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METHOD AND APPARATUS FOR CONTROLLING A GAS-EMITTING
PROCESS AND RELATED DEVICES

Field of the Invention

This invention relates to methods and
apparatus for controlling a process that emits a multi-
component mixture of gases, or a device to which a
product of a chemical reaction that emits a multi-
component mixture of gases 1s transmitted. In
particular, 1t relates to the use of information
concerning the composition of the gases emitted by the

chemical reaction for the purpose of such control.

Technical Background

There are many examples of a process that
emlits a multi-component mixture of gases. One such
process, combustion 1n an internal combustion engine,
1s a chemical reaction that has substantial practical
importance and has consequently been studied in detail.
The combustion that occurs within the cylinder of an
engine 1s a chemical reaction in which a hydrocarbon
fuel 1s oxidized. A multi-component mixXxture of gases
is emlitted by this reaction in the form of the engine
exhaust. The products of this reaction, however,
include not only the exhaust gases themselves but also
the work done 1n moving the piston in the cylinder.
Various components of an engine, including the
emissions control devices, thus each acts as a device
to which a product of the chemical reaction is
transmitted. Although combustion of a hydrocarbon
fuel 1s a relatively simple type of chemical reaction,
the manner 1n which the force of the gases produced by
that reaction expand against a piston to power an
engine and all of its associated components is more

complicated and requires control. In the case of a

PCT/US03/10417
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modern automotive engine, control 1s accomplished by
digital processing computers in an engine control unit
(“"ECU”) that rely on inputs from a variety of sensors

and actuators.

The underlying objective of the ECU is to
provide performance that optimizes fuel efficiency,
drivability and reduction of harmful emissions.
Signals concerning the state or condition of various
operating characteristics of the engine are fed to the
ECU. Typical engine operating characteristics as to
which signals are inputted to the ECU are throttle
position, intake manifold pressure, 1intake airflow,
crank position, engine torque and air-to-fuel ratio
(referred to as “lambda”) wvalue. Engine operating
characteristics that may be adjusted for control in
view of such inputs include fuel injection timing,
spark advance, alr-to-fuel ratio, exhaust gas recycle
(“EGR”) and 1dle air control motor. Although an
engine 18 essentially a chemical plant oxidizing fuel
with alr into water, carbon dioxide and othexr chemical
speciles, the only sensor currently capable of providing
any information about the chemical status of the
combustion process 1s the lambda sensor, which 1is
limited to inferring a value for the air-to-fuel ratio
of the engine based on measurements made 1in the stream

of exhaust gases.

Much work has been done to develop
relationships between the signals inputted to an ECU,
and the operating characteristics that are thereby
controlled, to optimize engine performance. This work
1s based on theoretical models of the combustion
process, engine dynamics and other power train
components. See, for example, Arsie, Plianese and
Rizzo, Models for the Prediction of Performance and
Emissions 1n a Spark Ingnition Engine - A Sequentially

Structured Approach, SAE Paper 980779, 1998. Heywood,
2
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J. B., Internal Combustion Engine Fundamentals, McGraw
Hill (1988). Pulkrabek, W. W., Engineering
Fundamentals of the Internal Combustion Engine,
Prentice Hall (1997). These models attempt to predict
both the engine operating characteristics and the
chemical components of the exhaust stream, but they
tend to be quite complex and yilield only approximate
results. For this reason, an empirical system of

control has been adopted that uses engine mapping.

Calibrating engine operation, eilther with or
without an attached transmission, creates a map, which
records empilirically-observed relationships between one
or more operating characteristics as to which
information is gathered and inputted to the ECU, and
one or more operating characteristics that are adjusted
in view of the inputted information. For example,
Fig. 4 shows a map relating speed to load to
measurements concerning the presence of nitrogen oxides
(NOx) 1n the engine exhaust. It may be seen how
moving along the surface defined by the map can move an
engine from one operating state to another. In doing
so, the value of at least one of the parameters may be

held constant, i1f desired.

In current engine design technology, a map
that includes engine exhaust gases is commonly used to
estimate the emission of pollutants over a wide range
of conditions. The assumption is made that the map
obtained during original calibration 1s either stable
or undergoes predictable change, in which case adaptive
algorithms are used to estimate the model change. By
using the relationship between input signals,
controlled operating characteristics, and the mapped
emission levels, engines have been operated on the
assumption that the predicted relationship between
mechanical performance and exhaust content 1s accurate,

and thus that emission control of a desired nature
3
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results from control of the same operating
characteristics that control mechanical performance of

the engine.

It has been found, however, that control
systems using engine mapping provide control only as
good as the input signals and the validity of the map.
As engines wear, sensors lose calibration, fuel
compositions change, and the assumption made that the
fundamental combustion process and the content of the
exhaust stream remain stable becomes invalid.
Precision analyvtical equipment that could provide a
complete analysis of the engine exhaust gasses, and
that could provide information that remains accurate
during service of the engine in real time, 1s not
practical for use for such purpose except during the

original calibration of a map in a laboratory.

These deficiencies are particularly acute

with respect to a map that incorporates lambda, the

air-to-fuel ratio, as an input. There are two common
types of lambda sensors: step-change lambda sensors
and wide-range lambda sensors. The step-change lambda

sensor 1s based on a zirconia concentration cell and
operates between A = 0.95 and A = 1.05. This sensor
is used for air/fuel ratio control in engines that
operate around stoichiometry (A = 1). It 1s desirable
to operate at A = 1 because the catalytic converter
operates best with a stoichiometric mixture. The
wide-range lambda sensor operates over a much wider
range of lambda, and i1t enables the closed-loop control
of lean-burn engines. Running lean (oxygen-rich) 1is

important to ensure that all of the fuel i1s combusted.

A lambda sensor such as described above
generates a single signal that indicates whether the
exhaust gas 1s rich or lean (and i1n the case of the

wlde-range sensor, indicates to what extent rich or
4
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lean) . This single signal is derived from a composite
of all gases in the exhaust stream, reflecting the
ratio of oxidizing to reducing gases therein. This
type of lambda sensor is not capable of providing
detalled information about the gas composition of an
exhaust stream, and a lambda value derived from this
sensor is not an indication of a unigue gas
composition. Different combinations of gases can
produce the same lambda value. This type of lambda
sensor 1s sometimes also referred to as an oxygen
sensor because oxygen diffuses readily through the
zlrconia cell, but this sensor does not furnish any

information about the individual concentration of

oxygen as an 1individual component within a stream of
exhaust gas. Even when a metal oxide film that has a
high diffusion coefficient for oxygen 1s used as a
lambda sensor, the resulting lambda value does not
furnish useful i1nformation about the i1ndividual
concentration of oxygen as an individual component
within a stream of exhaust gas because the cross-
sensitivity of the metal oxide film requires that
assumptions be made about the extent to which other
components may be present in the exhaust stream, or
about the conditions under which combustion has

occurred.

A lambda sensor may also be used 1in the
monitoring and control of a nitrogen oxide (NOy)
absorber i1n a lean-burn engine. As described, for
example, 1n U.S. Patent 6,216,448, an oxygen deficiency
in the exhaust gas downstream of a two part catalytic
converter, which contains an upstream conventional
oxygen storage section and a downstream NO, storage
section, only occurs when the oxygen-storage locations
as well as the nitrous oxide storage locations in the
NOx storage catalytic converter are empty. These
locations are emptied by the passage through them of a

rich mixture. The time difference in the response of
S
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upstream and downstream sensors to the rich exhaust
mixture is used as a measure of the NO, storage
capacity. This is not, however, a measurement of NOy

content in the exhaust gas stream.

It would therefore be desirable to have
methods and apparatus for controlling a process (such
as a chemical reaction) that emits a multi-component
mixture of gases, or a device (such as an internal
combustion engine) to which 1s transmitted a product of
a chemical reaction that emits a multi-component
mixture of gases. These methods and apparatus receive
as an input, and optionally utilize in a map,
information about the individual concentration within
the emitted gas stream of one or more individual

component gases, or subgroups of gases, therein.

Summary of the Invention

One embodiment of this invention i1is a method
for controlling a process that emits a multi-component
mixture of gases by (a) providing one or more signals,
each of which is related to the 1ndividual
concentration within the emitted gas mixture of the
same individual component gas therein, and/or the
collective concentration therein of a subgroup of
gases; (b) inputting the signal(s) to a decision-making
routine for controlling the process; and (c¢) outputting
a signal from the decision-making routine for adjusting

an operating characteristic of the process.

A further embodiment of this invention 1is a
method for controlling a process that emits a multi-
component mixture of gases by (a) providing a decision-
making routine or a map for controlling the process;

(b) providing information about the composition of the
emitted gas mixture to the decision-making routine or

the map from an array of chemo/electro-active
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operating characteristic of the process.

Another embodiment of this invention is a
method for controlling a process that emits a multi-
component mixture of gases by (a) providing a decision-
making routine, for controlling the process, to which
information is inputted from a map that relates (1)
information about an operating characteristic of the
process, to (ii) information about the composition of
the emitted gas mixture; and (b) providing the
information about the composition of the emitted gas
mixture to the map on the occasion of making the

decision.

Yet another embodiment of this invention is
an apparatus for controlling a process that emits a
multi-component mixture of gases including (a) a
decision-making routine, for controlling the process,
to which information is inputted from a map, and (b) a
map that relates (i) information about the composition
of the emitted gas mixture, which information 1s
undetermined until the occasion of making the decision,
to (ii) information about an operating characteristic

of the process.

Yet another embodiment of this invention, 1n
a chemical reaction that emits a multi-component
mixture of gases, is a method of controlling the
operation of a device to which a product of the
chemical reaction is transmitted by (a) providing one
or more signals, each of which 1s related to the
individual concentration within the emitted gas mixture
of the same individual component gas therein, and/or
the collective concentration therein of a subgroup of
gases; (b) inputting the signals to a decision-making
routine for controlling the operation of the device;

and (c) outputting a signal from the decision-making
7
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routine for adjusting an operating characteristic of

the device.

Yet another embodiment of this invention, in
a chemical reaction that emits a multi-component
mixture of gases, is a method of controlling the
operation of a device to which a product of the
chemical reaction 1is transmitted, comprising (a)
providing a decision-making routine or a map for
controlling the device; (b) providing information about
the composition of the emitted gas mixture to the
decision-making routine or the map from an array of
chemo/electro-active materials; and (c¢) providing an
output for adjusting an operating characteristic of the

device.

Yet another embodiment of this i1nvention, 1n
a chemical reaction that emits a multi-component
mixture of gases, 1s a method of controlling the
operation of a device to which a product of the
chemical reaction is transmitted by (a) providing a
decision-making routine, for controlling the device, to
which information 1s inputted from a map that relates
(1) information about an operating characteristic, to
(11) information about the composition of the emitted
gas mixture; and (b) providing the information about
the composition of the emitted gas mixture to the map

on the occasion of making the decision.

Yet another embodiment of this invention, in
a chemical reaction that emits a multi-component
mixture of gas, 1s an apparatus for controlling the
operation of a device to which a product of the
chemical reaction 1s transmitted including (a) a
decision-making routine, for controlling the device, to
which i1nformation is inputted from a map, and (b) a map
that relates (1) information about the composition of

the emitted gas mixture, which information 1is

3
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undetermined until the occasion of making the decision,
to (ii) information about an operating characteristic
of the device. Another embodiment of this invention
is the device itself, to which a product of the
chemical reaction 1s transmitted, containing a

controlling apparatus as described above.

The methods and apparatus of this invention
have the ability to advantageously utilize information
related to the concentration in a gas mixture of a
component gas or a subgroup of gases because the
information can, if desired, be (i) related to one or
any number of a diverse population of gases, and/or
(ii) used to calculate the actual concentration within
the mixture of one or more of the individual components
and/or subgroups of gases therein. Information of
such extensive amount and quality can in turn be
employed in a map and/or decision-making routine to
adjust an operating characteristic of a process or a

device.

Description of the Drawings

Figure 1 depicts an array of chemo/electro-

active materials.

Figure 2 1s a schematic of the pattern of
interdigitated electrodes overlaid wilith a dielectric
overlayer, forming sixteen blank wells, in an array of

chemo/electro-active materials.

Figure 3 depicts the electrode pattern,
dielectric pattern, and sensor material pattern in an

array of chemo/electro-active materials.

Figure 4 is an illustration of a map that
relates speed to load to measurements concerning the

presence of nitrogen oxides (NOy) .
9
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Figure 5 is a diagram of the flow of signals
into and out of the central processing unit of an

engine control unit.

Figure 6 is a cut-away drawing of a cylinder
and associated components of an internal combustion

engine.

Figure 7 is a schematic layout of an internal
combustion engine showing the placement therein of an

array of gas sensors.
Figure 8 1is a schematic layout of an i1nternal
combustion engine showing the placement therein of an

array of gas sensors.

Detailed Description of the Invention

One example of the manner in which the
methods and apparatus of this invention can be used to
control a process such as a chemical reaction 1s in the
control of an internal combustion engine, or components

or equipment associated therewith.

The operation of an internal combustion
engine 1s typically controlled by an ECU. Fig. 5
shows 1in the form of a block diagram the interior
construction of an ECU 2. A central processing unit,
such as a microprocessor, ("CPU") 4 1s connected, by
way of a data bus 6, an address bus 8 and a control bus
10, to (1) a random access memory ("RAM") 12 for
temporarily storing results of calculations within the
CPU 4; (ii) a read-only memory ("ROM") 14 for storing
a control program to be executed within the CPU 4 and a
map; (i1ii) an input counter 16; (1iv) an analog to
digital (A/D) converter 18; and (v) an input/output
port 20, for giving and receiving of input data and

output data between the CPU 4 and the RAM 12, through
10
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the above buses. The CPU 4 performs data
communication and data arithmetic operations between
the ROM 14, the RAM 12 and the I/0 unit 20. The ROM
14 has permanently stored therein fixed data and
control programs useful in the arithmetic operations,
and the RAM 12 functions to temporarily store the
values obtained by the arithmetic operations. Signals
are inputted from sensors 17 to signal processing

circuit 19, and from there into A/D converter 18.

To control the operation of the engine, the
CPU performs a multitude of decision-making routines
about various operating characteristics of the engine.
The CPU gathers information from sensors about the
state or condition of various operating
characteristics, and inputs that information to a
decision-making routine. The decision-makling routine
applies one or more algorithms and/or mathematical
operations to that information to obtain a decision 1in
the form of a value that 1i1s equivalent to a desired
state or condition that should be possessed by a
particular operating characteristic. Based on the
result of a decision-making routine, 1instructions are
given by the CPU, or are controlled by the CPU, that
cause a change in the state or condition of one or more
operating characteristics, and thus also cause a change

in the operation of the engine.

Operating characteristics about which
information may be inputed to the CPU may 1nclude, for
example, one or more of: battery voltage, atmospheric
pressure, intake pipe negative pressure, 1ntake air
temperature, engine cooling water temperature, engine
speed, engine torque, valve 1lift, throttle valve
opening, spark advance, on-off position of the ignition
or starter switch, ignition advance angle, exhaust gas
recirculation (“EGR”) valve opening, ratio of air to

fuel supplied to the engine, and exhaust gas content.
11
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Information about these characteristics is fed to the
CPU from sensors and detectors capable of measuring the
mechanical and/or physical properties representative of

each characteristic.

Decisions made by the decision-making routine
accessed by the CPU can be used to control the chemical
reaction of combustion by, for example, adjusting the
amount of fuel, and thus the air to fuel ratio, as
supplied to a cylinder. A basic system to control the
ratio of air to fuel as supplied to the engine is shown
in Fig. 6. Shown there is an engine, including a
cylinder 22 having a cylinder head 24 attached to the
top end of the cylinder 22. In the cylinder 22, there
is a piston 26 that reciprocates axially and defines
with the cylinder 22 and the cylinder head 24 a
combustion chamber 28 of variable wvolume. The
cylinder head 24 is formed with an intake port 30 and
an exhaust port 32, which are associated with an intake
valve 34 and an exhaust valve 36, respectively. The
intake port 30 is connected with an intake passage 38
whereas the exhaust port 32 1s connected with an

exhaust passage 40.

In the intake passage 38, there 1s provided a
fuel injection valve 42 located in the wvicinity of the
intake port 30. The intake passage 38 further has a
throttle valve 44 and an air-flow detector 46, which 1is
located upstream of the throttle wvalve 44. At the
upstream end of the intake passage 38, there is an air
cleaner 48. In the exhaust passage 40, there 1s an
air/fuel ratio (lambda) detector 50. Further, the
exhaust passage 40 is provided with a catalytic device
52 of a type as known in the art. The engine 1is
further provided with a sensor 54, such as an engine

speed detector.

12
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The fuel injection valve 42 is connected with
a fuel supply source (not shown) and supplied with fuel
under a controlled pressure. The valve 42 may be of
the duty factor solenoid type in which the gquantity of
fuel injected through the valve 42 1s determined by the
duty factor of electric pulses applied to the valve 42.
The CPU 4 actuates the valve 42 to control the quantity
of fuel supplied to the engine, which 1s a parameter of

the chemical reaction embodied in combustion.

The CPU 4 is connected with the outputs of
sensors and detectors, preferably those that supply
information about the compositional content of the
exhaust gases, applies the decision-making routine to
those outputs, and in turn produces output pulses that
are routed to the fuel injection valve 42. The CPU 4
functions to calculate the quantity of fuel to be
supplied to the engine on the basis of the engine
operating condition as detected by wvarious sensors and
detectors so that a desired air-fuel ratio 1s
established. For example, 1in a normal engine
operating condition, 1t 1is preferred to maintain the
stoichiometric air-fuel ratio, and the CPU 4 will 1in
such case produce a basic fuel quantity signal which
corresponds to the fuel quantity required for providing
an air-fuel mixture of the stoichiometric ratio. The
reaction of combustion may also be controlled by
adjusting the amount of oxygen (or oxygen source such
as air) fed to the cylinder, or adjusting the spark
advance 1n relation to information about the

compositional content of the exhaust gases.

Of equal i1mportance 1s the use of the methods
and apparatus of this invention to control a device to
which a product of a chemical reaction 1s transmitted.
In the case of the combustion reaction in an engine,
the exhaust gas stream itself is a product of the

reaction, and it is transmitted to various devices such
13
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as the exhaust gas recirculation system or a pollution
abatement device such as a catalytic converter and/or a
device for the storage or abatement (reduction) of NOx.
Information about the compositional content of the
exhaust stream can be inputted from sensors and
detectors to the ECU, which can utilize that
information in a decision-making routine to output
signals that control, for example, the settings on an
exhaust recirculation valve, the extent of i1injection
into an SCR catalytic converter of a reducing agent, or
the regeneration of a NOx catalyst when contaminated
with sulfur. Typical exhaust gases 1nclude oxygen,
carbon monoxide, hydrogen, sulfur dioxide, ammonia,

CO>, H,S, methanol, water, a hydrocarbon (such as
CnH2ni2, and as same may be saturated or unsaturated, or
be optionally substituted with hetero atoms; and cyclic
and aromatic analogs thereof), a nitrogen oxide (such
as NO, NO,, N,O or N,0,) or an oxygenated carbon (CO,

CO, or Cg05) . In certain embodiments, gases of
interest may include one or more of NOy, hydrocarbons
and ammonia. In certain other embodiments, however,
it may be desired that the methods and apparatus not
provide any signals, measurements, i1nformation or

analysis with respect to oxygen.

Another product of the chemical reaction of
combustion 1n an engine 1s the force generated by the
reaction to do the work of moving the piston. The
engine components that are powered by transmitting to
them the forces produced by the chemical reaction of
combustion can also be controlled by the ECU by
instructions to adjust operating characteristics such

as torque or engine speed.

In performing a decision-making routine, such
as control of fuel supply as described above, the CPU
may, and preferably does, employ a map. A map resides

in the ROM 14, and is an electronic collection of
14
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information about various parameters of a chemical
reaction, or information about various operating
characteristics of a device to which a product or a
reaction is transmitted, such as an engine. In one
embodiment, a range of quantified values may be set
forth within the map with respect to a particular
parameter or characteristic. This could be, for
example, a range of temperature between 350 and 750°C,
divided into 25°C increments. With respect to each
individual value of the parameter or operating
characteristic in the range set forth, the map may then
associate an acceptable value for one or more other
parameters or operating characteristics, or a factor to
be used in a decision-making routine. A map can be
established in the form of a relational database, and
can be accessed by look-up instructions 1n a computer

program.

In the performance of a decision-making
routine to control the operation of an engine, a value,
such as the size of an electrical signal, that 1is
representative of the state or condition of operating
characteristic A may be inputed to the CPU. In one
example of how the signal can then be utilized by a
decision-making routine, the CPU determines a value
representative of the state or condition each of
operating characteristics B and C, and reads the map to
determine, in view of the values for B and C, a target
value D for operating characteristic A. The target
value could be a preselected value that is recorded 1in
the map as such, or could be a value that 1s calculated
by the CPU by a mathematical operation recorded 1in the
map, with the calculation to specify D being made only
on the occasion when the values for B and C are
determined. For example, a determination may be made
of the absolute value of the difference between A and
B, and this absolute wvalue, when added to C, becomes

the target wvalue D.
15
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The value of operating characteristic A is
compared to target value D, and 1f A is in a desired
relationship to D, the CPU does not instruct the engine
to make any adjustment in its operation. If A is not
in a desired relationship to D, the decision-making
process could, in further alternative embodiments, read
the map to determine a desired value or range of values
for A in terms of values for operating characteristics
E and F; or calculate a desired value for A by reading
the map to determine coefficients to be used in
performing a mathematical operation on E and F. The
values for E and F could be determined at the time of
making the decision, or could be preselected values
stored 1n the map. In either case, once the desired
value for A is determined, the CPU instructs the
necessary operating characteristics of the engine to be
adjusted in the manner necessary to obtain the desired
value for A. This may be done by adjusting operating
characteristic A itself, or adjusting other operating
characteristics that can influence the state or

condition of A.

In like manner, a chemical reaction may be
controlled by a decision-making routine that receives
inputs, preferably from a map, and generates outputs in
view of such inputs to adjust one or more parameters of

the reaction.

In this invention, information about the
compositional content of the gas emitted by a chemical
reaction, such as the exhaust gas of an engine, 1s used
as an i1nput to a decision-making process that controls
the chemical reaction, or controls the operation of a
device to which a product of the reaction has been
transmitted. In the example described above,
information about the exhaust gas of the engine could

be used as the representative value that 1s inputed
16
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with respect to any one or more of operating
characteristics A, B, C, E or F, or could be used as a
coefficient in a operation that the decision-making
routine causes to be performed. Information about the
gas composition i1s inputed to the decision-making
routine, in this invention, in the form of one or more
signals that is or are related to the individual
concentration within the emitted gas stream of a
particular individual component gas therein, or a
particular subgroup of some but not all of the
component gases therein, or both individual
component (s) and subgroup(s) . The relationship may be
a mathematical relationship, such as a monotonic
relationship, involving for example a log, inverse or
scaled value. This 1s accomplished by exposing an
array of chemo/electro-active materials to the emitted
gas stream to generate a signal that may be, for

example, an electrical or optical signal.

For example, in a method for controlling a
process that emits a multi-component mixture of gases,
Or 1n a chemical reaction that emits a multi-component
mixture of gases where there i1s a method of controlling
the operation of a device to which a product of the
chemical reaction 1s transmitted, i1t is possible to
provide one or more signals, such as first and second
signals, each of which 1i1s related to (1) the individual
concentration within the emitted gas mixture of the
same 1ndividual component gas, such as first and second
individual component gases, and/or (ii) the collective
concentration within the emitted gas mixture of a
subgroup of the component gases therein. The signal
or signals are then inputted into a decision-making
routine for controlling the process; and a signal is
outputted from the decision-making routine for
adjusting an operating characteristic of the process or
device. The number of signals, 1f more than one, may

be any desired number such as 2 or more, 4 or more, 6
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Or more, 8 or more, 10 or more oOor 12 Or more. In a
preferred embodiment, the signal is proportional to the
resistance of a chemo/elelctro-active material that has
been exposed to the gas mixture. Although this signal
may be subjected to operations such as 1nversion,
scaling or log function, the signal 1s preferably
utilized without any computation involving
coefficients, factors or other values, such as 1n an

algorithm.

The ability to furnish information about the
individual concentration within an emitted gas stream
of a particular component gas or subgroup therein makes
it possible to calibrate a map. When building a map
before a reaction or device to be controlled is put
into service, values representative of a variety of
parameters or operating characteristics must be
determined by systematically operating the reaction or
device under a large enough sample of different
conditions to approximate all the conditions expected
in actual service. An array of chemo/electro-active
materials can be used to analyze the composition of the
emitted gas stream to furnish information based on the
concentration of individual components or subgroups
therein to be recorded in the map in relation to values
of other parameters or operating characteristics

measured under the same operating conditions.

If desired, however, this ability to furnish
information related to the concentration of individual
components or subgroups in an emitted gas stream can be
used to calibrate or re-calibrate a map in real time
while the reaction or device is 1n service. For
example, a relationship could be established in a map
between a value representative of the concentration of
an individual gas component or subgroup, and values
representative of various parameters or operating

characteristics, with the value for the gas
18
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concentration to be supplied 1n real time. This might
take the form of a decision-making routine involving a
mathematical operation in which a value representative
of the concentration of an individual gas component or
subgroup 1s used as a factor or coefficient. The
value representative of the concentration of an
individual gas component or subgroup could remain
undetermined until the time that the mathematical
operation is performed in the execution of the
decision-making routine to make the decision. The
value representative of the concentration of an
individual gas component or subgroup 1s determined and
supplied to the decision-making routine only on the
occasion of making the decision, and the decision thus
need not be made based on 1nformation that may not be
currently accurate at the time the decision 1s made.

A map 1in whilich one or more parameters or operating
characteristics 1s related to i1nformation about the
concentration of an individual gas component or
subgroup, with the information about the gas
concentration being furnished in real time while a
reaction or device 1s 1n service, clearly then has
substantial value because 1t i1is possible to essentially

recalibrate the map continually in real time.

In this invention, information about an
emitted gas composition may be supplied to a map from
an apparatus employing one or more chemo/electro-active
materials that furnishes an analysis of the emitted gas
stream. Responses generated by the apparatus are then
typically used wilithout manipulation as inputs to a map,
optionally along with the input from other sensors, and
are matched or compared by the map to previously stored
values that are representative of various different
conditions of operation. In alternative embodiments,
however, the values may be subjected to the

manipulation by an algorithm to further refine the
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control of a reaction, or of a device to which a

product of the reaction has been transmitted.

In the case again of an engine, there are
several ways in which an apparatus containing one or
more chemo/electro-active materials can be incorporated
into the operation of the ECU to control the combustion
reaction or the engine. The chemo/elctro-active
materials may be constructed as an array of sensors
that have sensitivity to individual gaseous components
or subgroups of gases in the exhaust stream. Such
sensors can be fabricated from semiconducting materials
that respond uniquely to individual gases or gas
subgroups that have common characteristics such as
similar oxidation potential, electronegativity, or
ability to form free radicals. These are properties
of interest when characterizing combustion. Typical
examples of a subgroup of gases within an exhaust
stream are the hydrocarbons or the nitrogen oxides.

The responses of an array of chemo/electro-active
materials to the multi-component mixture of gases
formed by a stream of exhaust can thus be used to
characterize the current status of the combustion

reaction 1n an englne.

Figs. 7 and 8 show several possible locations
of an array of sensor materials in an exhaust system.
The engine in Figs. 7 and 8 contains a mass airflow and
outside temperature sensor 60, an idle air valve 62, a
throttle position valve 64, an exhaust gas recycle
valve 66, an alr temperature sensor 68, a pressure
sensor 70, an air intake 72, an intake manifold 74,
fuel injectors 76, spark plugs 78, a crank position
sensor 80, a cam position sensor 82, a coolant
temperature sensor 84, a pre-catalytic converter 86, an
emissions control device (such as a catalytic converter
and/or a device for the storage or abatement of NO,)

90, and a temperature sensor 92. Fig. 7 shows three
20
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possible locations 94, 96, 98 for an array of
chemo/electro-active materials, which may be upstream
or downstream from the emissions control device. The
arrows indicate the locations where it would be
possible, if desired, to provide for the flow of
information to/from the ECU to/from one or more sensors
Or acctuators. Information gathered from an array of
chemo/electro-active materials and processed by the ECU
could be used, for example, to control the exhaust gas

recycle valve 66 or the fuel 1njectors 76.

An array 1n position 94 1s located close to
engine and responds directly to the exhaust from
individual cvylinders. Because of 1ts proximity and
fast response, the array in this location can be used
to control the operation of each individual cylinder.
An array in this location 1s exposed to very high
exhaust temperatures for which semiconducting sensor
materials are very suiltable. An array 1n position 96
1n Fi1g. 7 operates cooler and 1s exposed to gasses that
have already been modified in composition by the
precatalyst. However, the gas stream at thilis point
still contains much chemical information that can be
used by the ECU for engine control. This 1s also a
sultable location to employ feed-forward control by
using an array of sensor materials to control operation
of the catalytic converter, which catalyzes the
completion of the oxidation of unburned fuel.

Position 98 1s a location that can be used to monitor

engine emissions and the current state of the catalytic
converter. Based on information from an array at this
location, the catalytic converter can be regenerated or

otherwise controlled through feedback process control.

The emissions control device 90 may be a
device for the storage or abatement of NOx such as a
selective catalytic reduction (“SCR”) converter. When

an SCR converter 1s used to abate NOx, a reducing agent
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such as ammonia or urea is contacted with the NOx in
the gas stream, and the catalyzed reaction thereof
yvields nitrogen and water. Fig. 8 shows the
deployment of an array of sensors 1n a control system
using an SCR converter. Sensors 1n this arrangement
can be used either for feed-forward (position 104 or
106) or feedback (position 108) control. As the array
of sensors would be responsive to ammonia, the control
system can be used to detect and minimize the emission
of both nitrogen oxides and ammonia that pass unreacted
through the catalyst bed, the latter being a condition
known as ammonia slip. A reservolr 102 and pump 100
are provided for injection of the reducing agent 1into

the stream of flowing gas.

An internal combustion engine and 1ts
associated components and equipment, controlled by the
methods and apparatus of this invention, can be used
for many different purposes including, for example, as
a power source 1n any type of vehicle for
transportation or recreation such as a car, truck, bus,
locomotive, aircraft, spacecraft, boat, jet ski, all-
terrain vehicle or snowmobile; or in equipment for
construction, maintenance or 1ndustrial operations such
as pumps, lifts, hoilsts, cranes, generators, or
equipment for demolition, earth moving, digging,

drilling, mining or groundskeeping.

Although this invention has been described in
detail with respect to the control of an i1nternal
combustion engine, this invention 1s not limited
thereto, and may be readily used 1n a substantially
similar manner to control a device other than an engine
to which a reaction product 1s transmitted. Other
such devices include a steam boiler as used for example
in a furnace or for power generation. In some of
these devices, a reaction product of interest that 1s

transmitted to the device may be the energy that 1is
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released as heat by the exotherm inherent in the
burning of a fossil fuel such as coal or natural gas.
For example, the setting on a steam valve on a boiller
could be adjusted in view of information about the
compositional content of the gas mixture emitted by the
burner by which the boiler is heated. In a
cogeneration plant in which waste 1s incinerated, the
reaction product of interest may be the mixture of
gases emitted by the burning of fuels and/or wastes.
The mixture of gases 1s transmitted to a device such as
a scrubber in a stack, and the scrubbing device may be
controlled for pollution abatement in view of the
compositional content of the mixture of gases upstream

and/or downstream from the scrubber.

The methods and apparatus of this 1nvention
may also be used to control a gas-emitting process by
adjusting an operating characteristic thereof. A
particular kind of such process 1s a chemical reaction
that emits a multi-component mixture of gases. Such a
reaction may be controlled by adjusting, as the
operating characteristic, a parameter of the reaction.
The adjustment may be made in view of information about
the compositional content of the mixture of gases. As
noted above, the reaction of combustion can be
controlled by adjusting a parameter thereof such as the
amount of fuel supplied. For other kinds ot
reactions, parameters that may be adjusted include

reactant concentration as determined by rate

of reactant feed, rate of feed of a recycle stream
containing unreacted reactants, or routing the
recycle stream through, or bypassing, a
purification step before return to the reactor;

-

thermal conditions, as regulated by heat

transfer through a heat exchanger, or a change of
volume or pressure;
pressure regulation by adjustment of settings

on vents;
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catalytic conditions, as regulated by rate of
movement of a moving bed, or frequency of catalyst
regeneration;

residence time distribution, as regulated by
length of time in a batch vessel, or routing
through or bypassing optional sections of a pipe
reactor; or |

flow pattern in a reactor, as regulated by
rate of stirring, rate of pumparound, rate of
agitation by bubbles or liquid spray, or routing

through or bypassing in-line mixers.

Other illustrative chemical reactions that
may be controlled in view of information about the
compositional content of a mixtu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>