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ENVIRONMENTAL MEASUREMENT 
DISPLAY SYSTEMAND METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. The present application is a continuation of PCT 
Application No. PCT/US2014/029133, filed 14 Mar. 2014, 
which claims priority to U.S. Provisional App. No. 61/802, 
310, filed 15 Mar. 2013: U.S. Provisional App. No. 61/847, 
079, filed 16 Jul. 2013: U.S. Provisional App. No. 61/847, 
555, filed 17 Jul. 2013; and U.S. Provisional App. No. 61/858, 
563, filed 25 Jul. 2013, all of which are incorporated by 
reference herein in their entireties. 

TECHNICAL FIELD 

0002 Environmental measurement display systems and 
methods are disclosed relating generally to the field of air 
quality measurement. 

BACKGROUND 

0003 Humans are capable of detecting both toxic and 
non-toxic chemicals with their sense of smell and without 
specialized training it can be difficult for humans to differen 
tiate between safe chemicals and harmful chemicals. Some 
chemicals can be harmful in concentration, but harmless in 
small amounts, and it can be difficult for humans to differen 
tiate between safe and harmful levels by smell alone. Finally, 
the definition of safe and harmful levels can vary depend on 
the environment and on individual sensitivity of a person (or 
a product stored in an environment). Thus, there is a need in 
the environmental sensor field to create a new environmental 
measurement display system and method. 
0004 Real estate derives a great deal of value from envi 
ronmental quality of both air and water. A verifiable environ 
mental report for a property showing excellent, neutral or 
poor environmental quality can have a direct effect on the 
price of both residential and commercial real estate, as well as 
rental, leasing and hospitality rates. It would be to the advan 
tage of a real estate owner or seller to demonstrate the quality 
of their environment, and a financial premium estimate for a 
good environmental score, and a financial penalty estimate 
for a low environmental score can be assigned, allowing 
buyers and sellers to properly value property in many differ 
ent transactions and environments. 
0005 Perishable goods can go bad if not stored properly, 
and things like grains, eggs, meat, fish, seafood, dairy prod 
ucts, and produce can be sensitive and cause food poisoning 
if not stored properly. Perishable products verifiably stored in 
proper environments may be sold at a premium to other prod 
ucts not necessarily verifiably stored in proper environmental 
conditions. For example, Kobe Beef stored in optimal condi 
tions can be certified as premium stored, and can be sold for 
a higher premium, depending on the quality of the environ 
ment. Similar to how diamonds are graded, even though the 
naked eye cannot tell the difference, a finer measurement can 
differentiate between quality, and this measurement for per 
ishable goods can be the storage environment. 
0006 Valuable documents or antiques require specific 
environments to ensure they maintain their condition and 
value. An antique that has been stored in an optimal environ 
ment can be expected to sell for a premium, and an environ 
mental sensor measurement of the storage environment can 
Verify the quality of the storage environment. 
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0007 Accordingly, a system and method for tracking and 
reporting the environmental quality and the respective impact 
on the value for specific real estate, perishable goods, and 
valuable documents or antiques is desired. 

SUMMARY OF THE INVENTION 

0008. A system for monitoring air quality in an environ 
ment is disclosed. The system can have a first air quality 
sensor array located in the environment, a microprocessor 
connected to the sensor array, a power source having a wall 
plug, a server, and a first wireless communication system. The 
wireless communication system can be connected to the 
microprocessor. The communication system can be config 
ured to transmit data from the first sensor array to the server. 
0009. A method for monitoring air quality in an environ 
ment is disclosed. The method can include plugging an air 
quality monitoring system into a wall power outlet in the 
environment. The air quality monitoring system can have a 
first air quality sensor array. The method can include sensing 
an air quality factor in the environment with the first air 
quality sensor array. The method can include converting the 
air quality factor into a data signal, where the converting can 
be performed by the air quality monitoring system. The 
method can include wirelessly transmitting the data signal 
from the air quality monitoring system to a server. 
0010 Furthermore, a method for monitoring air quality in 
a first environment and a second environment is disclosed. 
The method can include positioning a first air quality moni 
toring system in the first environment. The first air quality 
monitoring system can have a first air quality sensor array. 
The method can include positioning a second air quality 
monitoring system in the second environment. The second air 
quality monitoring system can have a second air quality sen 
sor array. The method can include sensing an air quality factor 
in the first environment with the first air quality sensor array, 
and sensing the air quality factor in the second environment 
with the second air quality sensor array. The method can 
include converting the first air quality factor into a first data 
signal with the first air quality monitoring system, and con 
Verting the second air quality factor into a second data signal 
with the second air quality monitoring system. The method 
can include wirelessly transmitting the first and second data 
signals to a server. 
0011. Also disclosed is an environmental monitoring sys 
tem that can have a first sensor system, a server and a data 
storage device. The first sensor System can be located in a first 
environment. The first sensor system can be configured to 
measure a first environment quality factor and output first 
sensor data. The server can be configured to receive the first 
sensor data from the first sensor system. The server can be 
configured to process the first sensor data and output first 
economic data for the first environment. The data storage 
device can be configured to store the first economic data for 
the first environment. 

0012. An environmental monitoring method is disclosed 
that can include detecting a first environmental quality factor 
in a first environment with a first sensor system. The method 
can include outputting a first sensor System data from the first 
sensor system. The method can include receiving the first 
sensor System data by a server. The method can include cal 
culating by the server a first economic data for the first envi 
ronment. The server can use the first sensor system data in the 
calculation. 
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0013. A further environmental monitoring method is dis 
closed. The method can include detecting at a first time with 
a first sensor System a first environmental quality factor in a 
first environment. The method can include outputting a first 
sensor System data from the first sensor System. The method 
can include the server receiving the first sensor System data. 
The method can include the server comparing a first eco 
nomic data for the first environment to a second economic 
data. The comparing by the server can include outputting an 
economic delta for the first environment. The economic delta 
can be a difference in the economic state, for example over 
time or in comparison to another environment or environmen 
tal factor. 
0014. A property monitoring system for monitoring prop 
erty at a first location is disclosed. The system can have an 
environmental sensor System at the first location. The envi 
ronmental sensor system can be configured to produce data 
on an environmental quality factor. The system can have a 
first data storage system configured to have a first database in 
communication with the environmental sensor System, 
wherein the first database is configured to have data on a 
market value for the property. The system can have a proces 
Sor configured to calculate a product value by modifying the 
market value with the data for the environmental quality 
factor. 
0015. Additionally disclosed is a method for monitoring 
property at a first location. The method can include sensing an 
environmental quality factor at the first location. The sensing 
can be performed with an environmental sensor system. The 
method can include retrieving a market value for the property 
from a first data storage system. The method can include 
calculating with a processor a product value for the property 
by modifying the market value with the data for the environ 
mental quality factor. 
0016 Furthermore, a method for monitoring property at a 

first location is disclosed. The method can include attaching 
an environmental sensor System to the property. The method 
can include sensing an environmental quality factor at the 
property. The sensing can be performed with the environmen 
tal sensor system. The method can include retrieving from a 
first data storage system a market value for the property. The 
method can include calculating with a processor a product 
value of the product by modifying the market value with the 
data for the environmental quality factor when the sensor 
system is attached to the property. 
0017. An environmental monitoring method is disclosed. 
The method can include sensing an environmental quality in 
a first environment. The sensing can be performed with an 
environmental quality monitoring system. The sensing can 
produce environmental data. 
0018. The method can include recording the environmen 

tal data in a first database. The method can include encrypting 
the environmental data. The method can include transmitting 
the environmental data from the first database to a first com 
puter, such as a computer executing a web browser and 
searching for the environmental data. The method can include 
decrypting the environmental data on the second computer. 
0019 Disclosed is an environmental monitoring method 
that can include sensing environmental quality data in a first 
environment. The method can include attaching location data 
to the environmental quality data to form composite data. The 
method can include recording the composite data in a first 
database, and transmitting the composite data from the first 
database to a computer. 
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0020. An environmental monitoring method is disclosed 
that can include sensing environmental quality data in a first 
environment, and attaching a timestamp to the environmental 
quality data to form composite data. 
0021. A method of displaying environmental quality mea 
Surements is disclosed. The method can include measuring 
the output of a first environmental sensor, recording the out 
put of a first environmental sensor, generating a report from 
the output of at least one environmental sensor, and assigning 
a commercial value to a location monitored by at least one 
environmental sensor. The commercial value can be assigned 
to an environment in real time. The method can communicate 
the commercial value to a user, as well as a personalized value 
in real time that relates to an individual’s requirements at any 
given time due to their health condition and other personal 
ized factors. The user could be apet, for example a cat and dog 
or different breeds may need or thrive in different air quality 
environments. 
0022. The method can include sharing or reporting any of 
the recorded, generated or assigned information. Recording 
the output of at least one environmental sensor can include 
encrypting the recorded output of the at least one environ 
mental sensor. The recorded output can be encrypted with an 
encryption key associated with a user. The sharing or report 
ing the information can include decrypting the recorded out 
put of at least one environmental sensor using an encryption 
key associated with a user. 
0023 Assigning a commercial value to a location moni 
tored by at least one environmental sensor further can include 
computing a commercial value using a function derived from 
a plot of pricing data and environmental quality data. 
0024. A method of displaying environmental quality mea 
Surements is disclosed. The method can include measuring 
the output of at least one environmental sensor, recording the 
output of at least one environmental sensor, generating a 
report from the output of at least one environmental sensor, 
and assigning a commercial value to a product stored at a 
location monitored by at least one environmental sensor. 
0025. The assigning of the commercial value to the prod 
uct stored at the location monitored by the at least one envi 
ronmental sensor can include computing a commercial value 
using a function derived from a plot of product pricing data 
and environmental quality data. 
0026. The data processor of the system can display or send 
a maintenance notification when a sensor data value crosses a 
threshold. For example, if the sensor crosses an air particulate 
threshold, the system can display or send a notification (e.g., 
to the server or a computer or Smartphone connected by 
Bluetooth or Wifi) to change an air filter in the environments 
HVAC system. If the sensor crosses an time threshold, the 
system can display or send a notification to perform a sched 
uled maintenance task (e.g., clean the system or the environ 
ment). If the sensor crosses an animal dander count threshold, 
the system can display or send that the animals in the envi 
ronment need to be washed. If the sensor crosses a calibration 
threshold, the system can display or send that the sensor needs 
to be replaced. If the sensor crosses a power threshold, the 
system can display or send that a battery in the system needs 
to be replaced. If the sensor crosses a toxic chemical thresh 
old, the system can display or send that a danger exists. 

BRIEF DESCRIPTION OF THE FIGURES 

0027 FIG. 1 is a diagram of a variation of an environmen 
tal measurement display system. 
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0028 FIG. 2 is a diagram of a variation of the environmen 
tal measurement display system. 
0029 FIG.3 is a diagram of a variation of the environmen 

tal measurement display system. 
0030 FIGS. 4A and 4B are diagrams of variations of a 
display device of the environmental measurement display 
system. 
0031 FIG. 5 is a flowchart of a method of displaying 
environmental quality measurements. 
0032 FIG. 6 is a variation of a network diagram for moni 
toring the environmental quality at multiple environmental 
locations. 

DETAILED DESCRIPTION 

0033 FIG. 1 illustrates a variation of an environmental 
measurement display system 100. The system can be used in 
a home, commercial environment (e.g., office, industrial 
environment, hospitality environment, warehouse, shipping 
container, airplane cabin, ship cabin, train car, liquid storage 
tank (for transporting food grade products, medical grade 
products, fuel products, water, or any other liquid), dispos 
able packaging Such as a produce container or a lobster box, 
or combinations thereof), to monitor the quality of their envi 
ronment. Environmental quality factors can include air qual 
ity factors, such as levels of organic compounds or allergens. 
The system 100 can display that the quality of the environ 
ment is good and stable or that there is a potentially harmful 
or allergenic environment that may need to be addressed. 
0034. The environmental measurement display system 
100 can include an environmental sensor array 110, signal 
processing circuitry 120, a power Supply 140, and a display 
device 130. 
0035 FIG. 2 illustrates that the display systems 200 can 
have visual interfaces and external devices for collecting and 
visualizing environmental data. FIG. 3 illustrates that the 
environmental measurement display system 300 can have no 
local display device 130. 
0.036 FIGS. 2 and 3 illustrate that the environmental mea 
surement display systems 200 and 300 can include a commu 
nications system 150, a data storage system 155, a remote 
data visualization system 158 and a chassis 160. 
0037. The environmental sensor array 110 can measure 
properties of an environment in which the environmental 
measurement display system 100 is located. The environmen 
tal sensor array 110 can have one or more sensors such as 
mass spectrometers, nano-plasmonic sensors, chemical sen 
sors, optical particle sensors, ionization particle sensors, 
barometers, thermometers, humidity sensors, oxygen sen 
sors, carbon dioxide sensors, nitrogen sensors, Smoke detec 
tors, accelerometers, GPS’s, Geiger counters, CMOS/CCD 
image sensors. RF radiation detectors, or combinations 
thereof. The array 110 can have one or more sensors of each 
type, for example for redundancy in the event of a sensor 
failure or erroneous reading, and/or for improved accuracy 
and/or precision. The sensor array110 can include at least one 
particle sensor for detecting allergens such as dander, pollen, 
dust, exhaust, carbon monoxide, radon and Smoke. The sen 
sor array 110 can include sensors for detecting exposure time 
and/or concentration levels of Volatile organic compounds, 
particle size, particle counts in air and/or in water. 
0038. The signal processing circuitry 120 can remove 
noise from signals received from sensors in the environmental 
sensor array 110. The signal processing circuitry 120 can 
normalize at least one signal from the environmental sensor 
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array 110 and can convert at least one signal from the envi 
ronmental sensor array 110 to a suitable output for a display 
130. For example, the environmental sensor array 110 can 
generate a chemical level signal corresponding to a chemical 
level present in the air. The signal processing circuitry 120 
can convert the chemical level signal to a signal that can be 
processed by a display device 130. 
0039. The signal processing circuitry 120 can include sig 
nal filters 122, a mixed signal processing integrated circuit, a 
mixed signal microprocessor 128. Such as those made by 
Texas Instruments, or combinations thereof. The signal pro 
cessing circuitry 120 can include encryption hardware or 
Software to encrypt the signal data. 
0040. The conditioning or signal processing circuitry 120 
can include a danger alarm 123. The danger alarm 123 can be 
a lower level circuit that can Sound an alarm when a harmful 
level of at least one chemical is detected, for example if an 
attached display device 130 is malfunctioning, disconnected, 
broken or otherwise disabled. The danger alarm 123 can 
Sound an alarm with a speaker or other audio transducer. Such 
as a Smoke detector alarm sound mechanism. The danger 
alarm 123 can use a network connection of a communications 
device to transmit an alarm to a central communications 
station where a user or person in the environment can be 
contacted, notified and can either investigate the problem, or 
evacuate the area and wait for a chemical response team. 
0041. The sensor array110 can detect air particles, such as 
dust, dander and other allergens, and can send a notification 
via the processor or danger alarm 123 to a server, other 
system, computer, or handheld device connected by wired or 
wireless (e.g., Bluetooth, Wilfi) communication to the system 
100 in the environment with instructions to perform an envi 
ronmental clearing action Such as ventilating the area, chang 
ing an air filter, turning on a filtration system, running a 
humidifier, or combinations thereof. When a human activity 
or a machine-controlled activity is causing changes to the 
environment, the danger alarm 123 can encourage the 
changes (if they are positive, Such as ventilation), or discour 
age the changes (if the environmental changes are negative) 
by Sounding an alarm or sending a notification to a user or a 
machine. The danger alarm 123 can suggest safety tips and 
precautions such as advising a human to wear a mask while 
vacuuming an environment with dangerous levels of dust, or 
advising a human or a machine to ventilate an area, and/or 
slow down the rate of application of a chemical product or 
paint and/or use personal protection equipment such as a 
ventilation mask. When the system 100 detects that food is 
being burned in a kitchen, the danger alarm 123 can notify a 
human immediately, instead of waiting for the human nose to 
detect the burning smell. 
0042 Multiple danger alarms 123 can be used simulta 
neously, and can have different notification Sounds, lights, 
notification methods or messages. For example, a Smoke 
detection sound could be different from a sound played when 
a dangerous level of dust is detected. 
0043. The display device 130 can display signal informa 
tion from the sensor array 110 and/or processed signals from 
the signal processing circuitry 120. The environmental moni 
toring system 100 can operate (e.g. take measurements and/or 
notify users of dangerous levels) when the display device 130 
is broken or non-functioning. The display 130 can be cali 
brated to display a range of values and information, including 
numerical measurements, or just simply shades of grey or 
colors on a spectrum. The display device 130 can be an 
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organic light emitting diode (OLED) display, a color liquid 
crystal display (LCD), a binary LCD, a gray scale LCD, a 
grayscale e-ink display, a color c-ink display, a Braille output 
device, laser projection display, or combinations thereof. The 
display device 130 can be a remote display device, for 
example a monitor on a computer which can be displaying an 
Internet browser, a Smartphone or a tablet screen displaying a 
remote Smartphone application, a monitor or screen display 
ing the output of a computer program executing on a hard 
ware chip, or combinations thereof. 
0044) For example, as a harmful chemical is detected by a 
sensor array 110, and processed by signal conditioning or 
processing circuitry 120, the display device 130 can display 
the processed signal in a user-comprehendible format. The 
user-comprehendible format can be a color, numbers, chemi 
cal formulas, images, chemical images, structural chemical 
formulas, tessellations with gradients of larger or Smaller 
element sizes, tessellations of increasing or decreasing ele 
ment sizes (e.g. as a larger or Smaller magnitude of signal is 
detected, the element size in the tessellation is adjusted to be 
larger or Smaller) or combinations thereof. 
0045. The display device 130 can display textures, pat 
terns or colors can be displayed on binary LCD, grayscale 
LCD, grayscale c-ink display, color LCD, or color-e-ink dis 
play, or any other display capable of displaying patterns. The 
parameters such as textures, patterns, images or colors can 
correspond to detected chemical levels. For example, the 
display device 130 can display a hex texture or pattern when 
benzene is detected. As the system 100 detects increasing 
levels of benzene, the display device 130 can change the size, 
scale, darkness, pitch, color, dimension, perspective (convert 
ing from 2-D to 3-D), visualization orientation, or combina 
tions thereof of the hex pattern. The display device 130 can 
change color (either the background color or the foreground 
color) of one or more displayed images in response to changes 
in the chemical signals detected by the system 100. For 
example, as the system 100 detects increasing level of ben 
Zene on an absolute scale, the display device 130 can change 
the displayed colors from a light green to a yellow to orange 
to red (with red indicating a harmful level of benzene present 
in the air). The colors could increase or decrease tint, Satura 
tion, hue, contrast, brightness, transparency, fade, or combi 
nations thereof. 

0046. The display device 130 can show graphics that can 
include a pie chart, a bar chart, a scatter plot, a time-series 
plot, or any other Suitable graphical analysis, to provide a user 
with information about the chemicals in the environment. The 
display device 130 can show images of chemicals, color 
scales or numbers. The display device 130 can grow or shrink 
the displayed image of the chemical proportionally relative to 
the chemical levels detected by the system 100 (e.g., scaling 
up or down). The display device 130 can show graphics that 
can include sensor life, System uptime, system maintenance 
data or commands and recommendations (e.g. change a sen 
Sor, clean a sensor, calibrate a sensor), battery life remaining, 
wireless or wired signal connectivity, danger alarms enabled 
or disabled, status messages, or combinations thereof. 
0047 FIGS. 4A and 48 illustrate that a display device 130 
can include at least one color wheel display 132 and at least 
one motor 134. The color wheel indicator 132 can include an 
arrow or other marker that can be aligned with the color wheel 
to indicate which area on the color wheel corresponds with 
the current environmental quality measurement level. 
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0048 FIG. 4b illustrates that the upper half of the color 
wheel indicator 132 can have a rotatable ring 135. The rotat 
able ring 135 can have a band of color along the outside or 
shades of grayscale on the outside of the ring 135, such that a 
user can identify the approximate level of environmental 
quality from the colors displayed on the ring 135. 
0049. The lower half of the color wheel indicator 132 can 
include a color or texture based gauge. Multiple color wheel 
indicators 132 can be used together to display additional 
information, for example to provide additional resolution 
and/or precision to the display. For example, a transparent 
color wheel with additional colors could be rotated by an 
additional motor or the same motor 134 (possibly rotated at a 
different rate using gearing) to modify the colors presented. 
An additional color wheel can be shades of grey. An addi 
tional color wheel can be a transparency filter. At least one 
color wheel can include transparent gradients around the ring 
or the color wheel of increasing opacity of Red, Green, and 
Blue, and/or Cyan, Magenta, Yellow. 
0050. The motor 134 in the display device can move or 
rotate the color wheel or a colorring in a color wheel indicator 
132. The motor 134 can receive signals from the signal con 
ditioning or processing circuitry 120 and can actuate the color 
wheel indicator 132 to display a color on the color wheel that 
corresponds to the signal that has been measured by the 
sensor array 110, and then processed by the signal condition 
ing circuitry 120. Using the motor 134 to control the color 
wheel indicator 132 can use less power than an active, or even 
passive display device, such as an LCD, or an e-ink screen. 
The motor 134 can be a small DC brushed motor, a brushless 
DC motor, a piezo type ratcheting motor, or combinations 
thereof. The motor 134 can be controlled using a control loop 
to track position and can use homing sensors (either optical 
sensors, magnetic sensors, or any other Suitable sensor) as a 
control scheme for the motor 134. The motor 134 can home to 
a Zero-position, and then run open-loop. The motor 134 could 
run in a closed-control loop using an encoder, such as an 
optical encoder, a mechanical encoder, a potentiometer, or 
combinations thereof. 
0051. The power supply 140 can power the electronics for 
the other elements of the system, including a sensor array110. 
signal conditioning circuitry 120, display device 130, com 
munications system 150, and other components in the system 
that require power. The power supply 140 can be a trans 
former for an alternating current, such as standard wall socket 
plug or a direct wiring to a home or building electric grid, a 
mechanical generator, a diesel generator, or any combinations 
thereof. The power supply 140 can also be a battery, a DC 
current power Supply, a DC current from a computer (for 
example through a USB port), a photodiode, a photovoltaic 
cell, or combinations thereof. 
0.052 The chassis 160 can physically fix to, support, and/ 
or orient the components of the system 100. The chassis 160 
can Support the orientation of the sensor array 110, and a 
grating in the chassis could prevent large particles, soil and 
mud from damaging or otherwise obscuring inputs into the 
sensor array 110. The chassis 160 can support at least one 
display 130 and can either house a power supply 140, such as 
a battery, a power Supply plug, a photodiode, a photovoltaic 
cell, a power plug, a collapsible power plug, a power plug and 
transformer combination. 

0053. The local communication device 150 can commu 
nicate with a remote device, and can transmit signal data 
generated by a sensor array 110 and conditioning circuitry 
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120 to a remote device for monitoring, storage, notifications, 
or combinations thereof. The communication device 150 can 
be a wireless or a wired device. The wireless device can be a 
WiFi device, a mobile data modem (such as a 2G, 3G, 4G LTE 
device), a Zigbee communication device, a Bluetooth device, 
a wireless USB device, infra-red transmitter, an ethernet over 
electrical grid connection, or combinations thereof. 
0054 FIGS. 2 and 3 illustrate that the remote communi 
cation device 151 can receive data from the local communi 
cation device 150, and store the received data on a data 
storage device 155. The data can be control signal data, envi 
ronmental data generated from a sensor array 110 and signal 
conditioning circuitry 120, alarm data generated by a danger 
alarm 123, battery power charge remaining, or any combina 
tions thereof. 

0055. The remote communication device 151 can be 
directly connected to the local communication device 150. 
The devices 150 and 151 can be connected on the same board 
or the same chip, connected by an Ethernet cable, connected 
by a wireless channel, or combinations thereof. The remote 
communication device151 can be directly connected to a data 
storage device 155. The remote communication device 151 
can be connected to a data storage device 155 through an 
internet connection (e.g., wired, wireless WiFi, 3G, 4G, LTE, 
or any other Suitable wireless connection), acting as a hub. A 
single remote communication device can function as a hub for 
at least one sensor device and/or connect and transmit data to 
and from multiple sensor systems 100 and at least one data 
storage device 155. 
0056. The data storage device 155 can store the signals 
produced by the sensor array. The stored signals can be post 
processed, time-stamped for time series processing, filtered, 
compressed, or analyzed before storing. The data storage 
device 155 can be a storage system such as a networked 
computer server, including a database on a hard disk, a data 
base stored in Volatile or non-volatile memory, data stored in 
a text file, data stored on multiple servers comprising a dis 
tributed database server platform, or combinations thereof. 
0057 The data visualization interface 158 can visualize 
the stored data. The data visualization interface 158 can dis 
play information Such as reports, charts, time series plots, pie 
charts, spectrums, spectrograms, or combinations thereof. 
The data visualization interface 158 can generate a report as 
an image file and/or a document (such as a Microsoft word 
document or a PDF document) and send the visualization via 
email or MMS message to a user. The data visualization 
interface 158 can be a website accessible via a web browser 
where a user can select at least one type of report generated 
from the signal data generated by their sensor device. 
0058. The data visualization interface can provide anony 
mized comparisons with neighbors or similar classes of users, 
to enable a user to compare the environment where the sensor 
has been placed with comparable locations, and providing a 
relative comparison for health, safety, and/or general interest. 
The data visualization interface 158 can operate as a smart 
phone (i.e., mobile) application, Such that the phone can 
provide the display and a user interface for the data visual 
ization, for example, allowing the selection of a type of time 
series chart, and enabling a user to Zoom in on the chart 
graphic by sliding their fingers apart on the Screen. 
0059 A mobile application can enable remote monitoring 
of the system 100 by the remote communication device 151 
from a remote or local location. For example, users can moni 
tor environmental data of remote storage sites, homes, or 
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offices. A data visualization interface 158 can include a selec 
tion mechanism to determine a display type (e.g. a selection 
box or a slider bar with options such as basic, intermediate or 
advanced-depending on the technical level of the user, or the 
application purpose of the environmental sensor device). 
Configuration of a danger alarm 123 notifications and alerts, 
danger alarm threshold levels and other settings can be con 
figured from the data visualization interface 158. The data 
visualization interface 158 can allow a user to decrypt the 
information from an environmental sensor device. For 
example an encryption key could be stored on the outside of 
the device, and a user can enter the encryption key to decrypt 
the information prior to sharing, and/or generating a report. 
0060. The remote communication device 151 can be a 
Smartphone, a tablet, or a computer, an embedded system 
appliance (e.g. a hub) or other Suitable device. The remote 
communication device 151, the data storage device 155 and 
the data visualization interface 158 could be located on a 
remote webserver, a user's Smartphone, a home computer, a 
regional computer of a landlord or property manager or orga 
nization. A Zigbee dongle can be configured to be the remote 
communication device 151 for a specific environment (e.g., a 
home or office), and can then function as a data storage device 
155 and a data visualization interface 158, and perform any 
processing and or communication with a remote data server 
(e.g. reporting for corporate compliance or offsite data stor 
age). Similarly, a Smartphone can have a Zigbee attachment 
or built in Zigbee connectivity, or use Bluetooth to as the 
remote communication device 151, and use the memory on 
the phone as storage device 155, and the user interface on the 
phone as the data visualization interface 158. 
0061. A second chassis can include a remote communica 
tion device 151, and can store the received sensor data on a 
local data storage device 155, and/or transmit the data further 
to a remote computer server system over the internet or a 
network, for storage on a remote data storage device 155, and 
subsequent visualization on a data visualization device 158. 
The second chassis can include a second sensor array in the 
second chassis. The second sensor array can confirm and/or 
calibrate sensor readings from the first environmental sensor 
array 110 in the environmental measurement display system 
100, and can improve power consumption and sensor sensi 
tivity. If the environmental sensor array 110 receives poten 
tially erroneous readings or data (e.g., the data is outside of 
0% to 100% of a historical range or outside of a 5% to 95% 
historical range for the array 110), the data from the first and 
second sensors arrays can be compared before sounding an 
alarm locally with a danger alarm 123, or communicating to 
a cloud based data visualization interface 158. 

0062. The data visualization interface 158 can generate 
reports such as maintenance reminders for an environment 
(such as changing an air filter, opening a window for ventila 
tion, taking out the garbage), notifications of dangerous levels 
of chemicals, reports for various time periods (e.g. weekly, or 
monthly trends in their local environment), an environmental 
quality rating over time, a value premium estimate for a 
residential or commercial property based upon the environ 
mental quality observed over time, an insurance premium 
computation, a cost-of-damage assessment, or combinations 
thereof. The data visualization interface 158 can process data 
using data from numerous users to determine optimized 
thresholds and danger alarm levels. 
0063. The system 100 (e.g., the microprocessor 128) can 
execute artificial intelligence algorithms to determine opti 
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mal settings for a particular device, environment, building 
type, user application, and/or user class, and the results can be 
transmitted to the particular device to improve performance 
(e.g. calibration, power consumption, safety, accuracy, preci 
sion of devices of the environmental sensor display system). 
The settings for a particular device can be calibrated for an 
individual building, or the settings can be tested on a similar 
device in similar conditions and provide a generic "building 
type' calibration. 

METHODS OF USE 

0064. The environmental sensor system 100 can be in 
communication with non-environmental sensor systems, 
Such as home automation consoles, automobile control con 
soles, Smartphones, tablets, computers and combinations 
thereof. The system 100 can display environmental quality 
measurements with the non-environmental sensor Systems. 
0065 FIG. 5 illustrates that a method 500 of displaying 
environmental quality measurements can include measuring 
the output of at least one environmental sensor S510, record 
ing the output of at least one environmental sensor S520, 
generating a report from the output of at least one environ 
mental sensor S530, adjusting the value estimate of property 
at a location where at least one environmental sensor is 
located S540, and property owner sharing or reporting of 
information S550. 

0066. The measuring S510 can include signal condition 
ing to remove noise, comparing multiple signals from mul 
tiple sensors of the same type, and/or encrypting the signal. 
0067. The recording S520 can include recording signal 
data from at least one environmental sensor measurement. 
The recording S520 can include processing Such as filtering, 
timestamping (e.g., recording time data when the data was 
collected, sensed, recorded, and/or received), encrypting or 
combinations thereof. The recording S520 can include stor 
ing the signal data in a computer database in a device that can 
receive, store and process data Such as on a server, distributed 
across many servers, a home or office computer, a tablet, a 
Smartphone, or combinations thereof: 
0068. The report generating S530 can include the system 
100 generating the reports from environmental sensor data. 
The system 100 can process at least two points of the recorded 
environmental sensor data in a time series to generate a time 
series plot of environmental quality. 
0069. Before or after generating the report, the system 100 
can receive a decryption key (e.g., entered by a user) to 
decrypt the stored data from the user-owned sensor device. 
The system 100 can use the decryption key to decrypt the 
data. A data storage device can be maintained or operated by 
a third party (e.g., not part of the system) and servers manag 
ing the data storage device may not have access to the decryp 
tion key. 
0070 For example, the data can be encrypted before the 
data is stored, and the decryption key can be physically dis 
played on the system 100 (for example attached to an envi 
ronmental sensor system 100 on a sticker). The system opera 
tor can be the only person to have access to data generated by 
their own device, and would have to authorize the sharing of 
that information. Smartphone applications or data visualiza 
tion interfaces, or internet browser based web applications 
could require a decryption key before accessing the data, 
further protecting a users information from third parties that 
may have an interest in obtaining the data. If accelerometer 

Sep. 18, 2014 

and/or GPS sensor data is collected, a report can be validated 
or invalidated based upon detected movement of a sensor. 
0071 Estimated property values can be stored in a com 
puter memory in the system 100 or in a remote database, for 
example, not part of the system 100. The system 100 can 
adjust S540 or assign the estimated property value at a loca 
tion where at least one environmental sensor is located. The 
property value can be a commercial value of real estate, 
antiques, and/or perishable goods which derive value from 
the quality of their respective environments. The adjustments 
or assignments of the property value by the system 100 or a 
separate computer can be calculated from one or more scaling 
or weighting factors (e.g., time decay scaling based on the 
time since the data was recorded, location scaling based on 
the location of the sensor array, factor Scaling Such as a first 
weighting for a first allergen or toxic chemical and a second 
weighting for a second allergen or toxic chemical, environ 
ment Scaling based on which environment the sensor array is 
located) read by the system 100 from a database, the type of 
property (e.g., house, office, Strawberries in a storage con 
tainer, antique painting), and the current and/or historical 
environmental data recorded by the system 100. 
(0072. The system 100 can share S550 the generated 
reports and/or value adjustments or assignments with other 
computers over a network (e.g., over the Internet). The system 
100 can attach verification or certification data to the reports 
and/or value adjustments. 
0073 For example, property owners can share or report 
information or reports on the environmental quality of their 
property (if they so desire, but also possibly compulsory, if 
regulations require compulsory reporting). For example a 
butcher could report on the quality of the environment in their 
meatlocker, and be able to demonstrate the Superior quality of 
their meats. A homeowner could report the excellent air qual 
ity in their basement to prospective buyers, as a commercial 
landlord could share favorable reports with both prospective 
and current tenants, or a hotel could share environmental 
quality reports with guests. As another example, government 
sites could provide feedback to regulators and environmental 
quality compliance monitors. Regulated industries, such as 
food production, pharmaceutical production, healthcare 
facilities (hospitals and clinics), oil drilling sites, mines, 
power plants and utility companies, chemical production 
plants, paper mills, Steel mills, and other regulated industries 
could be monitored for environmental quality compliance 
and/or safety compliance by a governmental compliance 
officer, oran insurance company officer. Compliance data can 
be transmitted to a government or insurance company com 
pliance server, perhaps for later use. An individual or an 
organization can receive discounts and/or tax credits for 
maintaining compliance, as well as special certifications from 
the government, an insurance company or other overseeing 
compliance group. Such information also enables insurance 
companies and regulators to set environmental quality levels 
using data driven techniques, instead of relying on arbitrary 
opinions of Scientists and environmentalists. 
0074 FIG. 6 illustrates that a first sensor system 100a can 
be located in a first environment 400a. A second sensor 100b 
can be located in a second environment 400b. The first and 
second sensor systems 100 can transmit their respective envi 
ronmental data across a network to one or more servers 402 
(referred to non-limitingly as singular or plural herein, there 
can be a single server or a bank of local or distributed servers). 
The servers 402 can store the data in a first database in 
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memory 155 that can be in or networked to the servers 402. 
The servers 402 can be in network communication with sec 
ond computers 404. 
0075. The first and second sensor systems 100a and 100b 
can detect environmental data relating to environmental qual 
ity factors from the first and second environments 400a and 
400b, respectively, and at first and second times. The first and 
second sensor systems 100a and 100b can be in network 
communication with the server 402 and send the server 402 
the environmental data from the first and second environ 
ments 400a and 400b (i.e., first and second sensor system 
data, respectively). The server 402 can process the received 
environmental data, and save or otherwise store the environ 
mental data and the processed environmental data from the 
first and second environments 400a and 400b into the data 
storage device or system 155. 
0076. The sensor systems 100, server 402, and/or data 
storage system 155 can encrypt the data, certify the data (e.g., 
attach a key to verify that the data originated from the envi 
ronments 400a and 400b), time-stamp the data when the data 
was received, attach location data (e.g., from a GPS device in 
or in communication with the sensor systems 100, server 402, 
and/or data storage system 155, or combinations thereof), or 
combinations thereof. 
0077. The second computer 404 can request the direct 
environmental data from the first and second environments 
400a and 400b or data derived or processed therefrom, from 
the server 402 which can retrieve the requested data from the 
data storage system or device 155 and send the data to the 
second computer 404. The second computer 404 can request 
the data directly from the data storage system 155 without 
requesting the data from the server 402. 
0078 For example, the server 402 can process the envi 
ronmental data from the sensor systems 100a and 100b and 
store the processed data in the data storage system 155. The 
server 402 or second computer 404 can compare the first 
environment data at a first time to the second environment 
data at a first time and/or to first environment data at a second 
time. The data comparison can be used to calculate the change 
from the first time to the second time and/or between the first 
and second environments. 

007.9 The server 402 can alter or assign in the first data 
base the value. Such as a monetary value, of real and/or 
personal property listed for the environments 400a and 400b. 
The personal property and the respective values listed in the 
first database can be partially or completely linked over a 
network to a second database (on the first data storage system 
155 or a second data storage system), such as an inventory 
tracking database on a second server. The linked data between 
the first and second databases can be updated instantly when 
a change is made to either database, can be updated with a 
delay, can be updated with manual approval of the respective 
change, or combinations thereof. The second database (and 
therefore the first database) can have property listing and 
expected market value data updated from a third or fourth 
database, such as from inventory management and market 
price tracking databases. 
0080. The alteration or assignment of the value by the 
server 402 can depend at least partially on the comparison of 
the data of the first environment compared to the data of the 
second environment and/or the current data of the first envi 
ronment compared to the data of the first environment at the 
second time. The server 402 alteration or assignment of the 
value can depend at least partially on a market value for the 
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property and/or the inventory quantity and age of the property 
(e.g., for perishable goods, such as produce). The server 402 
can retrieve the updated or historical market value for the 
product from a networked computer or memory (e.g., a net 
worked computer or memory recording commodities trading 
prices for the product). The server 402 can calculate—and 
record in the database 155—the changes in economic value 
and/or environmental quality data for the first and/or second 
environments compared to each other, overtime (e.g., at a first 
time and a second time), compared between different envi 
ronmental factors (e.g., comparing the particles of cedar pol 
lento the particles of grass pollen, or the time change of each), 
or combinations thereof. The sensor array can be attached to 
the environment of the products (e.g., to an inside wall of a 
shipping container) and/or to the product or the products 
packaging. 
I0081. The second computer 404 can access the alteration 
(i.e., the change in value) or assignment (i.e., the entire value) 
of the first and/or second property values stored in data Stor 
age system 155. 
I0082 Part or all of the system 100 can be stationary. A 
component of the system 100 can ping any Bluetooth low 
energy device near the component of the system 100 to 
retrieve GPS values so that the component or system 100 can 
verify its location. The system 100 can transmit its location, 
for example in when the emergency alarm is activated. 
I0083. The examples and illustrations included herein 
show, by way of illustration and not of limitation, specific 
variations in which the subject matter may be practiced. Other 
variations may be utilized and derived therefrom, such that 
structural elements and method process Substitutions, com 
binations, and changes may be made without departing from 
the scope of this disclosure. As a person skilled in the art will 
recognize from the previous detailed description and from the 
figures and claims, modifications, combinations, and changes 
can be made to the disclosure without departing from the 
Scope of this disclosure. 
We claim: 
1. An environmental monitoring system comprising: 
a first sensor system located in a first environment, wherein 

the first sensor System is configured to measure a first 
environment quality factor and output first sensor data; 

a server configured to receive the first sensor data from the 
first sensor system, wherein the server is configured to 
process the first sensor data and output first economic 
data for the first environment; and 

a data storage device configured to store the first economic 
data for the first environment. 

2. The system of claim 1, further comprising a second 
sensor System located in a second environment, wherein the 
second sensor System is configured to measure a second envi 
ronment quality factor and output second sensor data; 

wherein the server is configured to receive the second 
sensor data from the second sensor System, and wherein 
the server is configured to process the second sensor data 
and output a second economic data for the second envi 
ronment; and 

wherein the data storage device is configured to store the 
second economic data for the second environment. 

3. The system of claim 2, further comprising a computer in 
network communication with the data storage device wherein 
the computer retrieves the first economic data and the second 
economic data. 
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4. The system of claim 2, wherein the server is configured 
to modify at least part of the first sensor data by a first 
weighting factor, and wherein the server is configured to 
modify at least part of the second sensor data by a second 
weighting factor. 

5. The system of claim 1, further comprising a computer in 
network communication with the data storage device wherein 
the computer retrieves the first economic data. 

6. The system of claim 1, wherein the server is configured 
to modify at least part of the first sensor data by a first 
weighting factor. 

7. The system of claim 6, wherein the server is configured 
to modify at least part of the first sensor data by a second 
weighting factor. 

8. The system of claim 6, wherein the server is configured 
to modify at least part of the second sensor data by a second 
weighting factor. 

9. The system of claim 1, wherein the first environment 
comprises a house. 

10. The system of claim 1, wherein the first environment 
comprises a warehouse. 

11. The system of claim 1, wherein the first environment 
comprises a shipping container. 

12. The system of claim 1, wherein the first environment 
comprises an airplane cabin. 

13. The system of claim 1, wherein the first environment 
comprises a liquid storage tank. 

14. An environmental monitoring method comprising: 
detecting with a first sensor system a first environmental 

quality factor in a first environment; 
outputting from the first sensor Systema first sensor system 

data; 
receiving by a server the first sensor System data; and 
calculating by the server a first economic data for the first 

environment, wherein the calculating comprises calcu 
lating with the first sensor System data. 

15. The method of claim 14, further comprising storing in 
a data storage device the first economic data. 

16. The method of claim 14, further comprising retrieving 
by a computer the first economic data from the data storage 
system, wherein the computer is connected over a network to 
the data storage system. 

17. The method of claim 14, wherein the calculating com 
prises a weighting of the first sensor system data by a first 
weighting component. 

18. The method of claim 14, further comprising: 
detecting with a second sensor system a second environ 

mental quality factor in a second environment: 
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outputting from the second sensor System a second sensor 
system data; 

receiving by the server the second sensor System data; and 
calculating by the server a second economic data for the 

second environment, wherein the calculating comprises 
calculating with the second sensor System data and com 
paring with the first sensor system data. 

19. An environmental monitoring method comprising: 
detecting at a first time with a first sensor System a first 

environmental quality factor in a first environment; 
outputting from the first sensor system a first sensor system 

data; 
receiving by a server the first sensor System data; and 
comparing by the server a first economic data for the first 

environment to a second economic data, wherein com 
paring comprises outputting an economic delta for the 
first environment. 

20. The method of claim 19, further comprising processing 
by the server the first sensor system data, wherein the pro 
cessing comprises outputting the first economic data. 

21. The method of claim 19, further comprising: 
detecting at a second time with the first sensor system the 

environmental quality factor in a first environment: 
outputting from the first sensor System after the second 

time a second sensor System data; 
receiving by the server the second sensor System data; and 
processing by the server the second sensor System data, 

wherein the processing comprises outputting the second 
economic data. 

22. The method of claim 19, further comprising: 
detecting with a second sensor system a first environmental 

quality factor in a second environment; 
outputting from the second sensor System a second sensor 

system data; 
receiving by a server the second sensor system data; and 
processing by the server the second sensor System data, 

wherein the processing comprises outputting the second 
economic data. 

23. The method of claim 19, further comprising: 
detecting with the first sensor system a second environ 

mental quality factor in the first environment; 
outputting from the first sensor system a second sensor 

system data from the second environmental quality fac 
tor; 

receiving by a server the second sensor system data; and 
processing by the server the second sensor System data, 

wherein the processing comprises outputting the second 
economic data. 


