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Picture for a moment any major industrialized city in the
world on a hot summer day. Perhaps Los Angeles, Mexico
City, or London come to mind. Few residents can ignore the
ever-present signs of humankind that linger in the air, many
of which are directly attributable to the internal combustion
engine and the automobile. Carbon monoxide (CO), hydrocar-
bons (HC), nitrogen oxides (NO,), fine particles, and lead are
some of the compounds emitted by automobiles that foul the
air humans breathe.

In the United States, air pollution control measures to miti-
gate mobile source emissions in nonattainment areas (as de-
fined by the Clean Air Act) include inspection and maintenance
(I/M) programs, oxygenated fuel mandates, and transporta-
tion control measures. Nonetheless, many areas remain in
nonattainment past the 1987 deadline for compliance with
federal standards, and some are projected to remain in nonat-
tainment for many more years, despite the measures currently
undertaken. A major emphasis in controlling mobile source
emissions has centered around periodic testing for identifying
vehicles with excessive emissions.

Current federal and state governments employ a variety of
testing methods and protocols for certifying new and in-use ve-
hicle emissions. These range from the extremely comprehensive
new car certification test (the Federal Test Procedure), to which
all newly manufactured vehicles sold in the United States must
comply, to the more common one- or two-speed idle measure-
ments performed in many state I/M programs (1—4). The former
requires at least 12 hto complete and costs in excess of $700. The
later requires less than 15 min and costs around $10. Both tests
are designed as surrogates for evaluating the emissions of vehi-
cles under actual operating conditions. The limitations of each
type of testing have been hotly debated. A review of the Fed-
eral Motor Vehicle Control Program (5) outlined the following
criteria for an ideal test: it should evaluate the vehicle under
real-life conditions; be reproducible, accurate, quick, and inex-
pensive; and measure all pollutants of concern.

In 1987, with support from the Colorado Office of Energy
Conservation, the University of Denver developed an infrared
(IR) remote monitoring system for automobile carbon monox-
ide (CO) exhaust emissions (6). Significant fuel economy im-
provements result if rich-burning (high CO and HC emissions)
or misfiring (high HC emissions) vehicles are tuned to a more
stoichiometric and more efficient air:fuel (A:F) ratio. There-
fore, the University of Denver CO/HC remote sensor is named
Fuel Efficiency Automobile Test (FEAT). The basic instrument
measures the carbon monoxide:carbon dioxide ratio (CO:COs)
and the hydrocarbon:carbon dioxide ratio (HC:CO) in the ex-
haust of any vehicle passing through an IR light beam that is
transmitted across a single lane of roadway. Figure 1 shows a
schematic diagram of the instrument (7).

THEORY OF OPERATION

The FEAT instrument was designed to emulate the results
that would be obtained using a conventional nondispersive

































