wo 2012/167049 A1 |[IN I N0F 00 00 OO0 O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2012/167049 A1l

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

31

6 December 2012 (06.12.2012) WIPOIPCT
International Patent Classification:
GOIM 15/00 (2006.01)
International Application Number:
PCT/US2012/040420

International Filing Date:
1 June 2012 (01.06.2012)

Filing Language: English
Publication Language: English
Priority Data:

13/153,151 3 June 2011 (03.06.2011) US

Applicant (for all designated States except US): EN-
VIROTEST SYSTEMS HOLDINGS CORP. [US/US]; 7
Kripes Road, East Granby, CT 06026 (US).

Inventor; and

Inventor/Applicant (for US only): STEDMAN, Donald,
H. [US/US]; 2600 S. Fillmore Street, Denver, CO 80210
(US).

Agents: BLAISE, Bradford C. et al.; Pillsbury Winthrop
Shaw Pittman LLP, P.O. Box 10500, McLean, VA 22102
US).

Designated States (unless otherwise indicated, for every

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(84)

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted a
patent (Rule 4.17(i1))

Published:

with international search report (Art. 21(3))

with information concerning one or more priority claims
considered void (Rule 26bis.2(d))

(54) Title: SYSTEM AND METHOD FOR QUANTIFYING THE PRESENCE OF COMPONENTS IN VEHICLE EXHAUST

(57) Abstract: A system and/or method for quantifying the presence of one or more components in vehicle exhaust, and more partic -
ularly to a non-contact, sampling system and method for quantifying the presence of one or more components in exhaust emissions
of commercial and/or heavy-duty vehicles that emit exhaust at an elevated level, under actual operating conditions.



WO 2012/167049 PCT/US2012/040420

CROSS-REFERENCE TO RELATED APPLICATIONS

J001] This application claims the benefit of U.S. Patent Application Serial No. 13/153,151,
filed June 3, 2011, which is a continuation-in-part of U.S. Patent Application Serial No.
13/052,815, filed March 21, 2011, which is a continuation of U.S. Patent Application Serial No.
12/114,189, filed May 2, 2008 (which issued as U.S. Patent No. 7,930,931 on April 26, 2011),

each of which are hereby incorporated by reference herein in their entirety.

FIELD OF THE INVENTION

[002] The invention relates generally to the quantification of the presence of one or more
components in vehicle exhaust, and more particularly to a non-contact, extractive sampling
system and method for quantifying the presence of one or more components in exhaust
emissions of commercial and/or heavy-duty vehicles that emit exhaust at an elevated level,

under actual operating conditions.

BACKGROUND OF THE INVENTION

[003] Systems and methods for monitoring the exhaust gas composition and fine particle
composition of exhaust emissions of various types of vehicles are known. For example, with
regard to automobiles, it is common for emissions inspection stations (or automotive repair
facilities) to utilize dynamometers for controlled engine loading tests for the purposes of
exhaust emission measurement. One drawback associated with dynamometer testing,
however, is that the measurements acquired often do not represent emissions under actual
operating conditions when automobiles are in motion on a roadway or other driving surface.

[004] To remedy these and other drawbacks associated with dynamometer testing, remote
emissions sensing systems have been developed to remotely monitor the exhaust gas
composition of automobiles traveling past "test sites" located along streets or highways.

Examples of remote emissions sensing (or "cross-road") systems are described in, for example,
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U.S. Pat. Nos. 5,210,702, 5,319,199, 5,401,967, 5,591,975, 5,726,450, 5,797,682, 5,831,267,
and 5,877,862, each of which is hereby incorporated herein by reference in its entirety.

[005] However, existing systems configured to remotely test emissions tend to focus on
passenger cars with exhaust systems that emit exhaust relatively close to the ground. By
contrast, many commercial and/or heavy-duty vehicles, such as tractor-trailers, buses,
commercial trucks, and/or other vehicles, have exhaust systems that emit exhaust at a point
(or points) relatively high above the ground. For example, commercial diesel vehicles may
include exhaust stacks that extend up vertically from the vehicles and emit exhaust up into the
air.

J006] As should be appreciated, exhaust leaving the exhaust pipe(s) of a moving commercial
and/or heavy-duty vehicle (e.g., via exhaust “stacks” of a semi-tractor) is entrained in the
vehicle’s turbulent wake and continues to dissipate as the vehicle travels away. Despite the
present turbulence, the dissipation of the exhaust will have a directionality associated with
one or both of the location at which the exhaust is emitted and/or the direction in which it is
propelled by momentum upon being emitted. For example, commercial and/or heavy-duty
vehicles generally emit exhaust at an elevated position and/or propel emitted exhaust either
upwards or to the side. As a result, remote emissions sensing systems designed to detect
emissions for low-emitting vehicles (e.g., typical passenger automobiles) may not accurately
quantify the presence of components in the exhaust of commercial and/or other heavy-duty
vehicles.

[007] Conventional remote sensing systems may further produce results that may not be
indicative of the emissions of a commercial or heavy-duty vehicle because, depending on the
placement of the remote sensing system and/or the operation of the commercial or heavy-
duty vehicle, emissions from the vehicle may be measured while the vehicle is being operated
in an atypical manner. For example, the emissions may be measured while the vehicle is
changing gears. Measurements taken during a brief period of atypical operation may
inaccurately indicate elevated levels of emission by the vehicle.

[008] These and other problems can reduce the benefits of remote emissions sensing

systems.
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SUMMARY OF THE INVENTION

[009] The invention addressing these and other drawbacks in the art relates generally to the
guantification of the presence of one or more components in vehicle exhaust, and more
particularly to a non-contact, extractive sampling system and method for quantifying the
presence of one or more components in exhaust emissions of commercial and/or heavy-duty
vehicles that emit exhaust at an elevated level (e.g., from a stack exhaust system), under
actual operating conditions.

J010] According to various implementations of the invention, to quantify the presence of one
or more components in exhaust emissions of a commercial and/or heavy-duty vehicle that
emits exhaust at an elevated level, a gathering structure and collector (or extraction tube) may
be positioned directly over and/or adjacent to a path of the vehicle such that the gathering
structure directs exhaust emitted by the vehicle at an elevated level above the roadway to the
collector. The collector may receive at least a portion of the exhaust directed thereto by the
gathering structure into one or more openings (or extraction holes) formed in the collector. A
flow generator in fluid communication with the collector may generate a flow of air that draws
exhaust directed to the collector by the gathering structure into the one or more openings of
the collector. The flow of air generated by the flow generator may deliver the exhaust
received into the one or more openings to a component detection system. Generally, the
component detection system may quantify the presence in the exhaust of major gaseous
exhaust species (e.g., concentrations of CO; or H,0), along with the presence of one or more
minor exhaust gases (e.g., carbon monoxide (CO), hycrocarbons (HC), oxides of nitrogen (NO,),
etc.), and/or fine particulate matter present in the exhaust (e.g., quantified as smoke, opacity,
particle mass, particle scatter, etc.) so that emission indices for the minor exhaust gases
and/or fine particulate matter that represent the amount of pollutants in the exhaust above
background levels may be deduced.

[011] In certain implementations, the gathering structure may be disposed at or near the
roadway, and may have at least one surface that causes exhaust emitted by the vehicle at an
elevated level (e.g., from a stack exhaust system) to gather around the collector. The roadway
may be an actual road lane, and/or may be a separate test lane. In some implementations,
the gathering structure may include a roof that spans the path of the vehicle in the roadway,

and the collector may be disposed such that the collector openings are located at or near an
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underside surface of the roof. In such implementations, exhaust ejected by the vehicle may
be gathered and pooled around the collector openings by the underside surface of the roof,
which may facilitate the reception of the exhaust into the collector openings. In some
instances, the gathering structure may be impermeable to one or both of water and/or
exhaust gases. In these instances, the gathering structure may further provide shelter for the
collector openings and/or emitted exhaust from precipitation. Since the introduction of
precipitation into the collector openings may interfere with the operation of the collector, the
component detection system, and/or the flow generator generating the flow of air from the
collector openings to the component detection system, the provision of shelter by the
gathering structure may further enhance the collection and analysis of exhaust emitted by the
vehicle at an elevated level.

J012] According to various implementations, the gathering structure may include a tent-like
structure. The roof of the gathering structure may be formed to guide exhaust that is emitted
in a generally vertical direction toward the collector. For example, the roof of the gathering
structure may be an “A-frame” roof, with the collector running along the underside of the roof
at the interface between the two slopes of the “A-frame.” The collector may be formed from
a perforated pipe that runs along the underside of the roof at a position to which exhaust
emitted in a substantially vertical direction is guided by the gathering structure.

[013] In some implementations, the collector having one or more collector openings may be
disposed along the path of the vehicle such that exhaust emitted by the vehicle at an elevated
level (e.g., from a stack exhaust system) may be received into the one or more collector
openings. The collector may include a conduit that communicates the received exhaust from
the one or more collector openings to the component detection system that quantifies the
presence of one or more components in the received exhaust.

[014] In some implementations, the collector includes a plurality of collector openings that
are arranged above the surface of a roadway along which the vehicle is traveling so as to
receive the emissions of the vehicle, which are emitted at an elevated level (e.g., from high-
stacks). For example, the collector may include a perforated pipe that forms the openings. In
certain implementations, the collector may be disposed such that the collector openings are
arranged along a path from between a first location and a second location that corresponds to

the path of the vehicle between the first location and the second location. For example, the
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collector openings may be disposed in an array above the path of the vehicle between the first
location and the second location to receive exhaust emitted upwards by the vehicle. This may
facilitate the collection of exhaust by the collector openings, as exhaust emitted from the
vehicle will be directed by momentum, turbulence, and/or other phenomena to the collector
openings as the vehicle travels along the roadway.

J015] According to some implementations, the flow generator may be configured to
generate a flow of air that enables a continuous or periodic sampling of the air received into
the collector openings at a predetermined flow rate. As the vehicle passes by the collector
openings and exhaust from the vehicle is drawn into the collector openings toward the
component detection system, the pressure in the conduit formed by the collector may
decrease from atmospheric pressure at or near the collector openings, to a predetermined
pressure level at a measurement space or cell associated with the component detection
system where the presence of one or more components within the exhaust are quantified.
J016] Characteristics of the collector and/or the collector openings (e.g., arrangement of the
openings, length, diameter, cross-section, etc.), and/or operating parameters of the flow
generator may be adjusted as necessary to achieve desired flow rates and pressure drops
within the collector. Such adjustments to these and other components of the system may
ensure that optimal conditions exist for quantifying the presence of one or more components
in an exhaust sample delivered to the component detection system. Optimal conditions may
vary depending on, for example, which molecular species of interest are being measured, as
well as which type of component detection system is being implemented.

J017] In various implementations, the collector may be configured such that collection times
for exhaust emissions emitted by the vehicle to be conveyed through the collector to the
component detection system vary as a function of position along the roadway. Collection
times may be longer for locations that are closer to the first location, and shorter for locations
that are closer to the second location. Since exhaust emissions are emitted first at the first
location and then on toward the section location (e.g., as the vehicle proceeds along the
roadway), the differences in collection times may cause exhaust emissions collected along the
roadway to be aggregated into a condensed body of exhaust that is conveyed by the collector
to the component detection system. To provide collection times that will result in exhaust

emission aggregation, the size and/or shape of collector openings, the size and/or shape of
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lumen cross-section, lumen length, flow generator parameters, and/or other factors may be
adjusted or configured. One or more of these factors may be controlled dynamically (e.g.,
based on vehicle speed) to ensure aggregation of the exhaust emissions. Aggregation of the
exhaust emissions may increase the concentrations of the exhaust emissions, which may
enhance the precision and/or accuracy of the analysis performed by the component detection
systems.

[018] According to an implementation of the invention, the component detection system
may comprise any system capable of quantifying the presence of one or more components in
exhaust. For instance, the component detection system may include a trace gas detection
system comprising one or more of a mass spectrometer, visible/ultraviolet absorption
spectrometer, infrared absorption spectrometer, and/or other component detection
instruments or systems. In some instances, the component detection system may include a
fine particle measurement system comprising one or more of an aerosol mass spectrometer,
condensation particle counter, light scattering detector, laser incandescent particle detector,
electrostatic particle charging detector, and/or other fine particle instruments or systems.
J019] The system and method of the invention as disclosed herein may be utilized to quantify
the presence of one or more components in a plurality of samples of exhaust taken according
to a predetermined sampling rate. In some instances, the quantification of the one or more
components in the exhaust for the plurality of samples may be aggregated in order to provide
an aggregated quantification of the one or more components in the exhaust emitted by the
vehicle. The aggregated quantification may provide an enhanced accuracy and/or precision in
determining the quantity and/or nature of the emissions of the vehicle. For example, even if
the vehicle is being operated in some atypical fashion (e.g., changing gears) along the
pathway, the aggregation of the quantification may suppress inaccuracies caused by this
momentary atypical operation. In some instances, the aggregated quantification may be
determined by averaging the quantifications of the presence of the one or more components
in the plurality of exhaust samples.

J020] According to one or more implementations, for a given test period (e.g., a pass of the
vehicle past the collector openings and/or the gathering structure), a computer (or processor)
may correlate a record {or data file) of quantification of the one or more components in the

exhaust of the vehicle with a record of an identity, or other information, associated with the
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vehicle (e.g., registration information, etc.).

[021] Both the record and vehicle identification/information may be stored in a memory
associated with, or accessible by, the computer. Data regarding the identification of those
vehicles passing by the collector openings and/or the gathering structure may be acquired by
an imaging unit or other known identification device or system in operative communication
with the computer (e.g., via a wireless or hard-wired connection). Other vehicle identification
systems may be implemented.

[022] Various other objects, features, and advantages of the invention will be apparent
through the detailed description of the invention and the drawings attached hereto. It is also
to be understood that both the foregoing general description and the following detailed

description are exemplary and not restrictive of the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[023] FIG. 1 illustrates a system for analyzing an exhaust plume of a vehicle traveling on a
roadway, according to one or more implementations of the invention.

[024] FIG. 2 illustrates a system for analyzing an exhaust plume of a vehicle traveling on a
roadway, according to one or more implementations of the invention.

[025] FIG. 3 illustrates a method of quantifying the presence of one or more components in
an exhaust plume of a vehicle traveling on a roadway, in accordance with one or more
implementations of the invention.

[026] FIG. 4 illustrates a method of analyzing exhaust to quantify the presence of one or
more components in the exhaust, according to one or more implementations of the invention.
[027] FIG. 5 illustrates a system for analyzing an exhaust plume of a vehicle traveling on a

roadway, according to one or more implementations of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[028] FIG. 1 illustrates a system 10 for analyzing an exhaust plume 12 of a vehicle 14
traveling on a roadway 16 under actual operating conditions, in accordance with one or more
implementations of the invention. It should be appreciated that exhaust leaving the exhaust
pipe(s) of moving vehicle 14 (e.g., via exhaust “stacks” of a semi-trailer or bus) is entrained in

the vehicle’s turbulent wake and continues to dissipate as vehicle 14 travels away. Despite the
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present turbulence, the dissipation of the exhaust will have a directionality associated with
one or both of the location at which the exhaust is emitted and/or the direction in which it is
propelled by momentum upon being emitted. For example, commercial and/or heavy-duty
vehicles generally emit exhaust at an elevated position and/or propel emitted exhaust either
upwards or to the side. As a result, remote emissions sensing systems designed to detect
emissions for low-emitting vehicles (e.g., typical passenger automobiles) may not accurately
quantify the presence of components in the exhaust of commercial and/or other heavy-duty
vehicles.

[029] Roadway 16 may comprise any driving surface suitable for safe passage of vehicle 14,
and may further comprise a single vehicle travel lane, or multiple vehicle travel lanes.
Roadway 16 may comprise a road along which vehicle 14 is traveling to its destination, or
roadway 16 may comprise a separate test lane (or lanes) to which vehicle 14 has detoured
from its route in order to have its emissions tested separate from other traffic. System 10 may
be particularly suited to analyze exhaust where vehicle 14 is a semi-trailer truck, dump truck,
tractor, bus, etc. that emits gas at an elevated level (in comparison with low emitting
passenger vehicles), such as through a stack exhaust emission system.

J030] In some implementations, system 10 may include one or more of a collector 18 (or
extraction tube) , a gathering structure 20, a flow generator 22, a component detection
system 24, a computer 26, a vehicle communication system 28, a position tracking system 30,
a vehicle identification system 32, and/or other components. As will be discussed further
below, exhaust from exhaust plume 16 may be gathered by gathering structure 20 around
collector 18, and pulled or extracted through collector 18, via suction generated by flow
generator 22, to component detection system 24 where the presence of one or more
components within the exhaust may be quantified. Upon analysis of the air provided to
component detection system 24 through collector 18, the analyzed air may be exhausted from
system 10 via an exit pipe.

J031] According to various implementations, gathering structure 20 may have one or more
surfaces that cause exhaust emitted by vehicle 14 to gather around one or more collector
openings 36 (or extraction holes) formed in collector 18. Collector 18 may be disposed at or
near such surfaces of gathering structure 20. This may facilitate the reception of exhaust into

collector openings 36, as the exhaust gathered by gathering structure 20 remains
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concentrated around collector openings 36 for a relatively prolonged period of time, during
which the gathered exhaust may be drawn into collector 18 via collector openings 36. In some
instances, collector 18 may include a conduit, or conduits, formed integrally with gathering
structure 20. In such instances, collector openings 36 may be formed as openings in a surface
of gathering structure 20 that communicate with the conduit, or conduits, formed integrally
with gathering structure 20.

[032] In some implementations the one or more surfaces of gathering structure 20 that
cause exhaust emitted by vehicle 14 to gather around one or more of collector openings 36
may be impermeable (or substantially so) for one or both of exhaust emitted by vehicle 14
and/or water. In such implementations, gathering structure 20 may protect collector
openings 36 from precipitation. This may facilitate analysis of exhaust received by collector
openings, as the introduction of ambient water from precipitation into exhaust may
complicate one or both of transport of the exhaust by collector 18 and/or analysis of the
collected exhaust.

[033] In some instances, gathering structure 20 may include a roof. The roof may be
positioned over some or all of roadway 16. The roof may provide the one or more of the
surfaces that gather exhaust emitted by vehicle 14 around collector openings 36. The roof
may be an “A-frame” roof, with collector 18 running along at or near the interface between
the two planes that form the “A-frame” roof (or the “peak” of the roof). The roof may be
supported a plurality of trusses (not shown). The trusses may run substantially perpendicular
to the general direction of gathering structure 20. The roof may be supported above roadway
16 by one or more load-bearing supports 38. Supports 38 may include one or more vertical
structures with spaces in between.

[034] In some implementations, gathering structure 20 may further comprise one or more
solid vertical planes (e.g., walls) that extend parallel to a direction of travel on roadway 16.
The height of the walls may vary such that the walls may extend from the roof all the way
down to the ground surface, or partially down to the ground surface. Additionally, the length
of the walls may vary such that the walls may extend the entire length of gathering structure
20, or only along a portion of the length of gathering structure 20. The solid vertical planes (or
walls) may be rigid, or may alternatively be formed of flexible, plastic material (e.g., such as

flexible, plastic sheets (or aprons)). If the walls are rigid and load-bearing, then supports 38
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may not be necessary. By contrast, if the walls are formed of flexible, plastic sheets (or
aprons), the one or more load-bearing supports 38 (or other types of supports for the roof of
gathering structure 20) may be provided.

J035] In some implementations, either or both of the flexible, plastic sheets (or aprons)
comprising the walls of gathering structure 20 may be transparent so as to not adversely
impact the visibility of the driver of vehicle 14. For example, if roadway 16 comprises a
separate test lane {or lanes) to which vehicle 14 has detoured from its route in order to have
its emissions tested separate from other traffic, the use of transparent plastic sheets (or
aprons) may be beneficial in that the driver of vehicle 14 will be able to better see/monitor
traffic conditions when, for example, departing gathering structure 20 and merging back into
traffic.

J036] In various implementations, walls (as described above) may be provided on either or
both sides of gathering structure (20). In some instances, no walls may be provided and the
roof of gathering structure may, as described above, be supported above roadway 16 by one
or more load-bearing supports 38 comprising vertical structures (e.g., posts, columns, etc.)
with spaces in between. Configuring gathering structure 20 to include one, two, or no walls
extending parallel to a direction of travel on roadway 16 may depend on a variety of factors
including, for example, the types of vehicles being tested. For example, if commercial and/or
heavy-duty vehicles are being tested that have exhaust “stacks” that emit exhaust in an
upward (vertical) direction, it may not be necessary to include walls as the roof of gathering
structure 20 may direct exhaust emissions to (or pool exhaust emissions near) one or more
openings 36 of collector 18. Some “high-stack” vehicles, however, have exhaust stacks that
direct emissions outward (laterally) away from the vehicle at an elevated position. One
example includes smaller rock hauler trucks that have exhaust stacks that are positioned lower
and that aim sideways to the right. Having a wall on the same side of gathering structure 20
as the side of vehicle 14 where exhaust gases are emitted would help contain vehicle exhaust
emissions within gathering structure 20 and/or guide such emissions toward one or more
openings 36 of collector 18.

[037] The configuration of roadway 16 may also factor into a determination as to whether
walls may be provided on either or both sides of gathering structure 20. For example, if

roadway 16 comprises a separate test lane (or lanes) to which vehicle 14 has detoured from its
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route in order to have its emissions tested separate from other traffic, gathering structure 20
may not include a wall on its left side, particularly if vehicle 14 emits exhaust to the right-hand
side and has to merge back into traffic on its left-hand side (so as to improve visibility for the
driver). Alternatively, gathering structure 20 may not include a wall on its right side,
particularly if vehicle 14 emits exhaust to the left-hand side and has to merge back into traffic
on its right-hand side (so as to improve visibility for the driver). In the exemplary and non-
limiting illustration of FIGS. 1-2, gathering structure 20 is depicted with only one side wall 45
(on the right-hand side) extending parallel to a direction of travel on roadway 16.

[038] If a variety of high-stack emitters will likely be encountered during a testing session,
including those that emit exhaust emissions either vertically, to the left-hand side, and/or to
the right-hand side such that it is desirable to have walls on both sides of gathering structure
20, then, as noted above, gathering structure 20 may comprise two walls comprising flexible,
plastic sheets (or aprons) that are transparent so as to not adversely impact the visibility of the
driver of vehicle 14. Alternatively, if roadway 16 comprises a separate test lane (or lanes) of
sufficient length such that vehicle 14 has an ample distance to merge back into traffic after
departing gathering structure 20, either or both of the walls of gathering structure 20 may be
rigid, or plastic (but not necessarily transparent). Many different configurations may be
implemented.

[039] In some implementations of the invention, collector 18 receives air from one or more
collector locations above the surface of roadway 16. Collector 18 may be held in place at or
near gathering structure 20 by one or more of a variety of different techniques for securing
collector 18 in place. These techniques may include, for example, fastening collector 18 to
gathering structure 20 with an adhesive and/or one or fasteners (e.g., one or more U-bolts),
and/or other techniques. Collector 18 may include one or more conduits with one or more
collector openings 36 formed therein. For example, collector 18 may be formed from one or
more perforated pipes. Air can be drawn into collector 18 from ambient atmosphere via
collector openings 36. Each of the collector openings 36 may form one of the aforementioned
collector locations.

[040] The position of collector openings 36 with respect to roadway 16 may facilitate
reception by collector openings 36 of exhaust from vehicle 14 where vehicle 14 is a

commercial or heavy-duty vehicle. For example, collector 18 is illustrated in FIG. 1 and
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discussed herein as providing collector openings 36 over roadway 16 to receive exhaust
emitted at an elevated location and/or with an upward velocity by vehicle 14 (e.g., from the
“stacks” on a semi-tractor, etc.). This is not intended to be limiting. For example, in some
implementations, collector 18 may provide collector openings along side roadway 16 above
the surface of roadway 16 (e.g., to collect exhaust emitted by vehicles that project exhaust out
to the side). In certain implementations, collector 18 may include a single conduit along which
collector openings 36 are formed (as shown in FIG. 1). In certain implementations, collector
18 may include a plurality of separate conduits and/or conduit branches, with each of the
conduits and/or conduit branches forming one or more of collector openings 36.

[041] In some implementations of the invention, collector openings 36 may be disposed
between a first location and a second location on the roadway. The path between the first
location and the second location may correspond to the path of vehicle 14 as it travels along
roadway 16 (e.g., the path defined for vehicle 14 by roadway 16). For example, as may be
seen in FIG. 1, in some implementations, collector openings 36 may be disposed above the
path of vehicle 14 along the roadway to receive exhaust emitted by vehicle 14.

[042] In some implementations of the invention, one or both of collector 18 and/or
gathering structure 20 may be portable between sites. For example, collector 18 may be
removable from gathering structure 20 to enable collector 18 to be selectively implemented at
a plurality of different sites that have gathering structures. As another example, gathering
structure 20 may include a tent-like structure, or some other portable structure that enables
gathering structure 20 to be transported with collector 18 between sites.

[043] Flow generator 22 may be in communication with collector 18, and may be configured
to generate a flow of air within collector 18 that draws ambient air present at the collector
locations into collector openings 36, and through the conduit(s) formed by collector 18. As
such, flow generator 22 may generate a negative pressure at an end of the conduit(s) of
collector 18 opposite collector openings 36 to create suction that draws the ambient air into
collector openings 36. Flow generator 22 may include a vacuum pump, an impeller {(or
turbine), and/or other flow generators capable of generating a flow of air from collector
openings 36 down into the conduit(s) of collector 18.

[044] In some implementations, flow generator 22 may be configured to continuously draw

air into collector 18 at a predetermined flow rate (e.g., 5.0 standard liters per minute) from
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collector openings 36. As vehicle 14 passes by collector 18, a plug (or plugs) of air including a
sample of exhaust plume 16 may be drawn through collector openings 36 and into the
conduit(s) formed by collector 18. The air received thusly may be delivered from collector 18
to component detection system 24 (with which the conduit(s) of collector 18 is in fluid
communication) for analysis, as is discussed below. The plug(s) of air including the exhaust
sample remains essentially intact with minimal spreading as it travels through collector 18.
The length of the conduit(s) between collector openings 36 and component detection system
24 may differ in various configurations as the distance between roadway 16 and component
detection system 24, the height of collector openings 36 from the surface of roadway 16,
and/or other system parameters vary.

J045] At collector openings 36, air may be substantially at atmospheric pressure. As was
mentioned above, to induce a flow of air within collector 18 that draws air into collector
openings 36, flow generator 22 may generate a reduced pressure within collector 18 that falls
to a predetermined pressure level at or near a measurement cell 40 associated with
component detection system 24, at which the presence of one or more components in the air
received from collector openings 36 may be quantified. In some instances, for example, the
pressure in measurement cell 40 may decrease to approximately 50 torr. In one
implementation, and as illustrated in FIG. 1, for example, flow generator 22 may be located
downstream of the measurement instruments comprising component detection system 24. In
such a configuration, detectors {of component detection system 24) may be sampling under
slight vacuum conditions. Alternatively, flow generator 22 may be located upstream of the
Mmeasurement instruments comprising component detection system 24 (not illustrated). In
this instance, detectors (of component detection system 24) may be sampling under
atmospheric pressure, however, the blades of the turbine of flow generator 22 may disrupt
some particles.

[046] In various implementations, and as described in greater detail below with reference to
FIG. 2, characteristics of collector 18 (e.g., arrangement of openings, length, diameter, cross-
section, etc.), and/or operating parameters of flow generator 22 may be adjusted as necessary
to achieve desired flow rates and pressure drops within collector 18. Such adjustments to
these and other components of system 10 may ensure that optimal conditions exist for

quantifying the presence of one or more components in exhaust plume 14. Optimal
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conditions may vary depending on which components are being analyzed (e.g., which gaseous
components, what size particulate matter, etc.), as well as what type of component detection
system 24 is being implemented to best quantify the presence of the components of interest.
[047] According to an implementation of the invention, component detection system 24 may
comprise any system capable of quantifying the presence of one or more components in a
sample of exhaust introduced into a measurement space or cell 40 (via collector 18 and flow
generator 22). As such, component detection system 24 may comprise a detector capable of
determining concentrations of one or more gaseous constituents present in an exhaust
sample, a detector capable of measuring the density of particulate matter present in an
exhaust sample (e.g., opacity, smoke, etc.), and/or other detectors. For example, component
detection system 24 may comprise a mass spectrometer, visible/ultraviolet absorption
spectrometer, infrared absorption spectrometer, or other known or subsequently developed
trace gas detection instrument or system. Similarly, component detection system 24 may
comprise an aerosol mass spectrometer, condensation particle counter, light scattering
detector, laser incandescent particle detector, electrostatic particle charging detector, or
other known or subsequently developed fast response, fine particle instrument or system.
J048] Similar to most (if not all) non-contact, remote emissions sensing (or "cross-road")
systems, including (but not limited to) those systems described in the U.S. Patents identified
(and incorporated herein by reference) above, component detection system 24 may, in one
implementation, be configured to determine the ratio of individual pollutants {e.g., CO, HC,
NO, etc.) to CO, or to total carbon in a known manner to determine the concentration of the
individual pollutants in an exhaust gas sample. The individual concentrations of pollutants in
diluted exhaust may not in themselves be useful until assembled into ratios versus CO; from
which can be determined emissions per kg of fuel, per gallon of fuel and, to a good
approximation, to emissions per brake horsepower hour (the units of the current government
standard for new engine certification) to the extent that fuel consumption per brake
horsepower hour is reasonably well known for heavy duty diesel engines. Because ratios are
used, it may not matter, for example, if one of the extractive measurement instruments (of
component detection system 24) is slower in response than the others, or has a greater lag
time before reporting concentrations versus time. This may arise because, for each

instrument, there may be a few seconds when an exhaust plume is known to be present (e.qg.,
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from the CO, data with some extra time added on each side) and the pollutant readings in the
other instruments will be integrated during that time frame, and then the integrals ratioed to
the observed CO; integral. In an illustrative (and non-limiting) example, a CO, detector may
have a slower response time than a CO detector, and vehicle exhaust being measured may
include both CO and CO, (above “background” levels). Further, in the example, a two-second
long plume of well-mixed exhaust arrives at the detector manifold (of component detection
system 24). The CO detector (having a faster response time) correctly measures a two-second
long peak which is measured and integrated above the background reading, while the slower
CO; detector may measure a four-second peak before it returns to the background reading.
However, each peak may be integrated regardless of the exact time when the measurement
was recorded, and the ratio of the two integrals may be used as the average exhaust CO/CO,;
ratio from which emissions per kg of fuel, per gallon of fuel, etc. are calculated.

[049] In one implementation, background exhaust gas concentrations may, as in other
remote sensing applications, be determined from the instrument readings (of component
detection system 24) before and/or after an observed CO; plume from vehicle 14 passing
through gathering structure 20 is recorded.

[050] Further, calibration of component detection system 24 may be provided by inserting a
puff of suitable synthetic exhaust gas with known RATIOs into one or more of collector
openings 36 or a separate calibration gas entrance (not illustrated) upstream of component
detection system 24 to guarantee adequate mixing. Calibration of smoke parameters may be
achieved using known calibration procedures (e.g., the extractive instrument manufacturer’s
calibration procedures).

[051] According to one aspect of the invention, computer 26 may be in operative
communication with and/or control one or more components of component detection system
24, flow generator 26, vehicle communication system 28, position tracking system 30, vehicle
identification system 32, and/or other components. For example, computer 26 may control a
data acquisition (or sampling) session, as well as process and store data from component
detection system 24. Computer 26 may comprise a personal computer, portable computer
(e.g., laptop computer), processor, or other device. In some implementations, computer 26
may comprise one or more of one or more processors, a user interface, memory, one or more

storage devices, and/or other components, which are electrically coupled via a bus. The
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memory may comprise random access memory (RAM), read only memory (ROM), or other
memory. The memory may store computer-executable instructions to be executed by the one
or more processors, as well as data which may be manipulated by the one or more processors.
The one or more storage devices may comprise floppy disks, hard disks, optical disks, tapes, or
other storage devices for storing computer-executable instructions and/or data. The user
interface may comprise interfaces to various peripheral devices (e.g., keyboard, mouse,
microphones, external storage devices, monitors, printers or other input and/or output
devices as would be appreciated by those having skill in the art) as well as other components
as described herein.

J052] According to one aspect of the invention, computer 26 may be connected by wire or
wirelessly to a network (e.g., Internet, Intranet, etc.) so that emissions data or other
information may be made accessible via a web site or other application (or transmitted a
predetermined interval) to vehicle owners or operators, regulatory bodies (e.g., Dept. of
Motor Vehicles), or to other entities.

[053] In some implementations, component detection system 24 takes a plurality of
“samples” of exhaust emitted by vehicle 14 as vehicle 14 is adjacent to (or, e.g., driving
through or under) gathering structure 20. This may comprise quantifying the presence of one
or more components (e.g., gaseous constituents, particulate matter, etc.) in air collected by
collector 18 periodically at a sampling rate over a time period during which exhaust emitted by
vehicle 14 while operating adjacent to gathering structure 20 is being analyzed. For example,
this time period may include a time period during which exhaust emitted by vehicle 14 while
traveling from a first location 42 at or near a first end of (or entrance to) gathering structure
20 to a second location 44 at or near an opposite (or second) end of (or exit from) gathering
structure 20 is being analyzed by component detection system 24. In some instances,
component detection system 24 (or some subsequent processor, such as computer 26)
aggregates the samples taken during the time period to determine an aggregate quantification
of the presence of the one or more components in the exhaust of vehicle 14. Even if the
vehicle is being operated in some atypical fashion (e.g., changing gears) during the time
period, the aggregation of the quantification may suppress inaccuracies caused by this
momentary atypical operation, and may be more representative of the emissions of vehicle 14

under normal driving conditions that a conventional remote sensing measurement. For
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example, values determined for each of the samples may be averaged or otherwise
aggregated to determine the aggregate quantification of the presence of the one or more
components in the exhaust of vehicle 14.

[054] In some instances, readings of component detection system 24 may be implemented
as a “trigger” that causes an aggregation of measurements of exhaust components present in
the air within collector 18. For example, a rise in CO,, and/or some other exhaust component,
in the air within collector 18 (as determined by component detection system 24) above some
predetermined threshold may trigger the an aggregation of samples taken by component
detection system 24. The aggregation may continue until the CO, within the air in collector 18
falls below the predetermined threshold, for a predetermined time period after the initial
trigger, for a predetermined time period after the level of CO, falls below the threshold,
and/or for some other amount of time.

J055] As should be apparent from the configuration of collector 18 and gathering structure
20 with respect to roadway 16, system 10 is configured to detect the presence of components
in the exhaust of vehicle 14 during normal operation of vehicle 14. Generally, the amount and
composition of exhaust emitted by a vehicle is somewhat a function of the conditions under
which the vehicle is operating. For example, exhaust emitted by vehicle 14 while cruising at
freeway speeds on a level grade would be expected to be different in quantity and/or
composition from exhaust emitted by vehicle 14 while accelerating from a stopped position.
[056] As such, vehicle communication system 28 may be provided to communicate with the
driver of vehicle 14 the manner in which vehicle 14 should be operated while it is traveling
along the path of roadway 16 that is adjacent to collector openings 36 (e.g., underneath
collector openings 36 between first location 42 and second location 44). For example, vehicle
communication system 28 may communicate instructions to the driver of vehicle 14 dictating
the manner in which vehicle 14 should be operated. In one implementation, the instructions
may include: (1) an instruction to bring vehicle 14 to a stop, or some predetermined low
speed, at first location 42 at one end of gathering structure 20; and (2) an instruction to
accelerate from the stop (or low speed) while traveling along the roadway adjacent to
gathering structure 20 toward second location 44. The instruction to accelerate may include a
predetermined upper speed that vehicle 14 should reach before exiting the section of

roadway adjacent to gathering structure 20 (e.g., at second location 44), a rate of acceleration,
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and/or other instructions that specify how much vehicle 14 should accelerate. In one
implementation, the instructions may include a speed at which vehicle 14 should be driven for
the entire time that it is on roadway 16 between first location 42 and second location 44.
Other implementations, in which vehicle communication system 28 communicates other
operating conditions to the driver of vehicle 14 exist.

[057] In order to communicate with the driver of vehicle 14, vehicle communication system
28 may include one or more displays, one or more speakers, and/or other interfaces that
communicate information to the driver of vehicle 14. In some implementations, the one or
more displays may include one or more dynamic, electronic displays (e.g., monitors, screens,
projectors, lights, etc.) that can be controlled to provide information to the driver of vehicle
14. In some implementations, the one or more displays may include one or more static, fixed
displays (e.g., signs, lettering/figures formed on roadway 16, lettering/figures formed on
gathering structure 20, etc.), and/or other displays.

[058] Although vehicle communication system 28 may be positioned proximate to gathering
structure 20 and/or collector 18, in some implementations, vehicle communication system 28
may provide communication to the driver of vehicle 14 at some predetermined distance from
gathering structure 20 and/or collector 18. For example, at some predetermined distance
from gathering structure 20 and/or collector 18, vehicle communication system 28 may
communicate to the driver of vehicle 14 that a test zone at which the emissions of vehicle 14
will be tested is upcoming, and that vehicle 14 should achieve and/or maintain some
predetermined speed while adjacent to gathering structure and/or collector 18.

[059] In some implementations of the invention, position tracking system 30 may track the
position, speed, acceleration, jerk, etc. of vehicle 14 as it travels along roadway 16 between
first location 42 and second location 44. Position tracking system 30 may include one or more
of infrared motion sensors, pressure sensors, radar, lidar, sonar, and/or or other sensors
capable of detecting the presence, speed, acceleration, etc. of vehicle 14.

[060] The information determined by position tracking system 30 may be communicated to
computer 26, and may be processed by computer 26 to determine the compliance of vehicle
14 with the instructions provided by vehicle communication system 28. This may enable
computer 26 to “flag” instances where vehicle 14 has not been operated in accordance with

the operating conditions dictated by vehicle communication system 28 (e.g., as invalid, as
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being of questionable accuracy and/or precision, etc.).

J061] In some instances, the information determined by position tracking system 30 may be
implemented to determine when exhaust emitted by vehicle 14 is being analyzed by
component detection system 24 (as opposed to ambient air). For example, as was mentioned
above, there is generally a delay between the reception of exhaust at collector openings 36
and introduction of the received exhaust into component detection system 24 (e.g., within
measurement cell 40). The detection of the position of vehicle 14 along roadway 16, coupled
with a known amount of time associated with this delay may enable a determination (e.g., by
computer 26) as to when the exhaust emitted by vehicle 14 and received at collector openings
has reached component detection system 24.

[062] In some implementations, information related to the position of vehicle 14 by position
tracking system 30 may be implemented to “trigger” operation of one or both of flow
generator 22 and/or component detection system 24. For example, a determination by
position tracking system 30 that vehicle 14 is at or approaching gathering structure 20 (e.g., at
or approaching first location 42) may trigger flow generator 22 to begin to generate a flow of
air from collector openings 36 to component detection system 24. In such instances, flow
generator 22 may begin to generate a flow by opening a valve (e.g., to communicate the
conduit(s) associated with collector 18 with a reduced pressure chamber), initiating a pump
(e.g., to begin suction), and/or otherwise generating a flow from collector openings 36 to
component detection system 24. Similarly, flow generator may cease the generation of a flow
from collector openings 36 to component detection system upon a determination by position
tracking system 30 that vehicle 14 is exiting, or has exited, gathering structure 20.

[063] Data regarding the identification of those vehicle 14 passing adjacent to gathering
structure 20 to have its exhaust tested may be acquired by vehicle identification system 32 or
other known identification device or system (not illustrated) in operative communication with
computer 26 (e.g., via a wireless or hard-wired connection). Vehicle identification system 32
may comprise, for example, a film camera, video camera, or digital camera. Other imaging
devices may also be used. Preferably, the imaging unit associated with vehicle identification
system 32 may record an image of the identification tag (e.g., license plate) of vehicle 14. Tag
information may be processed by computer 26 to provide additional information about

vehicle 24. For example, a Motor Vehicle Department databases may be accessed to retrieve
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owner information, driver information, license information, make, model type, model year, or
other information.

[064] According to one implementation of the invention, an identification tag on vehicle 14
may be read by vehicle identification system 32 to identify the vehicle, and computer 26 may
associate particular sensed vehicle emission information with the identified vehicle. In some
implementations, an identification tag (defined as a license plate above), may comprise a
transponder located on or within vehicle 14 (e.g., hung from a rear view mirror, placed on the
dashboard, etc.), or that is integral within the vehicle (e.g., part of a global positioning system
("GPS"), located within the engine of the vehicle, or placed or mounted elsewhere). The
transponder may transmit information about vehicle 14, including make and model of vehicle
14, engine characteristics, fuel type, the owner of vehicle 14, or other information which may
be pertinent. Information transmitted by the transponder may be received by vehicle
identification system 32. According to an implementation of the invention, a transponder may
be used in connection with other functions. By way of example, a transponder may also be
used in connection with a toll pass, whereby a driver can electronically pay tolls via the
transponder without stopping the vehicle.

J065] An identification tag may also comprise a tag or decal that requires a reader associated
with vehicle identification system 32. By way of example, an identification tag may comprise a
decal with identifying marks (e.g., bar codes, infrared markings, etc.) containing information
about vehicle 14. The decal may be located outside vehicle 14, such as on a front or rear
bumper, on the under-side of vehicle 14, or any other location on vehicle 14 where the decal
may be suitably read. A reader may observe the decal and thereby obtain information about
vehicle 14.

[066] Computer 26 may receive information about vehicle 14 from a reader and/or receiver
associated with vehicle identification system. Vehicle information and information obtained
by sensing vehicle emissions may be stored. Computer 26 may correlate vehicle information
received from an identification tag with the results from vehicle emissions sensing. Computer
26 may update a vehicle record to include results obtained by processing vehicle emission
data, such as information regarding whether a vehicle has passed or failed predetermined
emissions criteria. Other vehicle identification systems may be implemented.

J067] FIG. 2 illustrates an exemplary (non-limiting) implementation of system 10. As shown,
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collector 18 may include an extraction portion 18a, a delivery portion 18b, and/or other
portions. Extraction portion 18a may include the portion of collector 18 in which collector
openings 36 are formed, and may be configured to extract vehicle emissions that have been
gathered (or directed) into openings 36 by gathering structure 20. Delivery portion 18b may
be configured to deliver vehicle emissions (that have been extracted by extraction portion
18a) to component detection system 24.

[068] The emission extraction subsystem formed by extraction portion 18a, delivery portion
18b, collector openings 36, and flow generator 22 may be configured such that the time it
takes vehicle emissions extracted at a given one of collector openings 36 to reach delivery
portion 18b and/or component detection system 24 is a function of the location of the given
collector opening 36 between first location 42 and second location 44. In some
implementations, vehicle emissions extracted through one or more collector openings 36
closer to first location 42 take longer to reach delivery portion 18b than vehicle emissions
extracted through one or more collector openings 36 closer to second location 44. For
convenience, the time it takes for a sample of vehicle exhaust emissions to travel from an
entry point in extraction portion 18a (e.g., entry being via one or more collector openings 36)
to component detection system 24 will be referred to herein as the “collection time” of the
sample.

J069] As vehicle 14 is traveling on roadway 16 (as shown in FIGS. 1-2) in a direction from first
location 42 toward second location 44, exhaust emissions from vehicle 14 arrive at one or
more collector openings 36 near first location 42 before exhaust emissions from vehicle 14
arrive at one or more collector openings 36 near second location 44. As such, by configuring
one or more of extraction portion 18a, delivery portion 18b, collector openings 36, and/or
flow generator 22 such that the collection time of a (first) sample of vehicle emissions
extracted at one or more collector openings 36 located near first location 42 is longer than the
collection time of a (second) sample of vehicle emissions extracted at one or more collector
openings 36 located near second location 44, exhaust emissions emitted by vehicle 14
between first location 42 and second location 44 (along roadway 16) are aggregated and/or
condensed for analysis by component detection system 24.

[070] In other words, a sample of exhaust emissions emitted by vehicle 14 relatively close to

first location 42 may be introduced into delivery portion 18b of collector 18 at substantially
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the same time as a sample of exhaust emissions emitted later in time when vehicle 14 is
relatively close to second location 44. This aggregation of vehicle emissions results in an
integrated (or aggregated) exhaust plume (or sample) that is larger and easier to measure,
thereby enhancing the accuracy and/or precision of the analysis performed by component
detection system 24 (e.g., the determination of the concentrations of the gaseous
components in the integrated sample).

[071] In one implementation, a delay in collection time along extraction portion 18a of
collector 18 may be manipulated and/or controlled to substantially match the travel time of
vehicle 14 along roadway 16. For example, if instructions provided to an operator of vehicle
14 (e.g., by vehicle communication system 28) result in a trip between first location 42 and
second location 44 having some trip duration, one or more of extraction portion 18a, delivery
portion 18b, collector openings 36, and/or flow generator 22 may be configured such that a
collection time for a (first) sample of vehicle exhaust emissions collected through one or more
collector openings 36 at or near first location 42 is longer than a collection time for a (second)
sample of vehicle exhaust emissions collected through one or more collector openings 36 at or
near second location 44, with the difference in collection times for the first and second
samples being substantially equal to the trip duration. This difference in collection times may
be determined, for example, based on a predicted trip duration (e.g., the trip duration if
directions conveyed via vehicle communication system 28 are followed). Such directions may
include instructions to maintain a given speed, accelerate, and/or decelerate. The difference
in collection times may also be determined based on measurements of vehicle position and/or
speed (e.g., by position tracking system 30), and/or determined in other ways.

[072] A difference in collection times may be created in one or more of a variety of ways.
For example, by positioning the interface between extraction portion 18a and delivery portion
18b relatively close to second location 44 (e.g., at or near second location 44), a sample of
vehicle exhaust emissions entering extraction portion 18a at or near first location 42 will have
to travel the full length of extraction portion 18a to reach delivery portion 18b, while a sample
of vehicle exhaust emissions collected at or near second location 44 will have a much shorter
path within extraction portion 18a before reaching delivery portion 18b.

J073] As another example, the size and/or shape of collector openings 36 may be varied over

the length of extraction portion 18a to increase or decrease the rates at which exhaust
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emissions are collected into extraction portion 18a through individual collector openings 36.
In one implementation, for example, the size (diameter) and/or shape of collector openings 36
at or near first location 42 may be larger than the size (diameter) and/or shape of collector
openings 36 at or near second location 42.

[074] In one non-limiting example, the size and/or shape of one or more of collector
openings 36 may be static or dynamic (e.g., formed by controllable valves having variable
opening size and/or shape).

[075] As yet another non-limiting example, the rate at which flow generator 22 pulls exhaust
gases through delivery portion 18b may be adjusted to adjust the differences in collection
times for vehicle emissions collected closer to first location 42 and vehicle emissions collected
closer to second location 44. Other mechanisms for controlling the collection times may be
used in conjunction with or separate from those set forth herein.

[076] The illustration of collector 18 as including a single path as extraction portion 18a and a
single path as delivery portion 18b should not be viewed as limiting. In some
implementations, collector 18 may include a plurality of separate lumens or other structures
operating as extraction portions 18a and/or a plurality of separate lumens or other structures
operating as delivery portions 18b. In some implementations, the inclusion of a plurality of
separate extraction portions 18a and/or delivery portions 18b may enhance the ability to
dynamically adjust collection times for vehicle exhaust emissions gathered and/or collected
(via collector 18) at different locations between first location 42 and second location 44. This
may facilitate active adjustment of collection times to accommodate different trip durations
for vehicle 14 along roadway 16.

[077] In view of the foregoing description, one exemplary and non-limiting example is
provided with reference to FIG. 2. Particularly, in the example, extraction portion 18a of
collector 18 may be approximately fifty feet in length, and collector openings 36 near first
location 42 may be larger than the collector openings 36 near second location 44 (near
delivery portion 18b). If vehicle 14 enters gathering structure at or near first location 42 and
takes approximately eight seconds to travel through gathering structure 20 before arriving at
second location 44, then a second sample of vehicle emissions extracted at a collector opening
36 located near second location 44 will be entering the collector opening 36 at approximately

the same time as a first sample of vehicle emissions previously extracted near first location 42
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arrives inside extraction portion 18a (just inside the same collector opening 36 near second
location 44). This configuration assumes that flow generator 22 is configured to draw the first
sample of vehicle emissions (extracted near first location 42) through the fifty-foot extraction
portion 18a in approximately eight seconds. As a result, when eight seconds worth of exhaust
samples from vehicle 14 arrive at second location 44 (near delivery portion 18b), they are
integrated into a sample of dilute exhaust (i.e., the second sample of vehicle emissions
extracted at a collector opening 36 located near second location 44) with a much shorter time
profile than the eight seconds spent contributing to the air flow. This integration (in which
eight seconds of exhaust samples is placed into about two seconds worth of air) compliments
the integration to be performed by the suite of instruments comprising component detection
system 24.

[078] The location of delivery portion 18b may be altered to change the dilution of exhaust
from vehicle 14 so as to achieve readings most suitable for the suite of instruments comprising
component detection system 24, and to ensure adequate exhaust dilution to avoid water
condensation, inappropriate particle formation, or other occurrences that may negatively
affect testing accuracy. Maximum dilution may, for example, be achieved when delivery
portion 18b is located substantially near the entrance of gathering structure 20 near first
location 42. By contrast, minimum dilution may, for example, be achieved when delivery
portion 18b is located substantially near the exit of gathering structure 20 near second
location 44 (as shown in FIG. 2). In various implementations, delivery portion 18b may be
located at any point along gathering structure 20 between first location 42 and second
location 44 depending on testing goals and requirements.

]079] According to an aspect of the invention, if the suite of instruments (comprising
component detection system 24) used to monitor vehicle exhaust emissions is too sensitive
for a particular testing application, or if the dilution of the vehicle exhaust emissions is too
small to ensure that water vapor is not condensed, or that excess particles are not formed, or
if other difficulties are encountered, a number of modifications may be implemented. For
example, the extraction air flow (generated by flow generator 22) may be increased with a
larger turbine and, if it is desirable to maintain the same linear flow rates, a larger diameter
collector 18 (or extraction tube) may be used, and/or the position of delivery portion 18b may

be moved closer to the upstream end of gathering structure 20 (e.g., closer to first location
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42). In this configuration, with the same vehicle (and with reference to the non-limiting
example discussed above), an exhaust plume which might have, for example, occupied two
seconds previously may now occupy sixteen seconds because a first exhaust sample (at first
location 42) arrives more or less immediately at component detection system 24, while the
last exhaust sample (emitted at or near second location 44) occurs approximately eight
seconds later and takes approximately eight more seconds to travel back down extraction
portion 18a to delivery portion 18b and ultimately to component detection system 24.

[080] FIG. 3 illustrates a method 46 of quantifying the presence of one or more components
in an exhaust plume of a vehicle traveling on a roadway, in accordance with one or more
implementations of the invention. Although some of the operations of method 46 are
discussed below with respect to the components of system 10 described above and illustrated
in FIGS. 1-2, it should be appreciated that this is for illustrative purposes only, and that
method 46 may be implemented with alternative components and/or systems without
departing from the scope of this disclosure. Further, the particular arrangement of the
operations illustrated in FIG. 3 and described hereafter is not intended to be limiting. In some
implementations, various ones of the operations could be performed in an order other than
the one set forth, various ones of the operations may be combined with others and/or be
omitted altogether, and/or various additional operations may be added without departing
from the scope of the disclosure, as should be appreciated.

J081] At an operation 48, one or more openings of a collector and/or a gathering structure
may be positioned above the surface of the roadway such that one or more surfaces of the
gathering structure may cause exhaust emitted by the vehicle as it travels on the roadway to
gather around the one or more openings of the collector. In some implementations, the
collector and/or the gathering structure may be similar to or the same as collector 18 and/or
gathering structure 20, shown in FIGS. 1-2 and described above.

[082] At an operation 50, information related to the position of the vehicle is determined.
The information related to the position of the vehicle may include one or more of the position,
speed, acceleration, and/or jerk of the vehicle. The information determined at operation 50
may include one or both of information related to the position of the vehicle with respect to
the gathering structure and/or collector openings positioned at operation 48, and/or the

operating conditions under which the vehicle is operating while it is adjacent to the gathering
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structure and/or collector openings. In some implementations, operation 50 may be
performed by a position tracking system that is the same as or similar to position tracking
system 30, shown in FIGS. 1-2 and described above.

J083] At an operation 52, exhaust emitted by the vehicle may be received into the plurality
of collector openings. Receiving the exhaust into the plurality of collector openings may
include generating a flow of air from the collector openings into the collector that draws the
exhaust into the collector by way of the collector openings. The flow of air may be created via
suction within the collector. In some instances, the generation of the flow of air may be
triggered by a determination of the position of the vehicle at operation 50 (e.g., that the
vehicle is at or approaching the gathering structure and/or collector openings). In some
implementations, the flow of air may be generated by a flow generator that is the same as or
similar to flow generator 22, shown in FIGS. 1-2 and described above.

J084] At an operation 54, exhaust received into the collector openings at operation 52 may
be analyzed to quantify the presence of one or more components in the received exhaust.
The exhaust may be delivered from the collector openings to a component detection system
by the flow of air generated at operation 52, and the component detection system may
perform the analysis of the received exhaust at operation 54. In some instances, the analysis
of the presence of components in air received at operation 52 into the collector openings may
be triggered by a determination of the position of the vehicle at operation 50 (e.g., that the
vehicle is at or approaching the gathering structure and/or collector openings). In some
implementations, the component detection system may include a component detection
system that is the same as or similar to component detection system 24, shown in FIGS. 1-2
and described above.

[085] At an operation 56, instructions may be provided to the vehicle that dictate the
manner in which the vehicle should be operated when it is adjacent to the gathering structure
and/or collector openings positioned at operation 48. In some instances, the instructions may
be dynamic (e.g., delivered via an electronic display and/or speaker. In some instances, the
instructions may be static {(e.g., delivered via signage). In some implementations, operation 56
may be performed by a vehicle communication system that is the same as or similar to vehicle
communication system 28, shown in FIGS. 1-2 and described above.

J086] At an operation 58, compliance of the vehicle with the instructions provided to the
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vehicle at operation 56. The compliance of the vehicle with the provided instructions may be
based on information related to the position, speed, acceleration, and/or jerk of the vehicle
determined at operation 50. In some implementations, operation 58 may be performed by a
computer that is similar to or the same as computer 26, shown in FIGS. 1-2 and described
above.

J087] At an operation 60, the vehicle and/or vehicle information related to the vehicle (e.g.,
owner information, driver information, license information, make, model type, model year,
etc.) may be identified. In some implementations, operation 60 may be performed by a
vehicle identification system that is the same as or similar to vehicle identification system 32,
shown in FIGS. 1-2 and described above.

[088] At an operation 62, results of the analysis performed at operation 54 may be
correlated with one or both of compliance information determined at operation 58 and/or
vehicle information identified at operation 60. This may create a record that relates results of
the analysis with the appropriate vehicle (and/or class of vehicle), and/or specifies at least
some of the parameters under which testing was conducted (e.g., whether the vehicle
complied with the instructions provided at operation 58 during the testing).

J089] FIG. 4 illustrates a method 64 of analyzing exhaust to quantify the presence of one or
more components in the exhaust, according to one or more implementations of the invention.
In the description of method 64 and one or more of its operations below, specific reference is
made to various components shown in FIGS. 1-2 and described above and/or various
operations shown in FIG. 3 and described above. However, this should not be viewed as
limiting. Instead, method 64 should be appreciated as being usable with a variety of different
systems and methods. Further, the particular arrangement of the operations of method 64
illustrated in FIG. 4 and described hereafter is not intended to be limiting. In some
implementations, various ones of the operations could be performed in an order other than
the one set forth (or concomitantly with other ones of the operations), various ones of the
operations may be combined with others and/or be omitted altogether, and/or various
additional operations may be added without departing from the scope of the disclosure, as
should be appreciated.

[090] At an operation 66, a determination may be made as to whether analysis of the

exhaust should begin (or has begun). Operation 66 may include determining whether exhaust
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received into collector openings adjacent to a roadway along which a vehicle is traveling has
reached a component detection system performing the analysis. For example, operation 66
may include determining whether exhaust received at operation 52 of method 46, shown in
FIG. 3 and described above, has reached the component detection system. The determination
made at operation 66 may be based on a position of the vehicle (e.g., at operation 50 of
method 46) and/or a known delay time between the reception of the exhaust into the
collector openings and the arrival of the received exhaust at the component detection system.
In some implementations, operation 66 may be performed by a computer that is the same as
or similar to computer 26, shown in FIGS. 1-2 and described above.

J091] If the determination is made at operation 66 that analysis of the exhaust should not (or
has not) begun, method 64 performs operation 66 yet again. If the determination is made at
operation 66 that analysis of the exhaust should begin, then method 64 proceeds to an
operation 68, at which the exhaust is sampled to quantify the presence of one or more
components. In some instances, this may include taking a single measurement of the one or
more components and proceeding to an operation 70. In some instances, this may include
taking a series of samples at a predetermined sampling interval and then proceeding to
operation 70. In some implementations, operation 68 may be performed by a component
detection system that is the same as or similar to component detection system 24, shown in
FIGS. 1-2 and described above.

[092] At operation 70, a determination may be made as to whether analysis of the exhaust
should cease (or has ceased). Operation 70 may include determining whether exhaust
received into collector openings adjacent to a roadway along which a vehicle is traveling is no
longer reaching component detection system performing the analysis (e.g., because the
vehicle has passed the collector openings). For example, operation 70 may include
determining whether all of the exhaust received at operation 52 of method 46, shown in FIG. 3
and described above, has already been sampled and exhausted by the component detection
system. The determination made at operation 70 may be based on a position of the vehicle
(e.g., at operation 50 of method 46) and/or a known delay time between the reception of the
exhaust into the collector openings and the arrival of the received exhaust at the component
detection system. In some implementations, operation 70 may be performed by a computer

that is the same as or similar to computer 26, shown in FIGS. 1-2 and described above.
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[093] If the determination is made at operation 70 that analysis of the exhaust should not
cease (or has not ceased), method 64 may return to operation 68. If the determination is
made at operation 70 that analysis of the exhaust should cease (or has ceased), then method
64 may proceed to an operation 72.

[094] At operation 72, the samples quantifying the presence of the one or more components
in the exhaust, taken at operation 68, are aggregated by one or more of several possible
mathematical techniques to provide an aggregate quantification of the presence of the one or
more components in the exhaust of the vehicle. In some instances, operation 72 may include
averaging the samples. In some implementations, operation 72 may be performed by a
computer that is the same as or similar to computer 26, shown in FIGS. 1-2 and described
above.

J095] Although the invention has been described in detail for the purpose of illustration
based on what is currently considered to be the most practical and preferred
implementations, it is to be understood that such detail is solely for that purpose and that the
invention is not limited to the disclosed implementations, but, on the contrary, is intended to
cover modifications and equivalent arrangements that are within the spirit and scope of the
appended claims. For example, it is to be understood that the present invention contemplates
that, to the extent possible, one or more features of any implementation can be combined
with one or more features of any other implementation.

[096] In one alternative implementation, and with reference to FIG. 5, system 10 may further
comprise a remote emissions sensing (“RES”) system that may be used in lieu of, or in addition
to, the extractive sampling system described in detail above.

J097] The RES system may be configured to measure emissions in exhaust plume 12 (of
vehicle 14) in an optical measurement path 500 that runs in a direction substantially parallel to
extraction portion 18a of collector 18 (or, in other words, in a direction substantially parallel to
a direction of travel of vehicle 14 on roadway 16). In this regard, exhaust emitted by vehicle
14 may be directed by gathering structure to an elevated position above roadway 16 such that
the exhaust is present in optical measurement path 500.

J098] In one implementation, the RES system may comprise a source/detector unit 510
positioned at or near first location 42 (e.g., at a first end or entrance to gathering structure

20). The source/detector unit 510 may be provided at an elevated position above roadway 16
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(e.g., hung from the roof of gathering structure 20).

J099] Source/detector unit 510 may comprise one or more sources of electromagnetic
radiation (ER) which may be used in the absorption spectroscopy measurement of various
components of vehicle exhaust emissions in a known manner. The source may comprise an
infrared (IR) radiation source. In alternative implementations, other types of radiation sources
may be used including, for example, an ultraviolet (UV) source, a visible light source, or other
suitable sources as known and understood by those having skill in the art. In some
implementations, a combination of radiation sources may be used.

[0100] Source/detector unit 510 may further comprise one or more detectors or a detector
array for detecting radiation in a known manner. A detector array may be chosen to permit
detection of electromagnetic radiation emitted by the source. For example, the detector array
may comprise a photodetector (e.g., a photodiode), a photomultiplier tube (PMT), a
spectrometer, or any other suitable radiation detector. In one implementation, a mercury
cadmium telluride (Hg-Cd-Te) photodetector may be used to detect IR radiation. Other
suitable detectors or detector arrays or combinations thereof may also be used. In one
implementation, a single detector with multiple filters may be used instead of an array
employing multiple detectors. The multiple filters may be moveable, such as spinning filters,
to allow multiple components to be detected. In this regard, a single detector can be
employed to detect a plurality of different exhaust components because each of the moveable
filters is designed to allow only the wavelength band of interest by a particular exhaust
component to pass to the detector. According to yet another implementation, the RES system
may comprise a spectrometer, or other detecting device which may be used to detect more
than one component.

J0101] In one implementation, the RES system may comprise transfer optics 520 mounted in a
manner to allow radiation from the source of source/detector unit 510 to be reflected back to
the detector array of source/detector unit 510 along measurement path 500 for analysis.
Transfer optics 520 may be positioned at or near second location 44 (e.g., at a second end or
exit from gathering structure 20). Transfer optics 520 may be provided at an elevated position
above roadway 16 (e.g., hung from the roof of gathering structure 20) and alighed with
source/detector unit 510. Transfer optics 520 may comprise a mirror, flat mirror, lateral

transfer mirror (LTM), vertical transfer mirror (VIM), retroflector, or other device. In one
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implementation, transfer optics 520 may comprise a lateral transfer mirror to reflect radiation
from the source along a path displaced laterally or vertically, depending on orientation, from
the incident direction. Other configurations may be implemented.

J0102] In some implementations, the position of source/detector unit 510 and transfer optics

520 may be reversed such that source/detector unit 510 may be positioned at or near second
location 44 (e.g., at a second end or exit from gathering structure 20), while transfer optics
520 may be positioned at a first location 42 (e.g., at a first end or entrance to gathering
structure 20).
J0103] Additionally, in other implementations (not illustrated), source/detector unit 510 may
be replaced with a unit that includes a source, while transfer optics 520 may be replaced with
a unit that includes a detector (aligned with the source). In this implementation, a beam of
radiation makes one pass along measurement path 500 (i.e., from the source to the detector)
rather than two passes along measurement path as shown in FIG. 5 (from source/detector
unit 510 to transfer optics 520 and then back to source/detector unit 510). Of course, in some
implementations, transfer optics 520 may be replaced with a unit that includes a source, and
source/detector unit 510 may be replaced with a unit that includes a detector (aligned with
the source). Other configurations may be implemented.

J0104] According to an aspect of the invention, source/detector unit 510, transfer optics 520,
and/or other components of the RES system may be in operative communication with one or
more of the other components of system 10 (described in detail above) including, for example,
computer 26, vehicle communication system 28, position tracking system 30, vehicle
identification system 32, and/or other components.

J0105] Computer 26 may execute one or more software applications to calculate the relative
amounts of various exhaust gas constituents, concentrations of various exhaust gas
constituents {e.g., HC, CO,, NO,, CO, etc.), the decay rate (e.g., dissipation in time) of the
exhaust constituents, the opacity of an exhaust plume, the temperature, speed and
acceleration of the vehicle, and to determine other desirable information as well.

[0106] In one implementation, computer 26 may calculate the relative amounts of various
exhaust gas constituents by computing the ratio of the absorption for a particular exhaust gas
constituent to the CO; gas constituent. For example, in one implementation, the source (of

source/detector unit 510) may be configured to pass a beam of EM radiation through exhaust
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plume 12 (present in optical measurement path 500) of vehicle 14 as vehicle 14 passes
through gathering structure 20. The beam may be directed by transfer optics 520 back to the
detector (or detector array) of source/detector unit 510. One or more filters (not illustrated)
may be associated with the detector array to the enable detector array to determine the
intensity of EM radiation having a particular wavelength or range of wavelengths. The
wavelengths may be selected to correspond to wavelengths absorbed by molecular species of
interest in an exhaust plume (e.g., hydrocarbons (HC), carbon monoxide (CO), carbon dioxide
(CO;) and nitrogen oxides (NOy) such as NO and NO,). One or more detector output voltages
represent the intensity of the EM radiation measured by that detector.

J0107] These voltages are then input to computer 26. Computer 26 may calculate the
difference between the known intensity of the source and the intensity detected by the
detectors to determine the amount of absorption by the particular molecular species (based
on predetermined wavelengths associated with that species). Based on the measured
absorption(s), the number of molecules in the measurement path of one or more molecular
species in the emissions may be determined in a known manner.

J0108] Calibration of the RES system may be enabled by a calibration cell (not illustrated), or
through puff calibration (via a calibration gas canister), as known in the art.

[0109] As noted above, the RES system may be used independently, or in addition to the
extractive sampling system (e.g., collector 18, gathering structure 20, flow generator 22,
component detection system 24, etc.) described in detail above.

J0110] For example, in one implementation, gaseous pollutants in vehicle exhaust emissions
may be monitored optically (via the RES system) while various parameters of smoke, such as
black carbon content or size distribution, may be monitored using the extractive sampling
system. Of course, in one implementation, smoke may be measured optically via the RES
system as described in, for example, U.S. Patent No. 6,701,056, which is hereby incorporated
herein by reference in its entirety.

J0111] In an alternative implementation, similar measurements may be made by both the RES

system and the extractive sampling system for data validation or comparison purposes.
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J0112] Other implementations, uses and advantages of the invention will be apparent to
those skilled in the art from consideration of the specification and practice of the invention
disclosed herein. The specification should be considered exemplary only, and the scope of the

invention is accordingly intended to be limited only by the following claims.
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CLAIMS

What is claimed is:

1. A system configured to be positioned at a site along a roadway, and to determine the
concentration of one or more constituents present in a sample of exhaust emissions emitted
by a vehicle traveling on the roadway from a first location on the roadway to a second location
on the roadway, the system comprising:

a component detection system configured to determine the concentration of one or
more constituents present in vehicle exhaust emissions;

a collector operatively coupled to the component detection system, wherein the
collector is positioned above the surface of the roadway and has one or more openings for
receiving the exhaust emissions of the vehicle to be analyzed by the component detection
system;

a gathering structure having one or more surfaces positioned to direct the exhaust
emissions of the vehicle to be analyzed by the component detection system to the one or
more openings of the collector prior to measurement by the component detection system;

wherein the component detection system is configured to receive a sample of the
exhaust emissions of the vehicle via the collector, and to determine the concentration of one
or more constituents present in the sample of exhaust emissions; and

wherein the collector is configured such that collection times for exhaust emissions
emitted by the vehicle to be conveyed through the collector to the component detection
system vary as a function of position of the one or more openings of the collector along the
roadway between the first location and the second location to aggregate the exhaust

emissions for detection within the component detection system.

2. The system of claim 1, wherein the roadway comprises a test lane.

3. The system of claim 1, wherein the gathering structure comprises a roof that is
supported above the surface of the roadway by one or more supports such that the vehicle

can pass under the roof while traveling along the roadway.
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4, The system of claim 1, wherein the roadway comprises a single vehicle travel lane, and

wherein the roof of the gathering structure covers the single vehicle travel lane.

5. The system of claim 1, wherein the collector comprises:

an extraction portion which runs parallel to a direction of travel of the roadway, with
the one or more openings being formed therein; and

a delivery portion configured to convey exhaust emissions extracted by the extraction
portion through the one or more openings toward the component detection system, wherein
the location at which the delivery portion interfaces with the extraction portion facilitates

aggregation of the exhaust emissions at the interface.

6. The system of claim 5, wherein the extraction portion interfaces with the delivery

portion at or near an end of the extraction portion that is located nearest the second location.

7. The system of claim 5, wherein the extraction portion comprises a perforated lumen.

8. The system of claim 7, wherein one or more of a size, shape, or distribution of the
perforations permit freer flow into the extraction portion of the collector for locations that are

closer to the first location.

9. The system of claim 1, wherein the collector is fastened to an underside of the roof of
the gathering structure such that the one or more openings of the collector face the surface of

the roadway.

10. The system of claim 1, wherein the gathering structure further comprises:

a roof that is supported above the surface of the roadway by one or more supports
such that the vehicle can pass under the roof while traveling along the roadway; and

an apron that extends from the roof toward the surface of the roadway on a first side
of the roadway, and further extends parallel to a direction of travel on the roadway, wherein

the apron is configured to direct exhaust emissions, emitted by a vehicle outward in a
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direction toward the first side of the roadway, toward the one or more openings of the

collector.

11. A method of determining the concentration of one or more constituents presentin a
sample of exhaust emissions emitted by a vehicle traveling on a roadway from a first location
to a second location, the method comprising:

directing the exhaust emissions of the vehicle to be analyzed by a component
detection system to one or more openings of a collector, prior to measurement by the
component detection system, via one or more surfaces of a gathering structure, wherein the
collector is positioned above the surface of the roadway;

drawing exhaust emissions received in the one or more openings of the collector to the
component detection system via suction, wherein the collector is configured such that
collection times for exhaust emissions drawn through the one or more openings of the
collector to the component detection system vary as a function of position of the one or more
openings of the collector along the roadway between the first location and the second

location to aggregate the exhaust emissions for detection within the component detection

system.
12. The method of claim 11, wherein the roadway comprises a test lane.
13. The method of claim 11, wherein the gathering structure comprises a roof that is

supported above the surface of the roadway by one or more supports such that the vehicle

can pass under the roof while traveling along the roadway.

14. The system of claim 11, wherein the roadway comprises a single vehicle travel lane,

and wherein the roof of the gathering structure covers the single vehicle travel lane.

15. The method of claim 11, wherein the collector comprises:
an extraction portion which runs parallel to a direction of travel of the roadway,
with the one or more openings being formed therein; and

a delivery portion configured to convey exhaust emissions extracted by the
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extraction portion through the one or more openings toward the component detection
system, wherein the location at which the delivery portion interfaces with the extraction

portion facilitates aggregation of the exhaust emissions at the interface.

16. The method of claim 15, wherein the extraction portion interfaces with the delivery

portion at or near an end of the extraction portion that is located nearest the second location.

17. The method of claim 15, wherein the extraction portion comprises a perforated lumen.

18. The method of claim 17, wherein one or more of a size, shape, and/or distribution of
the perforations permit freer flow into the extraction portion for locations that are closer to

the first location.

19. The method of claim 11, wherein the collector is fastened to an underside of the roof
of the gathering structure such that the one or more openings of the collector face the surface

of the roadway.

20. The method of claim 11, wherein the gathering structure further comprises a roof that
is supported above the surface of the roadway by one or more supports such that the vehicle
can pass under the roof while traveling along the roadway; and an apron that extends from
the roof toward the surface of the roadway on a first side of the roadway, and further extends
parallel to a direction of travel on the roadway, wherein the apron is configured to direct
exhaust emissions, emitted by a vehicle outward in a direction toward the first side of the

roadway, toward the one or more openings of the collector.

21. A system configured to be positioned at a site along a roadway, and to determine the
concentration of one or more constituents present in a sample of exhaust emissions emitted
by a vehicle traveling on the roadway, the system comprising:

a gathering structure having a first end, a second end, and a roof having a length that
extends from the first end of the gathering structure to the second of the gathering structure

in a direction substantially parallel to a direction of travel of the roadway, wherein the roof of
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the gathering structure is supported above the surface of the roadway by one or more
supports and pools exhaust emissions emitted by the vehicle as the vehicle passes under the
roof while traveling on the roadway;

at least one radiation source disposed on a underside of the roof of the gathering
structure proximate to the first end of the gathering structure, the radiation source configured
to emit a radiation beam along an optical measurement path, wherein the optical
measurement path extends in a direction substantially parallel to a direction of travel of the
roadway and along an underside of the roof so as to pass through the exhaust emissions of
the vehicle pooled by the gathering structure;

at least one radiation detector configured to receive the radiation beam and generate
at least one signal indicative of the radiation absorption of first and second vehicle exhaust
constituents in first and second wavelength bands; and

a computer configured to receive the at least one signal and calculate a ratio of the
radiation absorption of the first vehicle exhaust constituent to the radiation absorption of the

second vehicle exhaust constituent.

22. The system of claim 21, wherein the at least one radiation detector is disposed on a
underside of the roof of the gathering structure proximate to the second end of the gathering
structure such that the radiation beam makes a single pass along the optical measurement
path from the at least one radiation source, through the exhaust emissions of the vehicle

pooled by the gathering structure, to the at least one radiation detector.

23. The system of claim 21, wherein the at least one radiation detector is disposed on a
underside of the roof of the gathering structure proximate to the first end of the gathering
structure and adjacent to the at least one radiation source, the system further comprising:

optics disposed on a underside of the roof of the gathering structure proximate to the
second end of the gathering structure, the optics configured to reflect the radiation beam
emitted by the at least one radiation source back along the optical measurement path to the
at least one radiation detector such that the radiation beam makes at least two passes

through the exhaust emissions of the vehicle pooled by the gathering structure.
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24. The system of claim 21, wherein the first vehicle exhaust constituent comprises one of
CO, HC, or NO.
25. The system of claim 21, wherein the second vehicle exhaust constituent comprises

carbon dioxide (CO;).
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