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(57) ABSTRACT 

A pollution Source detection system includes an automated 
vehicle including a position sensor that detects a geographic 
position of the automated vehicle and at least one pollution 
detection sensor that measures a concentration of pollution 
at the automated vehicle. The pollution source detection 
system includes a back-end system. The back-end system 
includes a network interface that receives the geographic 
position and the concentration of the pollution from the 

(22) Filed: Dec. 11, 2015 automated vehicle. The back-end system includes a database 
Publication Classificati that stores the geographic position and the concentration of 

O SSCO the pollution received via the network interface. The back 
(51) Int. Cl. end system includes a processor that measures a gradient of 

G05D I/02 (2006.01) the concentration of the pollution and controls a movement 
GOIN 33/00 (2006.01) of the automated vehicle based on the gradient to guide the 
GOIN 29/44 (2006.01) automated vehicle toward a source of the pollution. 
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Detect a geographic position of an automated vehicle by a 
position sensor disposed on the automated Vehicle 

601 

Measure a Concentration of the pollution by at least one 
pollution detection sensor disposed on the automated Vehicle 

602 

Receive the geographic position and the Concentration of the 
pollution via a network interface disposed at a back-end 

system from the automated vehicle 
603 

Store the geographic position and the Concentration of the 
pollution received via the network interface in a database 

disposed at the back-end system 
604 

Measure by a processor disposed at the back-end System, 
a gradient of the Concentration of the pollution 

605 

Control, by the processor, a movement of the automated 
Vehicle based on the gradient to guide the automated 

vehicle toward the source of the pollution 
606 

FIG. 6 
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SYSTEMAND METHOD FOR TRACKING 
POLLUTION 

BACKGROUND 

0001 Exemplary embodiments of the present invention 
relate to tracking pollution. More particularly, exemplary 
embodiments of the present invention relate to a system and 
method for tracking pollution by determining pollution 
concentration gradients with unmanned vehicles. 
0002 Generally, pollution, such as air, water, soil or noise 
pollution, may be detected using manual instrumentation 
that is operated by individual human operators in an area 
expected to have pollution. Pollution detection equipment 
may also be mounted at fixed positions in different locations 
or geographic areas. Pollution may be emitted from a wide 
array of locations and the pollution may spread over a large 
geographic area. Spreading pollution may be present at a 
large range of concentrations in different areas. Pollution 
may also spread according to patterns that are not readily 
predicted, such as according to shifting wind patterns or 
shifting water currents. Thus, pollution detection equipment 
may be disposed in fixed positions over a wide geographic 
area to detect pollution emitted from a single source. For 
example, emissions from industrial equipment or a power 
plant may travel relatively large distances according to wind 
patterns and pollution emitted from Such a source may be 
present at varying concentrations at varying distances from 
the emission Source. 

0003 Pollution may be detected at relatively low con 
centrations in a particular geographic area and the Source of 
the detected solution may be unknown. Thus, it may be 
desirable to have pollution detection equipment present over 
a large geographic area to determine pollution concentra 
tions in different areas to determine an origin or source of a 
particular form of pollution. 

SUMMARY 

0004 Exemplary embodiments of the present invention 
provide a pollution source detection system including an 
automated vehicle including a position sensor that detects a 
geographic position of the automated vehicle and at least 
one pollution detection sensor that measures a concentration 
of pollution at the automated vehicle. The pollution source 
detection system includes a back-end system. The back-end 
system includes a network interface that receives the geo 
graphic position and the concentration of the pollution from 
the automated vehicle. The back-end system includes a 
database that stores the geographic position and the concen 
tration of the pollution received via the network interface. 
The back-end system includes a processor that measures a 
gradient of the concentration of the pollution and controls a 
movement of the automated vehicle based on the gradient to 
guide the automated vehicle toward a source of the pollu 
tion. 
0005 According to an exemplary embodiment of the 
present invention the processor may measure the gradient 
using a numerical model. 
0006. According to an exemplary embodiment of the 
present invention the processor may measure the gradient in 
real-time as the automated vehicle moves. 
0007 According to an exemplary embodiment of the 
present invention the pollution source detection system may 
include a plurality of automated vehicles including the 
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automated vehicle. Each of the plurality of automated 
vehicles may include a position sensor that detects a geo 
graphic position of the corresponding automated vehicle and 
at least one pollution detection sensor that measures a 
concentration of pollution at the corresponding automated 
vehicle. The processor may aggregate the concentration of 
the pollution measured by the plurality of automated 
Vehicles, measure an aggregated gradient of the aggregated 
concentration of the pollution, and control a movement of 
the plurality of automated vehicles based on the aggregated 
gradient to guide the plurality of automated vehicles toward 
the source of the pollution. 
0008 According to an exemplary embodiment of the 
present invention at least one pollution detection sensor may 
include a microphone. The pollution may include noise 
pollution, and the microphone may detect the concentration 
of the noise pollution. 
0009. According to an exemplary embodiment of the 
present invention at least one of the pollution sensors may 
include an air quality sensor. The pollution may include air 
pollution. The air quality sensor may detect a concentration 
of the air pollution by detecting a concentration of at least 
one of O, NO, CO, SO, PM10, PM2.5 and CH 
0010. According to an exemplary embodiment of the 
present invention at least one of the pollution detection 
sensors may include a camera, a hyperspectral sensor, an 
ultrasound sensor, a thermal sensor, a humidity sensor, a 
temperature sensor, a pressure sensor, or a corrosion sensor. 
0011. According to an exemplary embodiment of the 
present invention the position sensor may include a GPS 
SSO. 

0012. According to an exemplary embodiment of the 
present invention the position sensor may detect the geo 
graphic position in three dimensions. 
0013. According to an exemplary embodiment of the 
present invention the automated vehicle may be an auto 
mated air vehicle that moves through air without contacting 
ground, an automated ground vehicle that moves on the 
ground while contacting the ground, or an automated water 
vehicle that moves in water. 
0014. According to an exemplary embodiment of the 
present invention the network interface may initially receive 
a general location at which the pollution is present from a 
Source other than the automated vehicle. The processor may 
Subsequently guide the automated vehicle to the general 
location and may control the movement of the automated 
vehicle based on the gradient to guide the automated vehicle 
toward the source of the pollution within the general loca 
tion. 
0015. According to an exemplary embodiment of the 
present invention the processor may perform an inverse 
geocoding query to detect a company or individual respon 
sible for the source of the pollution. 
0016 Exemplary embodiments of the present invention 
provide a method of detecting a source of pollution includ 
ing detecting a geographic position of an automated vehicle 
by a position sensor disposed on the automated vehicle. A 
concentration of the pollution is measured by at least one 
pollution detection sensor disposed on the automated 
vehicle. The geographic position and the concentration of 
the pollution are received via a network interface disposed 
at a back-end system from the automated vehicle. The 
geographic position and the concentration of the pollution 
received via the network interface are stored in a database 
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disposed at the back-end system. The method of detection of 
a source of pollution includes measuring, by a processor 
disposed at the back-end system, a gradient of the concen 
tration of the pollution. The method of detection of a source 
of pollution includes controlling, by the processor, a move 
ment of the automated vehicle based on the gradient to guide 
the automated vehicle toward the source of the pollution. 
0017. According to an exemplary embodiment of the 
present invention the processor may measure the gradient 
using a numerical model. 
0018. According to an exemplary embodiment of the 
present invention the processor may measure the gradient in 
real-time as the automated vehicle moves. 

0019. According to an exemplary embodiment of the 
present invention the method of detection of a source of 
pollution may include detecting a geographic position of 
each of a plurality of automated vehicles, including the 
automated vehicle, by a position sensor disposed on each of 
the plurality of automated vehicles. A concentration of the 
pollution may be measured by at least one pollution detec 
tion sensor disposed on each of the plurality of automated 
vehicles. The concentration of the pollution measured by the 
plurality of automated vehicles may be aggregated. An 
aggregated gradient of the aggregated concentration of the 
pollution may be measured. A movement of the plurality of 
automated vehicles may be controlled based on the aggre 
gated gradient to guide the plurality of automated vehicles 
toward the source of the pollution. 
0020. According to an exemplary embodiment of the 
present invention the method of detection of a source of 
pollution may include initially receiving a general location 
at which the pollution is present from a source other than the 
automated vehicle and Subsequently guiding the automated 
vehicle to the general location. The movement of the auto 
mated vehicle may be controlled based on the gradient to 
guide the automated vehicle toward the source of the pol 
lution within the general location. 
0021. According to an exemplary embodiment of the 
present invention the method of detection of a source of 
pollution may include performing, by the processor, an 
inverse geocoding query to detect a company or individual 
responsible for the source of the pollution. 
0022 Exemplary embodiments of the present invention 
provide a computer program product for detecting a source 
of pollution. The computer program product may include a 
computer readable storage medium having program instruc 
tions embodied therewith, the program instructions execut 
able by a processor to cause the processor to detect a 
geographic position of an automated vehicle by a position 
sensor disposed on the automated vehicle. The program 
instructions executable by the processor cause the processor 
to measure a concentration of the pollution by at least one 
pollution detection sensor disposed on the automated 
vehicle. The program instructions executable by the proces 
Sor cause the processor to receive the geographic position 
and the concentration of the pollution via a network inter 
face disposed at a back-end system from the automated 
vehicle. The program instructions executable by the proces 
Sor cause the processor to store the geographic position and 
the concentration of the pollution received via the network 
interface in a database disposed at the back-end system. The 
program instructions executable by the processor cause the 
processor to measure a gradient of the concentration of the 
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pollution and control a movement of the automated vehicle 
based on the gradient to guide the automated vehicle toward 
the source of the pollution. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 The above and other features of the present inven 
tion will become more apparent by describing in detail 
exemplary embodiments thereof, with reference to the 
accompanying drawings, in which: 
0024 FIG. 1 illustrates an example of a pollution source 
detection system according to an exemplary embodiment of 
the present invention. 
0025 FIG. 2 illustrates an example of a pollution source 
detection system according to an exemplary embodiment of 
the present invention. 
0026 FIG. 3 illustrates an example of a pollution con 
centration gradient of emitted pollution according to an 
exemplary embodiment of the present invention. 
0027 FIG. 4 illustrates an example of automated vehicles 
tracking a source of pollution by a pollution concentration 
gradient according to an exemplary embodiment of the 
present invention. 
0028 FIG. 5 illustrates an example of a dynamic path of 
an automated vehicle moving toward a pollution source 
according to an exemplary embodiment of the present 
invention. 
0029 FIG. 6 illustrates a flow chart of a method of 
detecting a source of pollution according to an exemplary 
embodiment of the present invention. 
0030 FIG. 7 illustrates an example of a computer system 
capable of implementing the method according to exemplary 
embodiments of the present invention. 

DETAILED DESCRIPTION 

0031 Exemplary embodiments of the present invention 
will be described more fully hereinafter with reference to the 
accompanying drawings. Like reference numerals may refer 
to like elements throughout the specification and drawings. 
0032 Exemplary embodiments of the present invention 
relate to tracking pollution. Exemplary embodiments of the 
present invention may provide a system and method for 
automatically tracking pollution using automated vehicles. 
More particularly, exemplary embodiments of the present 
invention relate to a system and method for tracking pollu 
tion by tracking gradient concentration with unmanned 
vehicles. 
0033 Pollution may be emitted from a variety of sources 
and the emitted pollution may spread over a large geo 
graphic area. The Source of pollution may be a known 
Source. Such as a power plant, or an industrial area, or a 
Source of a particular type of Solution may be unknown. The 
emitted pollution may be present at a relatively large range 
of concentrations. For example, pollution emitted from a 
particular source may dissipate as distance increases from 
the emission source. Additionally, concentrations of pollu 
tion may vary unevenly with distance from a particular 
emission source. For example, strong winds in a particular 
direction may spread air pollution unevenly over a particular 
geographic area. Thus, concentrations of pollution spreading 
over a particular geographic area may be difficult to predict 
and installing or placing emission detection equipment in 
appropriate locations may be difficult. When the source of 
pollution is unknown the concentration of the pollution may 
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be useful for detecting the source of the pollution. For 
example, pollution may be tracked and/or the source of 
pollution may be determined by tracking the concentration 
of pollution using automated or unmanned vehicles accord 
ing to exemplary embodiments of the present invention. 
0034. A source of pollution may be a moving source, 
Such as a motorized vehicle. For example, cars, trucks, boats 
or plains may emit pollution Such as air or water pollution 
and thus the source of this pollution might not be fixed in a 
specific geographic location. Automated or unmanned 
vehicles according to exemplary embodiments of the present 
invention may determine a source of pollution when the 
Source of pollution is such a moving source. The automated 
or unmanned vehicles according to exemplary embodiments 
of the present invention may detect the concentration gra 
dient of the pollution emitted from the moving source and 
may track the emitted pollution by following the concen 
tration gradient toward the mobile pollution source. That is, 
the automated or unmanned vehicles according to exemplary 
embodiments of the present invention may continually move 
toward a higher concentration gradient to identify the mobile 
pollution source. 
0035 Pollution may be in the form of air pollution such 
as oZone or carbon monoxide which may spread according 
to wind or air currents. Pollution may also be in the form of 
noise pollution or water or soil pollution. However, exem 
plary embodiments of the present invention are not limited 
to a particular type of pollution and the system and method 
according to exemplary embodiments of the present inven 
tion may identify and track any type of detectable pollution, 
as desired. Unmanned or automated vehicles may reach 
Substantially any geographic location in terms of latitude, 
longitude and altitude and pollution may be identified at 
Substantially any geographic location using unmanned or 
automated vehicles, for example, by detecting and tracking 
the concentration gradient of the pollution. Geographic 
locations of pollution sources may be identified in terms of 
latitude, longitude and altitude. Thus, any desired form of 
pollution may be tracked, and the source of any desired form 
of pollution may be identified. 
0036 When pollution is noise pollution, the pollution 
may be in the form of relatively loud or high decibel sound 
emitted into the environment. In the case of noise, the 
concentration gradient may be a gradient of higher decibel 
or relatively louder sound to lower decibel or relatively 
lower sound. The concentration gradient of Sound may be 
used according to exemplary embodiments of the present 
invention to identify a source of emitted Sound, and thus the 
sound emitter may be adjusted to reduce the volume of the 
Sound emitted. For example, Sound may be emitted at a level 
which violates a local ordinance or a state or federal law, 
either knowingly or unknowingly, and identification of the 
Sound Source may allow for reduction of the sound to reduce 
or eliminate noise pollution. 
0037. One form of pollution according to an exemplary 
embodiment of the present invention may be increased 
temperature pollution. That is, a pollution Source may arti 
ficially heat a geographic region by emitting heat into the 
environment. The gradient at any location or geographic 
point may be combined to direct the automated vehicle in the 
direction of the higher temperature increase (e.g., the highest 
gradient of concentration). Thus, the gradient of concentra 
tion may be used to direct the automated vehicle toward the 
pollution source. 
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0038. Unmanned or automated vehicles according to 
exemplary embodiments of the present invention may 
include vehicles traveling on air, water or the ground. For 
example, vehicles traveling on air may include aerial 
vehicles such as drones, balloons, planes, helicopters or 
other aircraft. Vehicles traveling on water may include boats 
and/or personal watercraft. Vehicles traveling on the ground 
may include cars, truck or all terrain vehicles, for example. 
However, exemplary embodiments of the present invention 
are not limited to a particular type of automated or 
unmanned vehicle and any desired automated or unmanned 
vehicle may be used. 
0039 Automated vehicles detecting or tracking water 
pollution according to an exemplary embodiment of the 
present invention may detect and track water or air pollution 
on a surface of a body of water or below a surface of the 
body of water. That is, unmanned or automated vehicles may 
travel above or below the surface of the body of water. 
Unmanned or automated vehicles traveling below the sur 
face of water may include submersible vehicles such as 
Submarines. Submersible vehicles according to exemplary 
embodiments of the present invention may travel to any 
desired depth and may track pollution at any desired depth. 
0040. By identifying a source of pollution according to 
exemplary embodiments of the present invention, the Source 
of pollution may be modified in any desired way to reduce 
or eliminate the emission of pollution. For example, a 
damaged or broken gas or liquid pipe may have an unknown 
leak which emits pollution. When the source of such pol 
lution is identified the broken pipe may be repaired or 
replaced to reduce or eliminate the emission of pollution. 
0041 FIG. 1 illustrates an example of a pollution source 
detection system according to an exemplary embodiment of 
the present invention. 
0042. Referring to FIG. 1, a pollution source detection 
system 100 according to an exemplary embodiment of the 
present invention may include an automated vehicle 101 
including a position sensor 102 that detects a geographic 
position of the automated vehicle 101 and at least one 
pollution detection sensor 103 that measures a concentration 
of pollution at the automated vehicle 101. The pollution 
source detection system 100 may include a back-end system 
105. The back-end system 105 may include a network 
interface 106 that receives the geographic position and the 
concentration of the pollution from the automated vehicle 
101. The back-end system 105 may include a database 107 
that stores the geographic position and the concentration of 
the pollution received via the network interface 106. The 
back-end system 105 may include a processor 108 that 
measures a gradient of the concentration of the pollution and 
controls a movement of the automated vehicle 101 based on 
the gradient to guide the automated vehicle 101 toward a 
source of the pollution. 
0043. According to an exemplary embodiment of the 
present invention, the automated vehicle 101 of the pollution 
source detection system 100 may include a GPS unit 104 
(e.g., GPS sensor). According to an exemplary embodiment 
of the present invention the position sensor 102 may include 
the GPS unit 104. That is, the GPS unit (e.g., GPS sensor) 
may be connected to the position sensor 102 or the position 
sensor 102 may operate as the GPS unit. 
0044) The GPS unit 104 may detect a geographic location 
of the automated vehicle 101. The GPS unit 104 may detect 
a latitude, longitude, and/or altitude of the automated vehicle 
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101. The GPS unit 104 may communicate with one or more 
satellites to determine the latitude, longitude, and/or altitude 
of the automated vehicle 101 and the source of the pollution. 
0045. The pollution source detection system 100 accord 
ing to an exemplary embodiment of the present invention 
may include one or more relay towers 109. The relay towers 
109 may communicate with the automated vehicle 101 and 
may relay a signal from the automated vehicle 101 to the 
back-end system 105. The relay tower 109 may communi 
cate with the back-end system 105 and may relay a signal 
from the back-end system 105 to the automated vehicle 101. 
The automated vehicle 101 may communicate with the 
back-end system 105 directly without relaying a signal 
through the relay tower 109. 
0046. The relay tower 109 according to exemplary 
embodiments of the present invention may be a cell phone 
tower. The relay tower 109 according to exemplary embodi 
ments of the present invention may increase the intensity of 
a signal transmitted by the automated vehicle 101. Thus, the 
relay tower 109 according to exemplary embodiments of the 
present invention may reduce the amount of power con 
sumed by the automated vehicle 101 and may increase the 
range of the automated vehicle 101. 
0047. The back-end system 105 according to an exem 
plary embodiment of the present invention may be disposed 
in the automated vehicle 101. For example, back-end system 
105 may be disposed in at least one of a plurality of 
automated vehicles 101 and may communicate with each of 
the plurality of automated vehicles 101. A plurality of 
automated vehicles 101 will be described in more detail 
below. 

0048. According to an exemplary embodiment of the 
present invention the processor 108 may measure the gra 
dient using a numerical model. 
0049 According to an exemplary embodiment of the 
present invention the processor 108 may measure the gra 
dient in real-time as the automated vehicle 101 moves. The 
gradient may be reported to the back-end system 105 in 
real-time and the back-end system 105 may communicate 
with the automated vehicle 101 in real-time. 

0050 FIG. 2 illustrates an example of a pollution source 
detection system according to an exemplary embodiment of 
the present invention. 
0051 Referring to FIG. 2, the pollution source detection 
system 100 may include a plurality of automated vehicles 
including the automated vehicle 101. Each of the plurality of 
automated vehicles 101 may include the position sensor 102 
that detects a geographic position of the corresponding 
automated vehicle 101 and at least one pollution detection 
sensor 103 that measures a concentration of pollution at the 
corresponding automated vehicle 101. The processor 108 
may aggregate the concentration of the pollution measured 
by the plurality of automated vehicles 101, measure an 
aggregated gradient of the aggregated concentration of the 
pollution, and control a movement of the plurality of auto 
mated vehicles 101 based on the aggregated gradient to 
guide the plurality of automated vehicles 101 toward the 
source of the pollution. 
0052 According to an exemplary embodiment of the 
present invention at least one pollution detection sensor 103 
may include a microphone. The pollution may include noise 
pollution, and the microphone may detect the concentration 
of the noise pollution. 
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0053 According to an exemplary embodiment of the 
present invention at least one of the pollution sensors 103 
may include an air quality sensor. The pollution may include 
air pollution. The air quality sensor may detect a concen 
tration of the air pollution by detecting a concentration of at 
least one of O, NO, CO, SO, PM10, PM2.5 and C.H. 
The air quality sensor may detect a concentration of the air 
pollution by detecting a concentration of at least one of 
hydrocarbons (HC), nitrogen oxides (NO), particulate mat 
ter (PM), volatile organic compounds (VOCs), hydrogen 
sulfide (HS) or other toxic air contaminants such as lead 
(Pb). 
0054 According to an exemplary embodiment of the 
present invention at least one of the pollution detection 
sensors 103 may include a camera, a hyperspectral sensor, 
an ultrasound sensor, a thermal sensor, a humidity sensor, a 
temperature sensor, a pressure sensor, or a corrosion sensor. 
0055 According to an exemplary embodiment of the 
present invention, each of the automated vehicles 101 of the 
pollution source detection system 100 may include the GPS 
unit 104 (e.g., GPS sensor). According to an exemplary 
embodiment of the present invention the position sensor 
may include the GPS unit 104. That is, the GPS unit (e.g., 
GPS sensor) may be connected to the position sensor 102 or 
the position sensor 103 may operate as the GPS unit. 
0056. According to an exemplary embodiment of the 
present invention the position sensor 102 and/or the GPS 
unit 104 may detect the geographic position in three dimen 
Sions. 

0057 The GPS unit 104 may detect a geographic location 
of each of the automated vehicles 101. The GPS unit 104 
may detect a latitude, longitude, and/or altitude of each of 
the automated vehicle 101. The GPS unit 104 may commu 
nicate with one or more satellites to determine the latitude, 
longitude, and/or altitude of each of the automated vehicles 
101. 

0058. The pollution source detection system 100 accord 
ing to an exemplary embodiment of the present invention 
may include one or more relay towers 109. The relay towers 
109 may communicate with the plurality of automated 
vehicles 101 and may relay a signal from the automated 
vehicles 101 to the back-end system 105. The relay tower 
109 may communicate with the back-end system 105 and 
may relay a signal from the back-end system 105 to each of 
the plurality of automated vehicles 101. The plurality of 
automated vehicles 101 may communicate with the back 
end system 105 directly without relaying a signal through 
the relay tower 109. 
0059. The relay tower 109 according to exemplary 
embodiments of the present invention may be a cell phone 
tower. The relay tower 109 according to exemplary embodi 
ments of the present invention may increase the intensity of 
a signal transmitted by each of the automated vehicles 101. 
Thus, the relay tower 109 according to exemplary embodi 
ments of the present invention may reduce the amount of 
power consumed by the automated vehicles 101 and may 
increase the range of the automated vehicles 101. 
0060 According to an exemplary embodiment of the 
present invention the automated vehicle 101 may be an 
automated air vehicle that moves through air without con 
tacting ground, an automated ground vehicle that moves on 
the ground while contacting the ground, or an automated 
water vehicle that moves in water. 
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0061 According to an exemplary embodiment of the 
present invention the network interface 106 may initially 
receive a general location at which the pollution is present 
from a source other than the automated vehicle 101. The 
processor 108 may subsequently guide the automated 
vehicle 101 to the general location and may control the 
movement of the automated vehicle 101 based on the 
gradient to guide the automated vehicle 101 toward the 
Source of the pollution within the general location. 
0062 According to an exemplary embodiment of the 
present invention the processor 108 may perform an inverse 
geocoding query to detect a company or individual respon 
sible for the source of the pollution. That is, the processor 
108 may determine an owner of a parcel of land on which 
pollution is being emitted or an owner of a particular item of 
equipment emitting pollution. 
0063 FIG. 3 illustrates an example of a pollution con 
centration gradient of emitted pollution according to an 
exemplary embodiment of the present invention. FIG. 4 
illustrates an example of automated vehicles tracking a 
Source of pollution by a pollution concentration gradient 
according to an exemplary embodiment of the present 
invention. 
0064. Referring to FIGS. 3 and 4, a pollution source 301 
may emit pollution and the emitted pollution may have a 
pollution concentration gradient 302. The pollution concen 
tration gradient 302 may increase across a geographic area 
when moving closer to the pollution source 301. 
0065. The gradient of the concentration according to 
exemplary embodiments of the present invention may be 
used by the processor 108 to direct the direction of move 
ment of the automated vehicle 101 to continually and 
dynamically move toward a direction of higher gradient. The 
concentration may refer to a concentration of air, noise, 
water or temperature pollution, for example. Moving toward 
the higher concentration gradient continually may move the 
automated vehicle 101 gradually closer to the pollution 
source 301. The following formula may be employed by the 
processor 108 to direct the direction of movement of the 
automated vehicle 101 to continually and dynamically move 
toward a direction of higher gradient: 

0066 Referring to FIG. 4, the automated vehicle 101 may 
determine the pollution concentration gradient 302 and may 
determine a direction of increasing concentration gradient 
401. The automated vehicle 101 may move along the 
direction of increasing concentration gradient 401 toward 
the pollution source 301 to detect the location of the pollu 
tion source 301. The automated vehicle 101 may determine 
the location of the pollution source 301 according to a grid 
pattern 402. The grid pattern 402 may be used to geo-locate 
data points for each detected pollution concentration. That 
is, the system according to exemplary embodiments of the 
present invention may plot the pollution concentration for a 
particular pollution source across a defined geographic area. 
0067. A global maximum concentration value and local 
maximum concentration values may be detected in each 
segment of the grid pattern 402. The global and local 
maximum pollution concentrations may be continually 
detected by predetermined algorithms. For example, the 

Jun. 15, 2017 

global and local maximum pollution concentrations may be 
detected by a black box search algorithm, a finite search 
difference method, a hill climbing method, optimization 
methods and Nurbs, Splines or surface estimation. However, 
exemplary embodiments of the present invention are not 
limited to a particular algorithm, and any algorithm that 
searches for optimal, global maximum, local maximum, 
local minimum, and global minimum values can be used to 
search for the highest concentration of pollutants in the 
atmosphere. For example, the automated vehicle 101 
according to exemplary embodiments of the present inven 
tion may look for Maxima (pollutant concentration) or 
Minima (air density or O2 concentration). 
0068 FIG. 5 illustrates an example of a dynamic path of 
an automated vehicle moving toward a pollution source 
according to an exemplary embodiment of the present 
invention. 
0069. Referring to FIG. 5, the automated vehicle 101 may 
continually adjust its path by detecting the gradient of 
concentration of the detected pollution. The path of the 
automated vehicle 101 may be adjusted at a plurality of 
detection points 502. At each of the plurality of detection 
points 502 the automated vehicle 101 may detect a plurality 
of concentration gradients along a plurality of directions 
with respect to the automated vehicle 101 and the automated 
vehicle 101 may move toward the highest detected concen 
tration gradient. 
0070 The gradient of the concentration according to 
exemplary embodiments of the present invention may be 
used by the processor 108 to direct the direction of move 
ment of the automated vehicle 101 to continually and 
dynamically move toward a direction of higher gradient. The 
concentration may refer to a concentration of air, noise, 
water or temperature pollution, for example. Moving toward 
the higher concentration gradient continually may move the 
automated vehicle 101 gradually closer to the pollution 
source 301. The direction of movement of the automated 
vehicle 101 may be continually adjusted according to a 
detected concentration gradient in a plurality of directions. 
For example, the direction of movement may be adjusted at 
predetermined time points, such as every 30 or 60 seconds, 
for example. Thus, a number of concentration gradients in a 
number of potential directions of movement around the 
automated vehicle 101 may be detected and the direction of 
movement of the automated vehicle 101 may be adjusted to 
move toward the highest gradient of concentration and thus 
toward the pollution source 301. 
0071. According to an exemplary embodiment of the 
present invention, the dynamic and continual directional 
adjustment of the automated vehicle might not direct the 
automated vehicle in a straight line toward the pollution 
source 301 because the direction of movement of the auto 
mated vehicle 101 may be adjusted at a series of detection 
points 502. Thus, while the automated vehicle 101 may 
make continual progress toward the pollution source 301, 
the path of the automated vehicle 101 may follow an 
approximately Zig Zag pattern, as illustrated, for example, in 
FIG.S. 

0072 FIG. 6 illustrates a flow chart of a method of 
detecting a source of pollution according to an exemplary 
embodiment of the present invention. 
0073 Referring to FIG. 6, a method of detecting a source 
of pollution may include detecting a geographic position of 
the automated vehicle by the position sensor disposed on the 
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automated vehicle 601. A concentration of the pollution may 
be measured by at least one pollution detection sensor 
disposed on the automated vehicle 602. The geographic 
position and the concentration of the pollution may be 
received via the network interface disposed at a back-end 
system from the automated vehicle 603. The geographic 
position and the concentration of the pollution received via 
the network interface may be stored in the database disposed 
at the back-end system 604. The method of detection of a 
Source of pollution may include measuring, by a processor 
disposed at the back-end system, a gradient of the concen 
tration of the pollution 605. The method of detection of a 
Source of pollution may include controlling, by the proces 
sor, a movement of the automated vehicle based on the 
gradient to guide the automated vehicle toward the source of 
the pollution 606. 
0074 According to an exemplary embodiment of the 
present invention the processor 108 may measure the gra 
dient using a numerical model. 
0075 According to an exemplary embodiment of the 
present invention the processor 108 may measure the gra 
dient in real-time as the automated vehicle 101 moves. 
0076 According to an exemplary embodiment of the 
present invention the method of detection of a source of 
pollution may include detecting a geographic position of 
each of a plurality of automated vehicles 101 by a position 
sensor disposed on each of the plurality of automated 
vehicles 101. A concentration of the pollution may be 
measured by at least one pollution detection sensor 103 
disposed on each of the plurality of automated vehicles 101. 
The concentration of the pollution measured by the plurality 
of automated vehicles 101 may be aggregated. An aggre 
gated gradient of the aggregated concentration of the pol 
lution may be measured. A movement of the plurality of 
automated vehicles 101 may be controlled based on the 
aggregated gradient to guide the plurality of automated 
vehicles 101 toward the source of the pollution. 
0077 According to an exemplary embodiment of the 
present invention the method of detection of a source of 
pollution may include initially receiving a general location 
at which the pollution is present from a source other than the 
automated vehicle 101 and Subsequently guiding the auto 
mated vehicle 101 to the general location. The movement of 
the automated vehicle 101 may be controlled based on the 
gradient to guide the automated vehicle 101 toward the 
source of the pollution within the general location. For 
example, the general location of the pollution may be 
initially received by reports identifying pollution in a par 
ticular area, such as complaints by citizens or visitors to a 
particular location. The general location of the pollution may 
be initially received from fixed location detectors that are 
present in a particular area having detectable pollution. 
0078. According to an exemplary embodiment of the 
present invention the method of detection of a source of 
pollution may include performing, by the processor 108, an 
inverse geocoding query to detect a company or individual 
responsible for the source of the pollution. That is, the 
processor 108 may determine an owner of a parcel of land 
on which pollution is being emitted or an owner of a 
particular item of equipment emitting pollution. 
0079 Exemplary embodiments of the present invention 
provide a computer program product for detecting a source 
of pollution. The computer program product may include a 
computer readable storage medium having program instruc 
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tions embodied therewith, the program instructions execut 
able by a processor to cause the processor to detect a 
geographic position of the automated vehicle 101 by the 
position sensor 102 disposed on the automated vehicle 101. 
The program instructions executable by a processor cause 
the processor to measure a concentration of the pollution by 
at least one pollution detection sensor disposed on the 
automated vehicle 101. The program instructions executable 
by a processor cause the processor to receive the geographic 
position and the concentration of the pollution via a network 
interface disposed at a back-end system from the automated 
vehicle. The program instructions executable by a processor 
may cause the processor to store the geographic position and 
the concentration of the pollution received via the network 
interface in a database disposed at the back-end system 105. 
The program instructions executable by a processor cause 
the processor to measure a gradient of the concentration of 
the pollution and control a movement of the automated 
vehicle 101 based on the gradient to guide the automated 
vehicle 101 toward the source of the pollution. 
0080 FIG. 7 illustrates an example of a computer system 
capable of implementing the methods according to exem 
plary embodiments of the present invention. The system and 
method of the present disclosure may be implemented in the 
form of a Software application running on a computer 
system, for example, a mainframe, personal computer (PC), 
handheld computer, server, etc. The Software application 
may be stored on a recording media locally accessible by the 
computer system and accessible via a hard wired or wireless 
connection to a network, for example, a local area network, 
or the Internet. 
I0081. The computer system referred to generally as sys 
tem 700 may include, for example, a central processing unit 
(CPU) 701, random access memory (RAM) 704, a printer 
interface 710, a display unit 711, a local area network (LAN) 
data transmission controller 705, a LAN interface 706, a 
network controller 703, an internal bus 702, and one or more 
input devices 709, for example, a keyboard, mouse etc. As 
shown, the system 700 may be connected to a data storage 
device, for example, a hard disk, 708 via a link 707. 
I0082. The descriptions of the various exemplary embodi 
ments of the present invention have been presented for 
purposes of illustration, but are not intended to be exhaustive 
or limited to the exemplary embodiments disclosed. Many 
modifications and variations will be apparent to those of 
ordinary skill in the art without departing from the scope and 
spirit of the described exemplary embodiments. The termi 
nology used herein was chosen to best explain the principles 
of the exemplary embodiments, or to enable others of 
ordinary skill in the art to understand exemplary embodi 
ments described herein. 

I0083. The flowcharts and/or block diagrams in the figures 
illustrate the architecture, functionality, and operation of 
possible implementations of systems, methods, and com 
puter program products according to various exemplary 
embodiments of the inventive concept. In this regard, each 
block in the flowchart or block diagrams may represent a 
module, segment, or portion of instructions, which com 
prises one or more executable instructions for implementing 
the specified logical function(s). In alternative implementa 
tions, the functions noted in the block may occur out of the 
order noted in the figures. For example, two blocks shown 
in Succession may, in fact, be executed Substantially con 
currently, or the blocks may sometimes be executed in the 
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reverse order, depending upon the functionality involved. It 
will also be noted that each block of the block diagrams 
and/or flowchart illustration, and combinations of blocks in 
the block diagrams and/or flowchart illustration, can be 
implemented by special purpose hardware-based systems 
that perform the specified functions or acts or carry out 
combinations of special purpose hardware and computer 
instructions. 
0084. It is understood that although exemplary embodi 
ments of this invention may relate to cloud computing, 
implementation of the teachings recited herein are not 
limited to a cloud computing environment. Rather, embodi 
ments of the present invention are capable of being imple 
mented in conjunction with any other type of computing 
environment now known or later developed. 
0085 Cloud computing is a model of service delivery for 
enabling convenient, on-demand network access to a shared 
pool of configurable computing resources (e.g. networks, 
network bandwidth, servers, processing, memory, storage, 
applications, virtual machines, and services) that can be 
rapidly provisioned and released with minimal management 
effort or interaction with a provider of the service. This cloud 
model may include at least five characteristics, at least three 
service models, and at least four deployment models. 
0.086 Characteristics are as follows: 
0087 On-demand self-service: a cloud consumer can 
unilaterally provision computing capabilities, such as server 
time and network storage, as needed automatically without 
requiring human interaction with the service's provider. 
0088 Broad network access: capabilities are available 
over a network and accessed through standard mechanisms 
that promote use by heterogeneous thin or thick client 
platforms (e.g., mobile phones, laptops, and PDAs). 
0089 Resource pooling: the provider's computing 
resources are pooled to serve multiple consumers using a 
multi-tenant model, with different physical and virtual 
resources dynamically assigned and reassigned according to 
demand. There is a sense of location independence in that 
the consumer generally has no control or knowledge over 
the exact location of the provided resources but may be able 
to specify location at a higher level of abstraction (e.g., 
country, state, or datacenter). 
0090 Rapid elasticity: capabilities can be rapidly and 
elastically provisioned, in Some cases automatically, to 
quickly scale out and rapidly released to quickly scale in. To 
the consumer, the capabilities available for provisioning 
often appear to be unlimited and can be purchased in any 
quantity at any time. 
0091. While the present invention has been particularly 
shown and described with reference to exemplary embodi 
ments thereof, it will be understood by those of ordinary 
skill in the art that various changes in form and detail may 
be made therein without departing from the spirit and scope 
of the present invention as defined by the following claims. 

1. A pollution source detection system, comprising: 
an automated vehicle comprising a position sensor that 

detects a geographic position of the automated vehicle 
and at least one pollution detection sensor that mea 
Sures a concentration of pollution at the automated 
vehicle; and 

a back-end system, comprising: 
a network interface that receives the geographic posi 

tion and the concentration of the pollution from the 
automated vehicle: 
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a database that stores the geographic position and the 
concentration of the pollution received via the net 
work interface; and 

a processor that measures a gradient of the concentra 
tion of the pollution and controls a movement of the 
automated vehicle based on the gradient to guide the 
automated vehicle toward a source of the pollution. 

2. The pollution source detection system of claim 1, 
wherein the processor measures the gradient using a numeri 
cal model. 

3. The pollution source detection system of claim 1, 
wherein the processor measures the gradient in real-time as 
the automated vehicle moves. 

4. The pollution Source detection system of claim 1, 
further comprising: 

a plurality of automated vehicles including the automated 
vehicle, 

wherein each of the plurality of automated vehicles com 
prises a position sensor that detects a geographic posi 
tion of the corresponding automated vehicle and at least 
one pollution detection sensor that measures a concen 
tration of pollution at the corresponding automated 
vehicle, 

wherein the processor aggregates the concentration of the 
pollution measured by the plurality of automated 
Vehicles, measures an aggregated gradient of the aggre 
gated concentration of the pollution, and controls a 
movement of the plurality of automated vehicles based 
on the aggregated gradient to guide the plurality of 
automated vehicles toward the source of the pollution. 

5. The pollution source detection system of claim 1, 
wherein the at least one pollution detection sensor comprises 
a microphone, the pollution comprises noise pollution, and 
the microphone detects the concentration of the noise pol 
lution. 

6. The pollution detection system of claim 1, wherein the 
at least one pollution sensor comprises an air quality sensor, 
the pollution comprises air pollution, and the air quality 
sensor detects a concentration of the air pollution by detect 
ing a concentration of at least one of O3, NO2, CO, SO2, 
PM10, PM2.5 and C6H6. 

7. The pollution sensor detection system of claim 1, 
wherein the at least one pollution detection sensor comprises 
a camera, a hyperspectral sensor, an ultrasound sensor, a 
thermal sensor, a humidity sensor, a temperature sensor, a 
pressure sensor, or a corrosion sensor. 

8. The pollution detection system of claim 1, wherein the 
position sensor comprises a GPS sensor. 

9. The pollution detection system of claim 1, wherein the 
position sensor detects the geographic position in three 
dimensions. 

10. The pollution detection system of claim 1, wherein the 
network interface is a cellular interface that receives the 
geographic position and the concentration of the pollution 
from the automated vehicle via a cellular connection. 

11. The pollution detection system of claim 1, wherein the 
automated vehicle is an automated air vehicle that moves 
through air without contacting ground, an automated ground 
vehicle that moves on the ground while contacting the 
ground, or an automated water vehicle that moves in water. 

12. The pollution detection system of claim 1, wherein the 
network interface initially receives a general location at 
which the pollution is present from a source other than the 
automated vehicle, and the processor Subsequently guides 
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the automated vehicle to the general location and controls 
the movement of the automated vehicle based on the gra 
dient to guide the automated vehicle toward the source of the 
pollution within the general location. 

13. The pollution detection system of claim 1, wherein the 
processor performs an inverse geocoding query to detect a 
company or individual responsible for the source of the 
pollution. 

14. A method of detecting a source of pollution, compris 
ing: 

detecting a geographic position of an automated vehicle 
by a position sensor disposed on the automated vehicle; 

measuring a concentration of the pollution by at least one 
pollution detection sensor disposed on the automated 
vehicle: 

receiving the geographic position and the concentration of 
the pollution via a network interface disposed at a 
back-end system from the automated vehicle: 

storing the geographic position and the concentration of 
the pollution received via the network interface in a 
database disposed at the back-end system; 

measuring, by a processor disposed at the back-end sys 
tem, a gradient of the concentration of the pollution; 
and 

controlling, by the processor, a movement of the auto 
mated vehicle based on the gradient to guide the 
automated vehicle toward the source of the pollution. 

15. The method of claim 14, wherein the processor 
measures the gradient using a numerical model. 

16. The method of claim 14, wherein the processor 
measures the gradient in real-time as the automated vehicle 
OWS. 

17. The method of claim 14, further comprising: 
detecting a geographic position of each of a plurality of 

automated vehicles, including the automated vehicle, 
by a position sensor disposed on each of the plurality of 
automated vehicles; 

measuring a concentration of the pollution by at least one 
pollution detection sensor disposed on each of the 
plurality of automated vehicles: 
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aggregating the concentration of the pollution measured 
by the plurality of automated vehicles: 

measuring an aggregated gradient of the aggregated con 
centration of the pollution; and 

controlling a movement of the plurality of automated 
vehicles based on the aggregated gradient to guide the 
plurality of automated vehicles toward the source of the 
pollution. 

18. The method of claim 14, further comprising: 
initially receiving a general location at which the pollu 

tion is present from a source other than the automated 
vehicle: 

Subsequently guiding the automated vehicle to the general 
location; and 

controlling the movement of the automated vehicle based 
on the gradient to guide the automated vehicle toward 
the source of the pollution within the general location. 

19. The method of claim 14, further comprising: 
performing, by the processor, an inverse geocoding query 

to detect a company or individual responsible for the 
source of the pollution. 

20. A computer program product for detecting a source of 
pollution, the computer program product comprising a com 
puter readable storage medium having program instructions 
embodied therewith, the program instructions executable by 
a processor to cause the processor to: 

detect a geographic position of an automated vehicle by a 
position sensor disposed on the automated vehicle: 

measure a concentration of the pollution by at least one 
pollution detection sensor disposed on the automated 
vehicle: 

receive the geographic position and the concentration of 
the pollution via a network interface disposed at a 
back-end system from the automated vehicle: 

store the geographic position and the concentration of the 
pollution received via the network interface in a data 
base disposed at the back-end system; 

measure a gradient of the concentration of the pollution; 
and 

control a movement of the automated vehicle based on the 
gradient to guide the automated vehicle toward the 
source of the pollution. 
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