0058. In one embodiment, the system 10 may comprise a 
second measuring unit 21 a disposed proximate to an exterior 
of the building 11. In one embodiment, a plurality of second 
measuring units 21a-d may be coupled to the first wall 12a of 
the exterior wall 12. The plurality of second measuring units 
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21a-d may be disposed outside of the building 11 to provide 
comparative readings with the plurality of first measuring 
units 20a-f. 
0059. In one embodiment, each one of the plurality of 
second measuring units 21 a-d may be disposed on different 
levels (not shown) of the first wall 12a. One or more of the 
plurality of second measuring units 21a-d may be coupled to 
a roof (not shown) of the building 11. One or more of the 
plurality of second measuring units 21a-d may be disposed a 
predetermined distance from the building 11. The plurality of 
second measuring units 21a-d may be disposed in other Suit 
able arrangements or positions. 
0060 Each one of the plurality of first measuring units 
20a-fmay comprise a first sensor (not shown) adapted to 
detect a first parameter. The first measuring units 20a-fmay 
be adapted to output a first signal associated with the first 
parameter. In one embodiment, the second measuring units 
21a-d may comprise a second sensor (not shown) adapted to 
detect a second parameter. The second parameter may be the 
same as the first parameter. The second measuring units 21 
a-d may be adapted to output a second signal associated with 
the second parameter. 
0061. In another embodiment, one or more of the first 
measuring units 20a-fmay comprise a third sensor adapted to 
detect a third parameter. The third parameter may be different 
than the first parameter. The first measuring units 20a-fmay 
be adapted to output a third signal associated with the third 
parameter. 
0062. A sensor may be a device used to provide a signal for 
the detection or measurement of a physical and/or chemical 
property to which the sensor responds. Sensors to measure a 
variety of physical conditions and/or chemical components 
are commercially available. For example, sensors to measure 
temperature and humidity are available from several manu 
facturers, such as Digikey, MCM Electronics, and Onset. 
Sensors to monitor gas, Smoke, particulate matter, specific 
chemicals (CO, CO., radon and the like) are also available 
from a variety of commercial Sources. 
0063. Other parameters may be measured and used with 
the systems and methods of the present invention, such as for 
example, light, relative humidity (as is known in the art, 
relative humidity is a ratio of an amount of water vapor 
actually present in the air to a greatest amount possible at the 
same temperature), moisture (including water in a liquid 
state), stress, Strain, electrical resistance, electrical capaci 
tance, orientation (direction), position (such as that detected 
by a global positioning system (GPS)), deformation, vibra 
tion, acceleration, pressure, shock, motion, open/close sen 
sors, on/off sensors, and biosensors, may be used with the 
systems and methods of the present invention. 
0064. In an embodiment, the first sensor of the first mea 
Suring unit 20a may comprises a temperature sensor and the 
third sensor may comprise a humidity/relative humidity sen 
sor. The second sensor of one or more of the second measur 
ing units 21 a-d may comprise a temperature sensor. 
0065. The first and third sensors may be disposed on one 
semiconductor chip. The chip may be a silicon chip, although 
other sensors known in the art may be used. For example, a 
complimentary metal oxide semi-conductor (CMOS) sensor 
commercially available from Sensirion (Zurich, Switzerland) 
may be used. CMOS sensors allow both temperature and 
humidity to be detected on the same material, which improves 
the relevance of the data. Such sensors may be interfaced via 
a two wire serial port (not shown). Alternatively, and/or addi 
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tionally, an analog sensor (which measures Voltage changes), 
digital (on/off sensing device), and other types of sensors may 
be used. 
0066. Another exemplary sensor may comprise a plurality 
of conductive inks printed onto a polyester or other similar 
material. The conductive inks may be printed in Straight, 
curved, or other Suitable shapes and/or designs. One side of 
Such as sensor may be an adhesive for mounting or attaching 
to a surface of interest, such as the first wall 12b, inside the 
cavity 14, outside the cavity 14, or any component of the 
exterior wall 12. When liquid contacts this exemplary sensor, 
a resistance/voltage across the conductive inks may change. 
Such a sensor is commercially available from Conductive 
Technologies; York, Pa. 
0067. In an embodiment, the first sensor may be powered 
by direct connection to an electrical circuit disposed within 
the building 11. Alternatively, the first sensor may be powered 
by an alternate or dedicated power Supply, such as a battery. 
For example, the first sensor may be powered by a standard 
AA battery. Alternatively, the battery may comprise a prede 
termined Voltage range. Such as a voltage range from 2.7 to 
3.6 Volts. In one embodiment, the Voltage may range from 3 to 
3.25 volts. 
0068. In an alternate embodiment, a long-life battery may 
be used. For example a lithium chloride battery (manufac 
tured by Tadiran; Port Washington, N.Y.) may be used. The 
lithium chloride battery may be the size of a typical AA 
battery. Or in an embodiment, the battery may be the size of 
a C-type battery. By using the power source intermittently, 
and allowing the system to remain dormant, the lifetime of the 
battery may be extended. The use of a long-lived battery may 
allow for the first sensor to be placed in remote locations 
which may not have easy access to a power Supply. 
0069. In one embodiment, the system 10 may comprise a 

first processor, such as remote processor 30, disposed in 
operative communication with each of the first measuring 
units 20a-f. In another embodiment, the remote processor 30 
may be disposed in operative communication with the plural 
ity of second measuring units 21a-d. The remote processor 30 
may be adapted to receive the first, second, and third signals 
and to control each of the first measuring units 20a-fand the 
second measuring units 21a-d. 
0070. In an embodiment, the remote processor 30 may be 
in communication with the plurality of first measuring units 
20a-fand the plurality of second measuring units 21 a-d Via a 
network 40. The network 40 shown may comprise the Inter 
net. In other embodiments, other networks, such as an intra 
net, wide-area network (WAN), or local-area network (LAN) 
may be used. 
0071. The remote processor 30 may comprise a computer 
readable medium, Such as a random access memory (RAM) 
(not shown) coupled to a processor (not shown). The proces 
Sor may execute computer-executable program instructions 
stored in memory (not shown). Such processors may com 
prise a microprocessor, an ASIC, and state machines. Such 
processors comprise, or may be in communication with, 
media, for example computer-readable media, which stores 
instructions that, when executed by the processor, cause the 
processor to perform the processes described herein. 
0072 Embodiments of computer-readable media include, 
but are not limited to, an electronic, optical, magnetic, or 
other storage or transmission device capable of providing a 
processor, such as the remote processor 30, with computer 
readable instructions. Other examples of suitable media 
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include, but are not limited to, a floppy disk, CD-ROM, DVD, 
magnetic disk, memory chip, ROM, RAM, an ASIC, a con 
figured processor, all optical media, all magnetic tape or other 
magnetic media, or any other medium from which a computer 
processor can read instructions. 
0073. Also, various other forms of computer-readable 
media may transmit or carry instructions to a computer, 
including a router, private or public network, or other trans 
mission device or channel, both wired and wireless. The 
instructions may comprise code from any Suitable computer 
programming language, including, for example, C, C++, C#, 
Visual Basic, Java, Python, Perl, and JavaScript. 
0074 The remote processor 30 may be a personal com 
puter, digital assistant, personal digital assistant, cellular 
phone, mobile phone, Smartphone, pager, digital tablet, lap 
top computer, Internet appliance, and other processor-based 
devices. In general, the remote processor 30 may be any type 
of suitable processor-based platform that is connected to the 
network 40 and that interacts with one or more application 
programs. The remote processor 30 may be disposed 
remotely from the building 11 or the point or area of collec 
tion of data. 
0075. The remote processor 30 may operate on any oper 
ating system capable of Supporting a browser or browser 
enabled application, such as Microsoft(R) Windows(R or 
Linux. The remote processor 30 includes, for example, per 
Sonal computers executing a browser application program 
such as Microsoft Corporation's Internet Explorer'TM, 
Netscape Communication Corporation's Netscape Naviga 
torTM, and Apple Computer, Inc.'s SafariTM. 
0076. In one embodiment, the system 10 may comprise a 
second processor, such as local processor 50, disposed in 
operative communication with the plurality of first measuring 
units 20a-f the plurality of second measuring units 21 a-d. 
and the remote processor 30. The local processor 50 may be a 
processor similar to that described above with respect to the 
remote processor 30. Alternatively, other suitable processors 
may be used for the local processor 50. 
(0077. The local processor 50 may be disposed within the 
building 11. For example, the local processor 50 may be 
disposed in the interior 13 of the building 11. Alternatively, 
the local processor 30 may be disposed outside the building 
11, such as for example coupled with the exterior wall 12 of 
the building or disposed on the roof of the building 11. The 
local processor 50 may be in communication with the remote 
processor 30 via the network 40. Alternatively, the local pro 
cessor 50 may be coupled with the remote processor 30 using 
other Suitable means. 
0078. In one embodiment, the local processor 50 may 
comprise a gateway, which may allow the data to be sent, e.g., 
transmitted, to the remote processor 30. In one embodiment, 
there may be a plurality of local processors 50, each compris 
ing its own processor controlling data acquisition, data pro 
cessing, and communicating the data to the remote processor 
30. Alternatively and/or additionally, the local processor 50 
may be directly connected to a desktop computer (not shown) 
via a serial port. In this way, data from the local processor may 
be downloaded to the desktop computer. 
0079. In another embodiment, the system 10 comprises a 
router 55a. There may be a plurality of routers 55a, 55b. The 
routers 55a, 55b may be disposed in the interior 13 of the 
building 11. For example, the routers 55a, 55b may be 
coupled with at least one of the plurality of interior walls 16. 
The routers 55a, 55b may be positioned discretely, such as on 
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floorboard molding, in a closet, cabinet, or behind furniture. 
The routers 55a, 55b may be placed where a power source is 
available. The routers 55a, 55b may be disposed in other 
suitable locations, generally out of view of observers, includ 
ing external to the building 11. 
0080. The routers 55a, 55b, and the local processor 50 
may comprise a network. In one embodiment, the plurality of 
first measuring units 20a-fand the plurality of second mea 
Suring units 21 a-d may also comprise the network. The 
network may be adapted to facilitate communication between 
the measuring units 20, 21 (e.g., sensors) and the remote 
processor 30. The network may take a variety of forms. In an 
embodiment, the network may comprise wireless communi 
cation between at least some of the components of the system 
10. 
0081 Signals transmitted from any measuring unit 20, 21 
within range of a particular router 55a, 55b may be collected 
and then transmitted by the router 55a, 55b to the local pro 
cessor 50. The local processor 30 may be coupled with a 
computer or modem line for transmission of the signals to the 
remote processor 30, which may be located at a location 
separate from the building 11. Alternatively, the remote pro 
cessor 30 may be located in the same building 11, but separate 
and apart from the local processor 50, such as on a different 
floor or level of the building 11. 
0082 Also in an embodiment, the network may comprise 
a self-organizing network, in that the network facilitates each 
sensor may communicate with the remote processor 30 in any 
way possible. The sensor may be configured to choose the 
most efficient way to communicate with the remote processor 
3O. 
0083. The network may be disposed within the building 
11. Alternatively, portions of the network may be disposed 
external to the building 11, such as the plurality of second 
measuring units 21a-d. The routers 55a, 55b may facilitate 
wireless communication between the plurality of first mea 
suring units 20a-fand the local processor 50 and the plurality 
of second measuring units 21a-d and the local processor 50. 
0084. The network may be organized to collect data from 
the plurality of first measuring units 20a-fand the plurality of 
second measuring units 21a-d and funnel the information to 
one (or a few) centralized location(s) for analysis, such as the 
remote processor 30. The network may comprise the plurality 
of sensors disposed on the plurality of first measuring units 
20a-fand the plurality of second measuring units 21 a-d. As 
described above, the sensors may be adapted to measure one 
or more parameters of interest. The sensors may be incorpo 
rated into the network hardware so as to be in communication 
with, and transmit data to, the remote processor 30. 
0085. In one embodiment, the network may comprise 
three tiers. The first (lowest) tier may be the plurality of first 
measuring units 20a-fand the plurality of second measuring 
units 21 a-d, where each of the plurality of first and second 
measuring units 20a-f. 21a-d may comprise a sensor. The 
second tier of the network may comprise the plurality of 
routers 55a, 55b, which may be adapted to communicate 
wirelessly with the plurality of first and second measuring 
units 20a-f. 21a-d and to transmit the data upstream to at least 
one local processor (e.g., gateway) 50. 
I0086. The local processor 50 may be in communication 
with the remote processor 30. Preferably, the number of the 
plurality of first measuring units 20a-fand the number of the 
plurality of second measuring units 21 a-d may be greater 
than the number of routers 55a, 55b, which may be greater 
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than the number of local processors 50. Also preferably, the 
number of local processors 50 may be equal to or greater than 
the number of remote processors 30. Thus, in an embodiment, 
data is funneled upstream from the plurality of first and sec 
ond measuring units 20af, 21a-d to the remote processor 30. 
I0087. Each individual component of the network 
described above may communicate wirelessly. One Such 
wireless embodiment (e.g., a wireless mesh network) may be 
available commercially from, for example, Millennial Net: 
Cambridge, Mass. 
0088. As described above, the connection between the 
plurality of first and second measuring units 20a-f. 21a-d and 
the plurality of routers 55a, 55b may be wireless. For wireless 
communication, each of the plurality of first and second mea 
Suring units 20af, 21a-d may be within a certain distance of 
each of the plurality of routers 55a, 55b. For example, in an 
embodiment, each of the routers 55a, 55b should be within 30 
feet of each of the plurality of first measuring units 20a-f 
0089. In some cases, the routers 55a, 55b should be closer 
to the plurality of first measuring units 20a-fas for example, 
where there are walls (e.g., interior walls 16) or other barriers 
between the routers 55a, 55b and the plurality of first mea 
suring units 20a-f. Thus, in an embodiment, the routers 55a, 
55b may be placed where they are close enough to receive the 
signals from the plurality of first measuring units 20a-f. Also, 
the routers 55a, 55b may be placed in an open area to promote 
signal reception, but not necessarily in plain view of individu 
als. 

I0090. In an embodiment, the routers 55a, 55b may com 
prise a printed circuit board, a means to receive wireless 
transmissions. Such as an antenna or the like, and a power 
source. The routers 55a, 55b may be placed in a position to 
receive signals from the plurality of first measuring units 
20a-f. In one embodiment, each one of the routers 55a, 55b 
may accept signals from up to five measuring units 20, 21. In 
another embodiment, each one of the routers 55a, 55b may 
accept signals from up to 20 measuring units 20, 21. In still 
another embodiment, each one of the routers 55a, 55b may 
accept signals from up to 100 measuring units 20, 21. 
0091. The maximum number of measuring units 20, 21 
that can be used in the system 10 can be a function of several 
variables including the total number of measuring units 20, 21 
in the network, the information density, as well as the distance 
between the components of the network. 
0092. For example, using an 8-bit processor, the maxi 
mum number of measuring units 20, 21 may be calculated by 
subtracting the number of routers 55 and local processors 50 
(e.g., gateway) from 65025, which may be standard for a 
particular 8-bit processor. The number of measuring units 20, 
21 may be determined by the processor type (e.g., 8-bit, 
12-bit, 16-bit). For example, expansion from an 8-bit proces 
Sor to a 16-bit processor can exponentially increase the num 
ber of measuring units. Additionally, the number of routers 55 
is a function of the distance between the router 55 and the 
measuring units 20, 21 associated with the router 55. The 
number of local processors 50 (e.g., gateway) may be a func 
tion of the distance between the local processor 50 and the 
routers 55 associated with the local processor 50. 
(0093. The routers 55a, 55b may be placed out of plain 
view, but are generally positioned in a place that is accessible 
for routine maintenance. Thus, while the routers 55a, 55b 
may connected to an electrical circuit disposed in the building 
11, the power source for the routers 55a, 55b may comprise 
batteries, or other Suitable power Supply, such as a Solar cell. 
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Although batteries may be selected for long-lifetimes, in one 
embodiment, standard AA batteries may be used. 
0094. In an embodiment, the plurality of first measuring 
units 20a-fmay be connected to the local processor 50, which 
may allow data to be communicated to the remote processor 
30. In an embodiment, local processor 50 may comprises its 
own processor (not shown), which may control data acquisi 
tion, data processing, and sending the data upstream to the 
remote processor 30. Alternatively and/or additionally, the 
local processor 50 may be directly connected to a desktop 
personal computer (PC) (not shown) via a serial port (not 
shown). In this way, data from the local processor 50 may be 
downloaded to the desktop computer. 
0095. In an embodiment, the number of routers 55a, 55b 
may be a function of the distance between each of the routers 
55a, 55b and the first and second measuring units 20a-f. 21a-d 
associated with each router 55a, 55b. The number of local 
processors 50 may be a function of the distance between a 
local processor 50 and the router 55a, 55b associated with the 
local processor 50. The local processor 50 may receive data 
from a finite number of first and second measuring units 
20a-f. 21a-d. 
0096. In an embodiment, the local processor 50 can 
accommodate data from over 50 measuring units 20, 21. In 
another embodiment, the local processor 50 can accommo 
date data from over 100 measuring units 20, 21. In still 
another embodiment, the local processor 50 can accommo 
date data from over 250 measuring units 20, 21. Also, in an 
embodiment, the local processor 50 can handle data from a 
router 55a, 55b that is up to 100 feet away. Thus, a single local 
processor 50 may handle all of the measuring units 20, 21 for 
the entire building 11. 
0097. The remote processor 30 may comprise a computer 
readable medium on which is encoded instructions that may 
control various aspects of the system 10. For example, in an 
embodiment, the computer-readable medium may control the 
time intervals between data acquisition. Also, the computer 
readable medium may periodically (such as Substantially 
continuously) log data acquired by the system 10 and com 
pare the data to previously acquired data Such that a change in 
conditions for at least one of the sites of interest can be 
ascertained. Also, in an embodiment, a signal may be gener 
ated when the data from a particular sensor is out of range 
with values from other sensors, out of range from a predeter 
mined level, or within a percentage of a maximum set point. 
0098. The system 10 is able to monitor a plurality of sen 
sors, and generate an alarm or warning signal when a situation 
comprising a high risk is occurring or may be trending toward 
a predetermined set point. For example, in an embodiment, 
the system 10 may generate an alarm signal when a sensor has 
a reading that is out of line with similarly placed sensors. In an 
embodiment, the signal comprises an electronic transmis 
Sion, an audible alarm, or a visual readout on a printer or 
monitor. For example, the alarm may comprise an e-mail 
alert, an e-mail with attachments, a file transfer protocol 
(FTP), a text message communicated wirelessly to a device 
Such as a mobile telephone, pager, or the like. 
0099. Also, in an embodiment, the measuring units 20.21 
may include location as a parameter evaluated by the remote 
processor 30. Preferably, one of the parameters describing 
location comprises elevation, where elevation comprises the 
relative directionality of the sensor: North (N), Northwest 
(NW), West (W), Southwest (SW), South (S), Southeast (SE), 
East (E), and Northeast (NE). In an embodiment, the sensor 
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may comprise an altitude sensor that can measure pressure 
differentials such as the height of the sensor above sea level. 
In this way, the data from one sensor may be compared to 
sensors located in similar environments. 

0100 Each sensor may be adapted to respond to the 
parameter of interest. Each sensor may be interfaced with 
other portions of the system 10. In one embodiment, a printed 
circuit board (not shown) may be used to interface each 
sensor with the system 10. The printed circuit board may 
comprise a processor comprising a computer-readable 
medium that may be adapted to interpret the signals from the 
sensors and to transform the signals into a form that may be 
communicated by the system 10. 
0101. In an embodiment, the interface board may com 
prise a schotke diode (not shown). In addition to its usual 
function of preventing incorrect battery connection, the diode 
may be used to make the Voltage across the battery compat 
ible with the rest of the system 10. As described above, a 
lithium chloride (LiCl) battery may be used for the first and 
second measuring units 20, 21 (including sensors) to provide 
a self-contained power Source that may last as long as ten 
years. In some cases, the Voltage across the lithium chloride 
battery may be higher that that being used for the sensor 
board. Thus, the diode may be used to drop the voltage to a 
sensor that is compatible with the sensor. For example, in one 
embodiment of the system, a diode may be used to drop 0.3 
volts from the lithium chloride battery used for the sensor 
board. 

0102 The lifetime of the power unit for the first and sec 
ond measuring units 20, 21 may be optimized by having the 
measuring units 20, 21 “sleep” between measurements. 
Where the average sampling time is about 90 milliseconds or 
less, the measuring units 20, 21 may sleep for over 80% of 
their use. For example, in an embodiment, the sleep time will 
be 82% of the interval time when set at the most frequent 
reading interval of 500 milliseconds. At an interval between 
samplings of once every 90 minutes the sleep time percentage 
would be 99.9% of the cycle time between readings. In an 
embodiment, power used by the sensor may be controlled 
separately from an endpoint (e.g., sensor of measuring units 
20, 21) of the system 10. 
0103) As described above, data gathered from the plurality 
of first and second measuring units 20a-f. 21a-d may be 
transmitted via routers 55a, 55b and the local processor 50 
(e.g., gateway) to the remote processor 30 for compilation and 
analysis. The remote processor 30 may be remote from the 
local processor 50 and its associated network. The remote 
processor 30 may be disposed in operative communication 
with the local processor 50, the first and second monitoring 
units 20a-f, 21a-d, and routers 55a, 55b. 
0104. The connection from the various components of the 
system 10 to the remote processor 30 may comprise a variety 
of technologies known in the art. For example, the system 10 
and the remote processor 30 may be connected via a direct 
connection, such as broadband internet connection or via a 
modem or via a wireless connection, such as cellular technol 
Ogy. 

0105. The remote processor 30 may comprise a variety of 
functions. First, the remote processor 30 may be used to 
compile and organize data gathered from the plurality of 
measuring units 20, 21. Thus, in an embodiment, incoming 
data may be organized and displayed in a variety of formats. 
The remote processor 30 may communicate data to an FTP 
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server (not shown), from which the data may be stored in a 
database 35 for future use, data trending, and predictive mod 
eling. 
0106 The present invention describes a computer pro 
gram or Software designed to couple the sensors of the moni 
toring units 20, 21 and networking hardware (e.g., local pro 
cessor 50 and routers 55a, 55b) as a coordinated system 
designed for remote monitoring at specific sites, such as the 
windows 15a-e of the building 11. As used herein, a computer 
program comprises a computer-encoded language or a com 
puter-readable medium that encodes the steps required for the 
computer to perform a specific task or tasks. Also, as used 
herein, Software comprises the computer program(s) used in 
conjunction with any other operating systems required for 
computer function. 
0107. In an embodiment, the software of the present inven 
tion allows a user control over each one of the plurality of first 
and second monitoring units 20af 21 a-d. Thus, in contrast 
to previously described systems, the present invention allows 
a user to remotely adjust the measurements taken from each 
one of the plurality of first and second measuring units 20a-f. 
21a-d 

0108. In one embodiment, the software may be used to 
change a sampling interval. For example, sampling may be 
changed from being taken every 500 milliseconds to once 
every 90 minutes. In another embodiment, the software may 
be programmed to control independently each one of the 
plurality of first and second measuring units 20a-f. 21 a-d. For 
example, it may be desirable to monitor a particular site more 
frequently than another site. Such as for example where a 
particular window unit shows an indication of drifting out of 
range. The monitoring frequency can be dynamically 
adjusted by a user remote from the measuring units 20, 21, as 
well as remote from the building 11. 
0109. In an embodiment, sensor readings may be commu 
nicated to the remote processor 30, as they are taken or shortly 
thereafter. Alternatively, the sensor readings can be commu 
nicated periodically to the remote processor 30. For example, 
readings may be communicated to the remote processor 30 
about every second to any interval greater than this. Thus, 
sensor readings may be communicated to the remote proces 
sor 30 hourly, daily, monthly, annually, or at another desired 
interval. 

0110. In an embodiment, the system functions automati 
cally until there is some type of intervention from a system 
operator (i.e., user). For example, the Software may be pro 
grammed to take one reading every 1 minute from endpoint/ 
sensors at location 1, and one reading every 3 minutes from 
endpoint/sensors at location 2, and one reading every 10 
minutes for endpoint/sensors at location3, except for a Subset 
of location 3 sensors, for which readings are taken every 20 
seconds. Ifat any point, the number or type of readings needs 
to be adjusted, this may be done remotely by an operator via 
the central processing unit. 
0111. In one embodiment, the program recognizes certain 
predetermined limits (e.g., set points) and triggers an alarm if 
any one sensor has a reading (or multiple readings) that are 
outside of or approaching an allowed range or set point. Thus, 
the system 10 may substantially continuously record data 
from a sensor, and compile the data. If the readings are within 
a predetermined range, the system 10 will maintain itself 
under the current settings. 
0112) If there is a reading or several readings that are 
outside of an allowed range or trending toward a set point, an 
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alarm signal may be communicated to an operator or other 
user. For example, the signal may comprise an audible alarm. 
Alternatively, the signal may comprise a digital printout on a 
computer monitor or a computer screen. Or, the signal may 
comprise an electronic notification Such as a text message 
sent via e-mail, cellphone, or the like. There may be a variety 
of signals that set off an alarm, or alarm-type signal. For 
example, in an embodiment, a particularly extreme tempera 
ture reading or humidity setting from a sensor may triggeran 
alarm. Alternatively, an alarm may be triggered by a low 
battery level for a particular measuring unit 20, 21. 
0113 Readings from the plurality of first measuring units 
20a-fin similar environments (e.g., elevations) may be com 
pared to determine a range of expected readings. Alterna 
tively, readings from all of the first and second measuring 
units 20af, 21a-e are compared. The allowable range or set 
points may be adjusted or modified by an operator or other 
user (e.g., via the remote processor 30) as needed. 
0114. Also, an alarm may be triggered by an event which 
can be monitored as an “on-off type situation. For example, 
in an embodiment, an alarm may be triggered by the opening 
or breaking of a window. Thus, in an embodiment, a sensor 
may be set to monitor for a contact closed or opened condi 
tion. In the case of breaking glass, if a sensor was set to record 
the noise generated by breaking glass, it could typically be set 
in the normally closed condition and the noise would cause 
the device to open the contact and trigger the alarm. 
0115 Once an alarm is triggered, the data in the system 
may be accessed in whatever manner is necessary to perform 
a meaningful analysis. For example, for the case where a low 
temperature reading is recorded, the data may be compared to 
an exterior reading from the same building and/or elevation. 
This analysis could be used to determine if the aberrant read 
ing is due to a loss of window integrity, or for other, more 
global reasons (e.g., Such as a Sudden temperature shift). The 
analysis may be user controlled, in that the user may specify 
the data logs to be pulled and the type of analysis to be 
performed. Alternatively, and/or additionally, the analysis 
may computer-implemented in that a series of predetermined 
analytical steps are performed in response to a certain trig 
gering event. 
0116 Referring now to FIG. 2, a schematic showing the 
flow of information 100 through the system 10 is shown. As 
indicated by the connecting lines, information flow through 
out the system 10 is two-way. Additionally, such information 
flow may be by wireless means. Measuring unit data 110 
(which may comprise sensor data regarding a physical or 
chemical parameter) may be communicated to a router. Such 
as routers 55a, 55b described above. Router data 120 may 
then be communicated to a gateway. 
0117 Data or signals transmitted or communicated to the 
routers and/or gateway may be stored, modified, or pro 
cessed. Such as signal amplification or modulation. The gate 
way data 130 may be communicated to a remote processor, 
such as the remote processor 30 described above, through a 
local processor, such as the local processor 50 described. 
Alternatively, the gateway data 130 may be communicated 
directly (not shown) to the remote processor. The gateway 
may be serially connected to the local processor, and the local 
processor data 140 transmitted to the remote processor 30 via 
the Internet, modem, wirelessly or other means standard in 
the art to a computer or server at a remote location. The local 
processor data 140 may be displayed or accessed by a user 
directly from the local processor. 
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0118. An operator or user may access data stored by the 
remote processor 30 (at a central location or remote from the 
remote processor) by entering instructions (including Sam 
pling intervals, alarm settings, sampling types, and the like) 
via a keyboard 34, mouse 34a or other access means. These 
instructions may then be communicated through the network 
such that the sensors are controlled remotely. Data may be 
stored by the remote processor 30 using a storage device 
common in the art Such as disks, drives or memory 31. As is 
understood in the art, a central processing unit 32 and an 
input/output (110) controller 33 may be required for multiple 
aspects of the functioning of the remote processor 30. Also, in 
an embodiment, there may be more than one processor. 
0119) A user may access data in a variety of ways and the 
data may be viewed in a variety of formats. Different users 
may have different rights or access to the information. For 
example, some users may have read-only rights limited infor 
mation, whereas others may have access all information as 
well as to control the sensors (as described above). In one 
embodiment, a user may access the data directly from the 
remote processor 30. Alternatively, the remote processor 30 
may communicate the data to a plurality of user terminals (not 
shown). 
0120. The data may be organized on various levels to 
facilitate analysis. For example, data may be monitored by 
sensor group. Alternatively and/or additionally, the data may 
be monitored by sensor azimuth. Alternatively and/or addi 
tionally, comparative data is monitored. 
0121. In an embodiment, at least one all inclusive file, 
containing all the accumulated data from every sensor, may 
be maintained. This data file may provide an archive, which 
may be accessed at any time for information that may be 
required for a particular analysis. 
0122. Also, a file for all interior sensors may be main 
tained. In one such way, different interiors may be compared 
to each other, independent of other variables. For example, 
the data for all the sensors in a particular region of the country 
may be compared. Alternatively, and/or additionally, the data 
for all the sensors in one building may be compared. 
0123. Also, individual endpoint files, organized by unique 
sensor identifier may be maintained. The profile for each 
individual sensor may be compared to itself over time, to look 
for trends indicative of a problem, or the profile may be 
compared to profiles of other sensors to detect any deviation 
from the ranges considered to be acceptable. 
0.124. In one embodiment, data for a particular site may be 
accessed by a user through the Internet. A user may access 
particular data with a username and a password. Data may be 
presented to a user in one or more formats. For example, as 
shown in FIG. 3, data may be presented in a raw data or 
unprocessed format. 
0.125. The raw data may be presented to a user in a data 
table 150. The data may comprise various information in 
various fields of the data table 150. For example, the data table 
150 may comprise a date field 151, a time field 152, a mea 
suring unit identification (ID) field 153. Each measuring unit 
or sensor may be assigned a unique identifier. The table 150 
may also comprise a type field 154, which may refer to a the 
data or parameter type (e.g., temperature, humidity, and or 
relative humidity; raw data value or converted value). 
0126. The table 150 may comprise an elevation field 155, 
referring to a physical location of the sensor. The table 150 
may comprise a sample interval field 156, which may identify 
the sampling interval used for a particular sensor. Other fields 
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of the table 150 may comprise a battery field 157 (displaying 
battery voltage), a temperature field 158 (displaying a reading 
from a temperature sensor), and a humidity field 159 (dis 
playing a reading from a humidity sensor). Other Suitable 
fields may be used. 
I0127. Referring now to FIG.4, anotherformat for present 
ing data is shown. Sensor data may be presented in one or 
more line charts 160a, b. The line charts 160a, b may present 
information in several ways. Such as for example, sensor 
identifier 161 a, b, sensor location I 62a, b, time interval 163a, 
b, and sensor reading 164a, b. 
I0128 Line chart 160a displays temperature data for sev 
eral sensors 161a and their respective locations 162a. The 
user may modify which sensors 161a to display in the chart 
160a. The user may also select or modify the time interval 
163a to be displayed in the chart 160a. The line chart 160b 
displays humidity data corresponding to the temperature data 
displayed in line chart 160a. The charts 160a, b may facilitate 
identification by a user of data trends that may not be apparent 
from viewing raw data, such as that described above with 
reference to FIG. 3. 
I0129 Referring now to FIGS. 5 and 6, still anotherformat 
for presenting data is shown. FIG. 5 shows a graphical rep 
resentation 170 of the data. The graphical representation 170 
shows a representation of a building skin 171 (or façade) for 
a particular elevation. Data may be represented as a series of 
concentric circles or rings, such as shown by data circles 
172a-c. The data circles 172a-c may be superposed on the 
building skin 171. The data circles 172a-c may be placed on 
the building skin 171 proximate to the position of a particular 
sensor (not shown) and/or measuring unit (not shown). Sen 
sor readings for different parameters may be viewed on other 
views of the building skin (not shown). 
I0130 FIG. 6 shows a larger view of the data circle 172a. 
The data circle 172a comprises an inner circle 173a Sur 
rounded by a plurality of concentric rings 173b-d. The inner 
circle 173a and each of the rings 173b-d may correspond to a 
particular time that a sensor reading of one or more param 
eters is taken or recorded. For example, circle 173a may 
represent a first reading at a first time. A second reading by the 
sensor at a second time may be indicated by ring 173b. A third 
reading by the sensor at a third time may be indicated by ring 
173c, and so forth. 
I0131. In one embodiment, a value of a parameter, such as 
temperature, may be associated with a size of the circle 173a 
and the rings 173b-d. For example, a size of the ring 173d is 
greater than a size of the ring 173b. The size of each of the 
rings 173b-d may be measured as a distance from an inner 
diameter and an outer diameter of each of the rings 173 b-d. 
The size of the circle 173a may be its diameter. In the example 
shown in FIG. 6, the value of the temperature associated with 
the ring 173d would be greater than the value of the tempera 
ture associated with the ring 173b. 
I0132) A value of another parameter, such as humidity, may 
be associated with a particular coloring, shading, or pattern 
ing of the circle 173a and each of the rings 173b-d. Thus, 
values for two parameters may be shown on the same graphi 
cal display. A coloring or shading can show a gradient repre 
sentative of the condition being monitored. 
0.133 For example, when displaying humidity readings, 
black may represent approximately 0% humidity and white 
may represent approximately 90-100% humidity. Ranges in 
between 0% and 90-100% may be represented by different 
colors, or shades of colors, including grayscale. Grayscale is 



US 2009/0287.447 A1 

a color mode comprising a plurality of shades of gray. In one 
embodiment, grayscale may comprise 256 colors, including 
absolute black, absolute white, and 254 shades of gray in 
between. Images in grayscale may have 8-bits of information 
in them. Other Suitable geometric shapes, colors, and gradient 
schemes may be used. 
0134 Referring now to FIG. 7, a method 180 according to 
an embodiment of the present invention is shown. The method 
180 may be employed in a system, as described above. Items 
shown in FIGS. 1-6 may be referred to in describing FIG. 7 to 
aid understanding of the embodiment of the method 180 
shown and described. However, embodiments of methods 
according to the present invention are not limited to the 
embodiments described above. 
0135. As indicated by block 181, the method 180 may 
comprise detecting by a first sensor a first parameter. The first 
sensor may be disposed in an interior of a structure, such as a 
building. The structure may comprise an exterior wall com 
prising a first wall and a second wall. The first sensor may be 
disposed in a cavity defined by the first wall and the second 
wall. 
0136. The first sensor may comprise a plurality of sensors. 
The first parameter may comprise a physical and/or chemical 
parameter. The first parameter may comprise at least one of a 
temperature, humidity, relative humidity, moisture, stress, 
strain, position, deformation, vibration, acceleration, pres 
Sure, and motion. Alternatively, other Suitable parameters 
may be used. 
0137 As indicated by block 182, the method 180 may 
comprise generating by a first measuring unit a first signal 
associated with the first parameter. The first sensor may be 
disposed in communication with the first measuring unit. In 
one embodiment, the method 180 may comprise providing a 
local processor in communication with the first measuring 
unit and a remote processor. 
0.138. The local processor may be adapted to communicate 
the first signal with the remote processor. The local processor 
may be disposed in an interior of the structure. Alternatively 
the local processor may be disposed proximate to the struc 
ture. The remote processor may be proximate to the structure 
or within the structure. Generally, the remote processor may 
be physically separate, or remote, from the local processor. 
0.139. As indicated by block 183, the method 180 may 
comprise communicating the first signal to the remote pro 
cessor operable to control the first measuring unit. The remote 
processor may be disposed in communication with the first 
measuring unit. 
0140. As indicated by block 184, the method 180 may 
comprise detecting by a second sensor a second parameter. In 
one embodiment, the second parameter may comprise the 
physical parameter of the first parameter. Alternatively, the 
second parameter may be different than the physical param 
eter of the first parameter. The second sensor may be disposed 
in communication with the remote processor. The second 
sensor may be disposed proximate to an exterior of the struc 
ture. In one embodiment, the sensor may be coupled with an 
exterior surface of the structure. 
0141. As indicated by block 185, the method 180 may 
comprise generating by a second measuring unit a second 
signal associated with the second parameter. The second sen 
Sor may be disposed in communication with the second mea 
suring unit. As indicated by block 186, the method 180 may 
comprise communicating the second signal to the remote 
processor. The remote processor may be disposed in operative 
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communication with the second measuring unit. In one 
embodiment, the local processor may be disposed in commu 
nication with the second measuring unit. The local processor 
may be adapted to communicate the second signal to the 
remote processor. 
0142. As indicated by block 187, the method 180 may 
comprise detecting by a third sensor a third parameter. The 
third sensor may be disposed in communication with the first 
measuring unit. In one embodiment, the third parameter may 
comprise a physical parameter different than the first param 
eter. The third parameter may comprise at least one of a 
temperature, humidity, relative humidity, moisture, stress, 
strain, position, deformation, vibration, acceleration, pres 
Sure, and motion. 
0143. As indicated by block 188, the method 180 may 
comprise generating by the first measuring unit a third signal 
associated with the third parameter. As indicated by block 
189, the method 180 may comprise communicating the third 
signal to the remote processor. 
0144. As indicated by block 191, the method 180 may 
comprise recording a first value in a database. The first value 
may be associated with the first parameter. The first value may 
comprise a numerical value for the first parameter, Such as 
moisture content, detected by the first sensor. As indicated by 
block 192, the method 180 may comprise updating the data 
base with a second value associated with the first parameter. 
The second value may comprise another numerical value for 
the first parameter recorded at a time Subsequent to a time 
during which the first value was recorded. The second value 
may be the same or different than the first value. 
0145. In one embodiment, the method 180 may comprise 
forecasting an event condition based at least in part on the first 
and second values associated with the first parameter. An 
event condition may be similar to that described above, such 
as mold growth in the structure or water damage to the struc 
ture or its components. The first and second values may be 
used in a predictive model to forecast the event condition. In 
another embodiment, the method 180 may comprise gener 
ating an alarm signal when the second value exceeds a pre 
determined set point. An alarm signal may be generated when 
the first or second values approach the set point within a 
predetermined amount, range, or percentage. 
014.6 Referring now to FIG. 8, a method 200 according to 
an embodiment of the present invention is shown. The method 
200 may be employed to generate and/or display the graphical 
information shown in FIGS. 5-6, and as described above. 
Items shown in FIGS. 5-6 may be referred to in describing 
FIG. 8 to aid understanding of the embodiment of the method 
200 shown and described. However, embodiments of meth 
ods according to the present invention are not limited to the 
embodiments described herein. 

0147 As indicated by block 201, the method 200 may 
comprise associating a first value of a first parameter mea 
sured by a first sensor at a first time with a first geometric 
shape comprising a first size. The first parameter may com 
prise a chemical or physical parameter, such as humidity. The 
first parameter may comprise a physical parameter compris 
ing at least one of a temperature, humidity, relative humidity, 
moisture, stress, Strain, position, deformation, vibration, 
acceleration, pressure, motion, electrical resistance, and elec 
trical capacitance. Other suitable parameters may be used. 
(0.148. As indicated by block 202, the method 200 may 
comprise associating a second value of the first parameter 
measured by the first sensor at a second time with a second 
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geometric shape comprising a second size. The first and sec 
ond geometric shapes may each comprise a ring. In one 
embodiment, the second geometric shape may be different 
than the first geometric shape. For example, the first geomet 
ric shape may comprise a circle and the second geometric 
shape may comprise a ring. The second geometric shape may 
circumscribe the first geometric shape. The first and second 
geometric shapes may be concentric with one another. 
014.9 The first size of the first geometric shape may rep 
resent a numerical value associated with the reading from or 
signal generated by the first sensor at the first time. The 
second size of the second geometric shape may represent a 
numerical value associated with the reading from or signal 
generated by the first sensor at the second time. For example, 
the first time may be the time of an initial reading, and the 
second time may be a reading Subsequent to the initial read 
1ng 

0150. In one embodiment, a value of a temperature read 
ing may be represented by a ring. A size of the ring may vary 
depending on the numerical value of the temperature. In one 
embodiment, the size of the ring may be measured as a width, 
or a difference between an outer diameter and an inner diam 
eter of the ring. In the present example, a larger ring repre 
sents a higher temperature than a smaller ring. 
0151. As indicated by block 203, the method 200 may 
comprise displaying the first and second geometric shapes 
Superposed on a graphic representation of a structure. In one 
embodiment, a position of the displayed first and second 
geometric shapes may correspond Substantially with a posi 
tion of the first sensor disposed in the structure. An exemplary 
display may be similar to that shown in FIG. 5. Other suitable 
displays may be used. 
0152. In one embodiment, the method may comprise asso 
ciating a first value of a second parameter measured by a 
second sensor at the first time with a first color. The first time 
of the second sensor reading corresponds Substantially with 
the first time of the first sensor reading. The second parameter 
may be a different physical parameter than the first parameter. 
For example, the second parameter may comprise humidity. 
Different humidity readings may be associated with different 
colors. For example, the first sensor may indicate a humidity 
reading of 50% at the first time, which may be associated with 
a shade of orange. 
0153. In another embodiment, the method may comprise 
associating a second value of the second parameter measured 
by the second sensor at the second time with a second color. 
The second time of the second sensor reading corresponds 
substantially with the second time of the first sensor reading. 
The second sensor may indicate a humidity reading of 70% at 
the second time. The second value may be associated with a 
second color, such as a shade of yellow. The values of the 
second parameter may be associated with other Suitable col 
ors, including a grayscale. Alternatively, the values of the 
second parameter may be associated with patterns (such as 
that shown in FIG. 6) and/or shading. 
0154) In one embodiment, the method 200 may comprise 
Superposing the first color on the first geometric shape dis 
played on the graphic representation of the structure. In 
another embodiment, the method 200 may comprise super 
posing the second color on the second geometric shape dis 
played on the graphic representation of the structure. Alter 
natively, first and second patterns may be Superposed on the 
first and second geometric shapes, respectively. The dis 
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played data may be positioned such that they generally cor 
respond to a location of the sensors in the structure. 
0155 Thus, two different parameters, e.g., temperature 
and humidity, may be displayed on one graphic representa 
tion of a structure being monitored, and changes to these 
parameters may be observed (e.g., temperature as a size of 
ring and humidity as a color or pattern) in a format different 
than traditional charts and graphs. Such a display may be 
more easily understood and may facilitate analysis and/or 
identification of trends in the monitored parameters. 
0156. A computer-readable medium of a server device, 
processor, or other device or application comprises instruc 
tions, that when executed, causes the server device, applica 
tion, processor or other device or application to perform 
method 200. The server device, resource regulating applica 
tion, and the computer-readable medium may be similar to 
that described above. Alternatively, other suitable server 
devices, applications, computer-readable media, processors, 
or other devices or applications can be used. 

EXAMPLES 

0157. The present invention may be better understood by 
reference to the following examples, which describe working 
embodiments of the present invention. 

Example 1 
Wireless Network for Temperature and Humidity 

Monitoring 

0158. A wireless network was purchased from Millennial 
Net (Cambridge, Mass.). The topology Supported using Such 
a network includes star-mesh topology, simple mesh topol 
ogy, linear topology, and simple star network topology. The 
network of the present example comprises three levels: (1) 
endpoints; (2) routers; and (3) gateways. 
0159 A. Endpoint (iBean) 
0160 An endpoint (also referred to herein as an iBean or 
bean) provides a wireless capability to a device (such as a 
sensor) that can communicate with the endpoint vial analog 
and/or digital I/O. Each endpoint is sized to be able to fit 
inside of an actuator or sensor. For the system used in these 
examples, a second board having a temperature/humidity 
sensor was coupled to the iBean. 
0.161 The endpoint/sensor was powered by a lithium chlo 
ride battery. Using an intermittent sampling program of the 
sensor/iBean software, the battery should have a lifetime of 
up to 10 years. The endpoints are able to run on various 
license-free ISM (industrial, scientific, and medical) radio 
bands available worldwide. Also, an Application Program 
mer Interface (API) is available for customization of user 
applications for processing any device data that the endpoint 
receives. The iBean endpoint includes 4 digital I/Os and 4 
analog I/OS for communication with a sensor. 
(0162 B. Router 
0163 A router provides greater range for wireless trans 
mission of the endpoints. Each router also provides alternate 
route paths for redundancy in case of obstacle obstruction, 
network congestion, or interference. As described herein, a 
router can receive signals from endpoints positioned within 
approximately 30 feet of the router. 
(0164. C. Gateway 
0.165. A gateway provides an interface to communicate 
with a personal computer or network. The communication 
can be via a host computer, via a LAN, or via the Internet. 
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Each gateway collects data from the network of routers and/or 
endpoints and acts as a portal. A gateway can handle signals 
from approximately over 200 iBeans. 

Example 2 
Temperature/Humidity Sensors 

(0166 An SHT1x/SHT7x Sensirion Humidity & Tempera 
ture Sensor (Sensirion; Zurich, Switzerland) was serially con 
nected to each iEean. Additionally, an analog sensor (which 
measures Voltage changes), and digital (on/off sensing 
device) may be used. The SHT7X/SHT1 sensor may require 
4 signals: (1) a serial clockinput; (2) a power Supply input; (3) 
a ground; and (4) a data 110. The clock is used to synchronize 
the communication between the iBean and the sensor. As only 
two digital I/Os from the iBean are required for implementa 
tion, four analog I/Os and two digital I/Os on the iBean are 
still available for other uses. 
0167. The Sensirion SHTXX series of sensors are single 
chip humidity and temperature multi-sensor modules com 
prising a calibrated digital output. The sensors comprise a 
capacitive polymer sensing element for monitoring relative 
humidity and abandgap temperature sensor. Bothare coupled 
to a 14-bit analog to digital (A/D) converter and a serial 
interface circuit on the same chip. The calibration coefficients 
for the sensor are programmed into the OTP (one-time pro 
grammable) memory. These coefficients are used internally 
during measurements to calibrate the signals from the sen 
SOS. 

0168 The SHTXX sensors require a voltage supply 
between 2.4 and 5.5 volts. After power up the device needs 11 
milliseconds to reach its “sleep state.” Once the sensor has 
been powered up, and has reached its sleep state, it is ready for 
SC. 

Example 3 
The SensorfiBean Interface 

0169. An interface board can connect the sensor chip to the 
network. The interface board may be comprised of a printed 
circuit board comprising at least one sensor, Such as a pres 
sure sensor (e.g., 4INCH-D-CGRADE-MV, available from 
All Sensors of San Jose, Calif.), an ultraviolet (UV) photo 
diode (e.g., Type PDU-S101, manufactured by Photonic 
Detectors, Inc.), and discrete temperature sensors (e.g., TC 
1046, manufactured by Microchip). 
0170 A software program may convert the raw sensor data 

to values for temperature and relative (or absolute) humidity. 
The actual software program depends on the sensor used. For 
example, Sensirion provides specific formulas to convert raw 
data (sensor output=SO) to humidity based on the number of 
bits (8 or 12) used to collect the humidity data (RH, c 
c. *SO+cs* (SO) where c, c, and c, vary with the 
number bits collected for relative humidity), as well as for 
mulas to convert from raw data to temperature (Td+dSO; 
where d and d vary with the bits collected for temperature). 
0171 Millennial Net provides a similar set of formulas. It 

is assumed that temperature utilizes 12-bits of information 
and humidity utilizes 8-bits. To compensate for the non 
linearity of humidity on the sensor, the raw humidity data is 
converted using the following formula: Relative Humidity= 
(-)4+0.648* (raw data)+(-72)e'*(raw data). To convert 
the raw data to temperature, the following conversion is used: 
Temperature (F.)=(-)39.28+0.72*(raw data). Other sensors 
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may have similar conversion formulas. The system works 
using both the Sensirion formula and the Millennial formula 
in conjunction with each other. 

Example 4 
iMon Software 

0172 A browser-based monitoring software, such as 
iMon (commercially available from developer, elOnetworks, 
Inc.) facilitates the monitoring, control, setup, alarm, and 
notification. The iMon software program controls each iEean 
sensor. iBeans are also configured and accessed via the iMon 
software application. All sensor data received from the iBean 
is interpreted and stored by iMon. 
0173 A. Logging Specification 
0.174 Logging of collected data is one component of the 
iMon Software program that controls iBean sensors. Each 
iBeanis configured and accessed via the iMon Software appli 
cation. Sensor data received from the iBean is interpreted and 
stored by iMon. This example describes the functionality of 
the logging component of iMon and user interface changes 
which result. 
(0175 1. User Interface 
0176 iMon’s user interface may change in the following 
areas: logging menu, Bean logging setup, togging status bar 
indicator, and iMon setup. FIG. 9 shows an exemplary 
Graphical User Interface (GUT) and some of the panels 
describing the system setup. 
(0177 2. Logging Menu 
0.178 From the menu Setup 310 selection, a user may 
enable, disable and setup an individualiBean's logging setup. 
The Logging setup dialog is shown in FIG.10. A single logger 
may be configured forlogging using this screen. For example, 
the GUI may be used to set all iBeans (or endpoints) to the 
current setup (e.g., a batch setup). IndividualiBeans may then 
be edited. 
0179. 3. Logging Interval 
0180. In the present example, the logging interval may be 
set to the following values: 1 second, 5 seconds, 15 seconds, 
30 seconds, 1 minute, 5 minutes, 15 minutes, 30 minutes, 60 
minutes, 90 minutes, or longer intervals as needed. The log 
ging interval may be set up in batch, or individually for each 
bean. Fields can be logged in a standard comma separated 
format. Additional logging parameter setups may be per 
formed using the iMon Setup dialog. 
0181. 4. Sensors 
0182. The Sensirion sensor is a serial type with two chan 
nels available, one for temperature and one for humidity with 
built-in proprietary calculation abilities for interpreting the 
raw data. For analog sensors, raw or scaled data may be 
selected. Selecting Scaled Data 312 will result in the logged 
data from the sensor (raw or scaled) being multiplied by the 
slope with the offset added. Sealed data is the data used to 
adjust for differences in sensing devices. 
0183) 5. iMon Setup Dialog 
0184. A setup dialog is used to configure the iMon pro 
gram, including logging. The dialog box 320 for the iMon 
setup is shown in FIG. 11. Settings used in the iMon Setup 
dialog are described below. 
0185. A BeanType combo box 321 allows selection of the 
default bean type. Two types are Supported in the present 
example: Normal and Sensirion. A Scaled Sensor Data box 
322 is available only for the Sensirion type sensors, and 
allows a default selection for requesting sealed data from the 
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sensor. In the present example there is no individual selection 
of scaled/raw for this sensor type. If scaled is selected, all 
sensors report scaled data. 
0186 A Logging File 323 is the path and the filename for 
the logging file which iMon creates. Files are in comma 
separated ASCII format. The browse button 323a allows 
selection of directory and filename. A Default Logging Inter 
val 324 may be used when creating new beans in the iMon 
application. The intervals are as described herein. 
0187. An Auto Launch325 option automatically launches 
the logging system upon starting the program. In the present 
example, this option functions only in conjunction with API 
Auto Launch. Filenames and logging interval should be set 
prior to selection of this option or default settings will be used. 
An Integral Log Times 326 option delays the first logging 
sequence until the logtime falls on a minute or hour boundary. 
0188 B. Alarm and Event Specification 
0189 As well as logging data, iMon also monitors each 
iBean's data and checks it against predetermined levels. 
Should an iBean's data fall outside the predetermined bound 
aries, an alarm condition may be raised. The functionality of 
the event, the alarm components of iMon, and the user inter 
face changes that result are described below. 
0.190) 1. Alarms 
0191 As used herein, an alarm is a condition where a 
logged quantity exceeds a user-specified limit. Having an 
alarm based on a fixed absolute value may be of limited value. 
Instead, an alarm in the present example can be based on a 
comparison of an individual iBean's readings to a group of 
similar iBeans. Should the iBean’s reading be outside a limit 
based on a group average, the alarm condition will be raised. 
iMon can identify each iEean with an elevation, position, or 
location. Beans within each elevation can be compared to 
each other's average reading for alarm comparison purposes. 
0.192 Alarm conditions may be set globally for battery 
Voltage. Such as for a low level, absolute value Voltage. Each 
iBean can be checked against this limit. Each iEean's battery 
Voltage can be checked against the global alarm value. 
0193 Alarm conditions may be set per iBean for iBean 
digital inputs. Alarms may be set for active high or low level. 
Alarm conditions may be set per elevation for A/D inputs. A 
high or low alarm may be set. The limit criteria may be either 
an absolute limit or a percentage limit in relation to other 
beans in the elevation. A high or low alarm may be set for 
temperature and humidity. The limit criteria may be either an 
absolute limit or a percentage limit in relation to otheriBeans 
in the elevation. 
0194 2. Alarm Detection 
0.195 As currently formatted, alarm checking occurs only 
at the logging interval time sample. For instance, assume a 
logging interval of 1 hour and that alarms are enabled. If the 
quantity being measured wanders outside the alarm limits 
during the hour, but is within bounds on the hour, no alarm 
condition will be raised. 
(0196) 3. Alarm Algorithm 
0197) Each bean (sensor) is identified as belonging to a 
specific elevation. Elevations can be North (N), Northwest 
(NW), West (W), Southwest (SW), South (5), Southeast (SE), 
East (E), and Northeast (NE). During each logging interval, 
all iBean readings within an elevation can be averaged to 
obtain a mean value. Each iEean's reading within the given 
elevation is then compared to the mean reading. If the iBean's 
reading falls outside the preset limit for that reading, the 
alarm condition for that elevation is raised. The elevation 

Nov. 19, 2009 

limit may be an absolute high or low value or a percentage 
value. Both a high and low limit may be set simultaneously. 
0198 4. Alarm Reporting 
(0199. When an alarm is raised, the alarm condition can be 
reported to a particular operator (e.g., a Central Office). 
Reporting options include logging alarms to the alarm log file 
and sending an email to the central office. Alarms may also be 
entered into the iMon System Log. To avoid nuisance report 
ing, alarms can be reported only once. Alarm conditions can 
be reset by user command or by a Clear Raised Alarm 
“Event. The nature of the alarm clearing events is discussed 
below. 
0200. As currently formatted, one Alarm file is created for 
all active elevations. Elevation Alarm Files follow the follow 
ing naming convention: 
0201 Prefix Elevation Alarms Date Time.dat, where: 

0202 Prefix specified on the PC Setup dialog. 
0203 Alarm text “Elevation Alarms’. 
0204 Date MMDDYY when file created. 
0205 Time HHMMSS when file created. 

0206. A common alarm file as named above can contain all 
elevation alarms for a given instance of iMon. Alarms may 
also be entered into the iMon System Log. 
0207 Data fields in the file can be as follows: Date Time, 
ID, Type, Elev, Samplint(Sec), Group, Location, Loglint(Sec), 
Battery, Alarm Hi Limit, Alann Lo Limit, Elevation Average, 
Reading, and NumOtBeans. 
(0208 5. Digital Alarms 
0209. At least one Alarm file can be created for all active 
digital alarms. Digital Alarm Files follow the following nam 
ing convention: 
0210 Prefix DigitalAlarmsDate Time.dat, where: 

0211 Prefix specified on the PC Setup dialog. 
0212 Alarm text “DigitalAlarms’. 
0213 Date MMDDYY when file created. 
0214 Time HHMMSS when file created. 

0215. A common alarm file as named above will contain 
all digital alarms for a given instance of iMon. Alarms may 
also be entered into the iMonSystemLog. 
0216 Data fields in the file areas follows: Date Time, ID, 
Type, Elev, Samplint(Sec), Group, Location, Loglint(Sec), Bat 
tery, Alarm Hi, Alarm Lo, and Digital Input Status. 
0217 6. Alarm User Interface 
0218 iMon’s user interface can be changed in the follow 
ing areas: menus and setup dialogs. FIG. 12 shows the 
changes to the Menu User Interface. The Alarms menu 330 
supports an Auto Launch 331 option that will automatically 
launch the Alarm system on iMon launch. 
0219. 7. Events and Event User Interface 
0220. As shown in FIG. 13, the user can enable, disable, 
and setup system events from the Events menu 332 selection. 
An “Event' is a programmable action that may be executed at 
Some point in the future based on an event condition. In the 
present example, the following event types are Supported: 

0221 Time Event. A time event performs an action at 
some periodic time of the week (TOW) or time of the 
month (TOM). TOW and TOM are programmable. Time 
event actions include the transfer of all files in the log 
ging directory to the central office server and archiving 
the logging directory. 

0222 Clear Raised Alarms. Selection of this option 
clears all raised alarms on a TOW and TOM basis. 

0223) The foregoing description of the exemplary 
embodiments, including preferred embodiments, of the 
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invention has been presented only for the purpose of illustra 
tion and description and is not intended to be exhaustive or to 
limit the invention to the precise forms disclosed. Numerous 
modifications and adaptations thereof will be apparent to 
those skilled in the art without departing from the spirit and 
Scope of the present invention. 

1.-43. (canceled) 
44. A method comprising: associating a first value of a first 

parameter measured by a first sensor at a first time with a first 
geometric shape comprising a first size; associating a second 
value of the first parameter measured by the first sensor at a 
second time with a second geometric shape comprising a 
second size different than the first size; and displaying the first 
and second geometric shapes Superposed on a graphic repre 
sentation of a structure, wherein a position of the displayed 
first and second geometric shapes corresponds Substantially 
to a position of the first sensor disposed in the structure. 

45. The method of claim 44, further comprising: associat 
ing a first value of a second parameter measured by a second 
sensor at the first time with a first color; associating a second 
value of the second parameter measured by the second sensor 
at the second time with a second color different than the first 
color, Superposing the first color on the first geometric shape 
displayed on the graphic representation of the structure; and 
Superposing the second color on the second geometric shape 
displayed on the graphic representation of the structure. 

46. The method of claim 45, wherein the first parameter 
comprises a physical property comprising at least one of a 
temperature, humidity, relative humidity, moisture, stress, 
strain, position, deformation, vibration, acceleration, pres 
Sure, motion, electrical resistance, and electrical capacitance. 

47. The method of claim 46, wherein the second parameter 
comprises a physical property different than that of the first 
parameter. 

48. The method of claim 44, further comprising: associat 
ing a first value of a second parameter measured by a second 
sensor at the first time with a first pattern; associating a second 
value of the second parameter measured by the second sensor 
at the second time with a second pattern different than the first 
pattern; Superposing the first pattern on the first geometric 
shape displayed on the graphic representation of the struc 
ture; and Superposing the second pattern on the second geo 
metric shape displayed on the graphic representation of the 
Structure. 

49. The method of claim 48, wherein the first parameter 
comprises a physical property comprising at least one of a 
temperature, humidity, relative humidity, moisture, stress, 
strain, position, deformation, vibration, acceleration, pres 
Sure, motion, electrical resistance, and electrical capacitance. 

50. The method of claim 49, wherein the second parameter 
comprises a physical property different than that of the first 
parameter. 
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51. The method of claim 44, wherein the first geometric 
shape comprises a circle and the second geometric shape 
comprises a ring. 

52. The method of claim 44, wherein the displayed second 
geometric shape circumscribes the displayed first geometric 
shape. 

53. The method of claim 52, wherein the displayed second 
geometric shape and the displayed first geometric shape are 
concentric with one another. 

54. A computer-readable medium on which is encoded 
program code, the program code comprising: program code 
for associating a first value of a first parameter measured by a 
first sensor at a first time with a first geometric shape com 
prising a first size; program code for associating a second 
value of the first parameter measured by the first sensor at a 
second time with a second geometric shape comprising a 
second size different than the first size; and program code for 
displaying the first and second geometric shapes Superposed 
on a graphic representation of a structure, a position of the 
displayed first and second geometric shapes corresponding 
substantially to a position of the first sensor disposed in the 
Structure. 

55. The computer-readable medium of claim 54, further 
comprising: program code for associating a first value of a 
second parameter measured by a second sensor at the first 
time with a first color, program code for associating a second 
value of the second parameter measured by the second sensor 
at the second time with a second color different than the first 
color, program code for Superposing the first color on the first 
geometric shape displayed on the graphic representation of 
the structure; and program code for Superposing the second 
color on the second geometric shape displayed on the graphic 
representation of the structure. 

56. The computer-readable medium of claim 54, further 
comprising: program code for associating a first value of a 
second parameter measured by a second sensor at the first 
time with a first pattern; program code for associating a sec 
ond value of the second parameter measured by the second 
sensor at the second time with a second pattern different than 
the first pattern; program code for Superposing the first pat 
tern on the first geometric shape displayed on the graphic 
representation of the structure; and program code for Super 
posing the second pattern on the second geometric shape 
displayed on the graphic representation of the structure. 

57. The computer-readable medium of claim 54, further 
comprising program code for displaying the second geomet 
ric shape circumscribing the first geometric shape. 

58. The computer-readable medium of claim 57, further 
comprising program code for displaying the first and second 
geometric shapes concentric with one another. 

c c c c c 


