7109306 A1 I 0O 0O A O

.

00

=
=

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

(19) World Intellectual Property Organization Vd”Ij

International Bureau

(43) International Publication Date
12 September 2008 (12.09.2008)

) IO O O O O 5O

(10) International Publication Number

WO 2008/109306 Al

(51) International Patent Classification:
FO02M 25/07 (2006.01) F02D 45/00 (2006.01)

(21) International Application Number:
PCT/US2008/055078

(22) International Filing Date:
27 February 2008 (27.02.2008)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
11/682,377 6 March 2007 (06.03.2007) US
(71) Applicant (for all designated States except US): GM
GLOBAL TECHNOLOGY OPERATIONS, INC.
[US/US]; 300 Renaissance Center, P.o. Box 300, Detroit,

MI 48265-3000 (US).

(72) Inventors: WANG, Yue-yun; 4826 Flower Hill Dr., Troy,
MI 48098 (US). HE, Yongsheng; 38209 Plumhollow
Drive, Sterling Heights MI 48312 (US).

(74) Agent: CARD, John, M.; Gm Global Technology Opera-
tions, Inc., Legal Staff/mc 482-¢23-b21, Po Box 300, De-
troit, MI 48265-3000 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA,
CH, 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,
1L, 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, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, 7M, 7ZW.

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

Published:
with international search report

(81)

(34)

(54) Title: METHOD AND APPARATUS FOR ESTIMATING
TION ENGINE

Tt
(o]
=
i
N

o {20 18 ( »

COOLER

30

52

EXHAUST TEMPERATURE OF AN INTERNAL COMBUS-

<70

OOCOCO0 =

COOLER
|_| EXHAUST
——— ) i AFTERTREAT-
EXHAUST \ 0 MENT EXHAUST
ENGINE 4 1
22

FiG. 1

26

(57) Abstract: The invention comprises a method and an article of manufacture to estimate exhaust gas temperature of an internal
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P combustion charge. A heat release of the combustion charge is estimated based thereon, and an exhaust gas temperature is estimated
based upon the estimated heat release. Exemplary parameters of the combustion charge comprise engine speed, mass air flowrate,

engine fueling and fuel injection timing, and, recirculated exhaust

gas fraction.
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METHOD AND APPARATUS FOR ESTIMATING EXHAUST TEMPERATURE OF

AN INTERNAL COMBUSTION ENGINE

TECHNICAL FIELD
[0001] This invention pertains generally to internal combustion engines, and

more specifically to determining an exhaust gas temperature thereof.

BACKGROUND OF THE INVENTION

[0002] The statements in this section merely provide background
information related to the present disclosure and may not constitute prior art.
[0003] Modern internal combustion engines are equipped with sophisticated
systems to monitor and control various aspects of engine performance during
ongoing operation, to meet operator demands for performance, including
torque and fuel economy, and to satisfy government regulations related to
emissions, safety, and fuel economy. Such systems include sensing devices
and actuators connected to one or more control modules which execute
computer programs to monitor and control engine operation during ongoing
operation.

[0004] Exhaust gas temperature is an important parameter used by engine
system designers. By way of illustration of a need for an accurate
determination of exhaust gas temperature, emissions requirements have led to
implementation of exhaust gas recirculation (EGR) systems combined with
aftertreatment systems to reduce engine emissions. Control of exhaust gas
recirculation requires an accurate determination of EGR mass flow. Such

methods include calculating EGR flow from a gas flow equation through an
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orifice, and, determining a difference between charge air mass flow and fresh
air mass flow. Such calculations use engine exhaust pressure as one of the
input variables. Some engine manufacturers have implemented an exhaust
pressure sensor to determine exhaust pressure, while others have considered
exhaust pressure estimation. A typical calculation of EGR flow is as follows,

in Eq. 1:

[0005] m, =C*A* Fo f(};i—m) (1]

JR*T, P,

[0006] wherein P.x comprises exhaust pressure, P;, comprises intake
manifold pressure, T.g is EGR gas temperature exiting from an EGR cooler; C
1s a discharge coefficient, and, A comprises valve affected area.
Determination of the exhaust pressure P, through estimation requires some
knowledge of exhaust gas temperature input to perform the estimation.

[0007] Furthermore, diagnostic regulations for diesel engines require
detection of fouling or plugging of an EGR gas cooler when it causes
increases in engine emissions. To monitor EGR cooler fouling, it often
requires knowledge of EGR gas temperatures into and out of the EGR cooler.
The EGR gas temperature into the EGR cooler is the exhaust gas temperature.
[0008] Exhaust gas temperature monitoring can be used to provide other
operations. These include a feedback control system for protecting exhaust
components, including a turbine for a turbocharged system. Exhaust gas
temperature monitoring can also be used in managing exhaust gas feedstream
temperature to various emissions devices implemented on a vehicle.

[0009] It may be preferable to estimate exhaust gas temperature to reduce

system costs, including costs for the sensor and wiring harness. Furthermore a
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system which implements a physical sensor to measure exhaust gas
temperature is required to monitor operation of the sensor for faults, adding
further complexity to the system.

[0010] Current algorithmic models to determine and estimate exhaust gas
temperature comprise non-linear models which require significant
computational resources and affect throughput of an on-board control module.
Furthermore, empirical models for a conventional combustion system are not
readily adapted to work with systems utilizing premix charge ignition (PCI)
combustion having high EGR flow rates.

[0011] Therefore, there is a need to estimate exhaust gas temperature for an

internal combustion engine which addresses the above.

SUMMARY OF THE INVENTION

[0012] In accordance with an embodiment of the invention, there is provided
a method and an article of manufacture to estimate exhaust gas temperature of
an internal combustion engine during ongoing operation of the engine. This
comprises determining states of a plurality of parameters of an intake
combustion charge. A heat release of the combustion charge is estimated
based thereon, and an exhaust gas temperature is estimated based upon the
estimated heat release. Exemplary parameters of the combustion charge
comprise engine speed, mass air flowrate, engine fueling and fuel injection
timing, and, recirculated exhaust gas fraction.

[0013] These and other aspects of the invention will become apparent to
those skilled in the art upon reading and understanding the following detailed

description of the embodiments.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The invention may take physical form in certain parts and
arrangement of parts, an embodiment of which is described in detail and
illustrated in the accompanying drawings which form a part hereof, and
wherein:

[0015] Fig. 1is a schematic diagram of an exemplary engine system, in
accordance with the present invention;

[0016] Fig. 2 is a graphical depiction of an algorithmic flowchart, in
accordance with the present invention;

[0017] Figs. 3-8 are graphical data depictions, in accordance with the present
invention,

[0018] Fig. 9 is a graphical depiction of a neural network, in accordance with
the present invention; and,

[0019] Figs. 10-12 are graphical data depictions, in accordance with the

present invention.

DETAILED DESCRIPTION OF AN EMBODIMENT OF THE INVENTION
[0020] Referring now to the drawings, wherein the showings are for the
purpose of illustrating the invention only and not for the purpose of limiting
the same, Fig. 1 depicts an engine 10 and engine control module (ECM) 5
which has been constructed in accordance with an embodiment of the
invention. The exemplary engine 10 comprises a multi-cylinder internal
combustion engine mechanized to operate in a compression-ignition

configuration, although this invention is not meant to be limited to
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compression-ignition engine configurations. Variable displacement
combustion chambers are formed in the cylinders between an engine head and
reciprocating pistons that are attached to a crankshaft. Engine system
components include an intake air compressing device 40 comprising a variable
geometry turbine device (VGT) and an air compressor (COMP), a charge air
cooler 42, an exhaust gas recirculation (EGR) valve 32 and cooler 52, an
intake manifold 50, and exhaust manifold and down-pipe 60, and an exhaust
aftertreatment system 70, comprising, e.g., an oxidation catalyst and a diesel
particulate filter. Sensing devices are installed on the engine to monitor
physical characteristics and generate signals which are correlatable to engine
and ambient parameters. The sensing devices preferably comprise an ambient
air pressure sensor 12, an ambient or intake air temperature sensor 14, and a
mass air flow sensor 16, all which can be configured individually or as a
single integrated device; an intake manifold air temperature sensor 18, and an
intake manifold pressure sensor 20. There is a VGT position sensor 28 and an
EGR valve position sensor 30. An engine speed sensor 22 monitors rotational
speed in revolutions per minute (RPM) of the engine. A pressure sensor 26
monitors a pressure drop across the exhaust aftertreatment system 70, which
preferably includes monitoring pressure output of the VGT of the intake air
compressing device 40, into the exhaust system. Each of the sensing devices
is signally connected to the ECM 5 to provide signal information which is
transformed by the ECM to information representative of the state of the
respective monitored parameter. It is understood that this configuration is
illustrative, not restrictive, including the various sensing devices being

replaceable within functional equivalent devices and algorithms and still fall
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within the scope of the invention. Furthermore, the intake air compressing
device 40 can comprise turbocharger and supercharger devices within the
scope of the invention.

[0021] The sensors are operative to provide states of engine and system

operating parameters, represented herein as follows:

Ma fresh mass air flow sensor 16;

Tim intake manifold temperature sensor 18;
P intake manifold pressure sensor 20;
Tam ambient temperature sensor 14,

Puim ambient pressure sensor 12;

VGTp  VGT position sensor 28;
EGVp  EGR valve position sensor 30;
RPM engine speed sensor 22; and,

AP exhaust aftertreatment delta pressure sensor 26.

[0022] The ECM 5 is an element of an overall vehicle control system,
preferably comprising a distributed control module architecture operable to
provide coordinated system control. The ECM is operable to synthesize
pertinent information and inputs from the aforementioned sensing devices, and
execute algorithms to control various actuators to achieve control targets,
including such parameters as fuel economy, emissions, performance,
driveability, and diagnose and protect hardware. The ECM 5 is preferably a
general-purpose digital computer generally comprising a microprocessor or
central processing unit, storage mediums comprising read only memory
(ROM), random access memory (RAM), electrically programmable read only
memory (EPROM), i.e., non-volatile memory, high speed clock, analog to
digital (A/D) and digital to analog (D/A) circuitry, and input/output circuitry

and devices (I/O) and appropriate signal conditioning and buffer circuitry. A
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set of control algorithms, comprising resident program instructions and
calibrations, is stored in ROM and executed to provide the respective
functions. Algorithms are typically executed during preset loop cycles such
that each algorithm is executed at least once each loop cycle. Algorithms
stored in the non-volatile memory devices are executed by one of the central
processing units and are operable to monitor inputs from the sensing devices
and execute control and diagnostic routines to control operation of the
respective device, using predetermined calibrations. Loop cycles are typically
executed at regular intervals, for example each 3.125, 6.25, 12.5, 25 and 100
milliseconds during ongoing engine and vehicle operation. Alternatively,
algorithms may be executed in response to occurrence of an event.

[0023] Referring now to Fig. 2, the invention comprises a method 80,
preferably executed as one or more algorithms in the ECM 5, to estimate
exhaust gas temperature in the exhaust system 60 of the exemplary engine 10
illustrated and described herein. The exhaust gas temperature is of interest for
control schemes and systems which monitor temperatures of exhaust gas
feedstream entering the EGR system upstream of cooler 52, entering the intake
air compressing device 40, and entering the exhaust aftertreatment system 70.
[0024] In operation, the system determines operating states for various
engine parameters affecting the combustion charge (Step 82), including engine
speed (RPM), commanded fuel mass (mg) per injection event (Fepq), timing of
start of fuel injection (SOI), commanded or estimated EGR flow, timing of

intake valve closing (IVC) typically in terms of crank position, and mass air
flow (M, ). A charge mass flow M, is calculated, which comprises mass flow

of total charge into the engine (Step 84), and as shown in Eq. 6, below. From
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this, an intake charge mass flow of oxygen gas (O,%intake or OZmass ), can be

determined (Step 86), as described in Eq. 7, below. A fuel/O2 mass ratio
(FO2R) is determined (Step 88), as described by Eq. 3, below. The exhaust
temperature, Te, can be determined based upon states of the above-mentioned
parameters and intake temperature Tip, as depicted in Eq. 2:

[0025] T, =T, +g(F,,. FO2R, EGR, SOI, RPM,IVC). [2]

[0026] The exhaust gas temperature T is estimated by one of a plurality of
methods, including executing equations derived from the temperature of intake
gases and non-linear regressions of experimentally derived parametric states,
and alternatively, by executing a neural network model (Step 90). The method
is now described in greater detail.

[0027] The exhaust gas temperature estimation algorithm described herein
relies upon input states the engine operating parameters which affect exhaust
gas temperature and are typically available using existing sensors and on-
board algorithms. Increases in combustion gas temperatures through the
engine can be based upon the fuel/air equivalence ratio o, i.e., fuel/air ratio,
adjusted for EGR dilution and other factors related to the charge ignition mode
(e.g., premixed charge ignition mode). In this invention, fuel mass in each
combustion chamber (identified as a primary factor to release energy or heat
affecting exhaust gas temperature) is calculated from the engine fueling
command Feng (e.g., fuel flow/injection stroke, mg/str) for each combustion
charge. Referring now to Fig. 3, a graph depicting a typical relationship
between mass of fuel burned during combustion and temperature increase

from an intake charge to an exhaust charge is provided. The results
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demonstrate an increase in the engine fueling command results in an increase
in a differential between intake air-exhaust air temperature (‘Texh-Tin’), and
hence an increase in the exhaust gas temperature.

[0028] Referring now to Fig. 4, a graph depicting a typical relationship
between the fuel/02 mass ratio (FO2R) and temperature increase from an
intake charge to exhaust (‘Texh-Tin’) is provided. The results demonstrate
that increasing the fuel mass flow per intake charge mass flow of oxygen
results in an increase in a differential between intake air-exhaust air
temperature (Texh-Tin), and hence an increase in the exhaust gas temperature.
Thus, the intake air-exhaust air temperature differential (Texh-Tin) and hence
the exhaust gas temperature both increase with an increase in the fuel/oxygen
mass ratio(FO2R).

[0029] The fuel/O2 mass ratio is defined in Eq. 3, as

[0030] FO2R = .fﬂ; [3]

2 mass
[0031] wherein fuel mass flow rate and intake charge mass flow of oxygen

are calculated as depicted in Egs. 4 and 5:

[0032] f__ =«a*F_,*RPM;and, [4]
[0033] OZmass = O2%im ake * Mc ' [5]

[0034] The charge mass flow rate is defined with reference to Eq. 6:
[0035] M, =M, /(1-EGR); [6]
[0036] wherein EGR comprises a measure, in percent, of recirculated

exhaust gases that flow into the engine intake for a given charge.
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[0037] Thus, the intake charge mass flow of oxygen is determined as
depicted in Eq. 7:

a+b*g

A+c+d*g 7]

[0038] O, . =023*M_*(1-EGR*

2mass

[0039] wherein a, b, ¢, and d are experimentally derived constants, and f

mass

comprises mass fuel flowrate (gm/sec), and ¢ comprises the fuel/air

equivalence ratio. The parameter A, i.e., normalized air/fuel ratio, can be
determined as stated in Eq. 8, wherein the scalar 14.57 represents nominal
stoichiometric ratio for the fuel:

1 M A

[0040] A=== R, [8]
¢ 1457*f__  1457*F

[0041] Another factor affecting operation comprises mass flowrate of
recirculated exhaust gas (EGR), as a percent of the combustion charge. As the
EGR mass flowrate increases, the exhaust gas temperature decreases due to
increase in mass of inert gas inducted into the combustion chambers. This
effect is demonstrated with reference to Fig. 5, which depicts a decrease in a
differential between intake air-exhaust air temperature (Texh-Tin) with an
increase in EGR rate or mass per charge.

[0042] Another factor affecting operation comprises timing of fuel injection,
typically controlled by timing of start of injection (SOI) relative to piston
position, measured with respect to top-dead-center (TDC). Retarding SOI
timing is known to delay combustion heat release, resulting in increased
temperatures in each exhaust stroke. This effect is demonstrated with

reference to Fig. 6, which depicts a decrease in a differential between intake
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air-exhaust air temperatures (Texh-Tin) as timing of SOI is retarded, over a
range from -5° TDC to +5° TDC.

[0043] Another factor affecting operation comprises engine speed. As
engine speed increases, there is an increase in friction between each piston and
cylinder wall, thus increasing exhaust gas temperatures. Engine speed affects
heat transfer to the cylinder wall from the combustion charge, but comprises a
lesser factor to be modeled here. Exhaust pressure has a minor effect on
exhaust gas temperature. However, when a variable valve train system is
used, closing of the intake valve relative to piston position (IVC) affects
exhaust gas temperature, wherein exhaust gas temperature decreases with
delayed closing of the intake valve, due to lower compression of the intake
gas.

[0044] Restating Eq. 2, an overall algorithm is provided for estimating the
exhaust gas temperature using the state parameters previously described, as
depicted in Eq. 9:

EGR, SOI, RPM, IVC). [9]

[0045] T, =T, +f(FO2R,E_,,
[0046] The substance of Eq. 9 can be restated as a non-linear regression

exhaust gas temperature model, as in Eq. 10:

SOl
pm

f
[0047] T, =T, +c, +c,* 8“;+c3*EGR2+c4* +pl(F,,) [10]

[0048] wherein the constants cl, c2, ¢3, and ¢4 can be found through a least-
squares regression analysis of actual data gathered during preproduction
calibration activities. The factor pl(E,,) comprises a polynomial of the

fueling command, is typically a third order polynomial, and can be modeled as

a precalibrated array. Referring now to Fig. 7, results of execution of a model
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for an exemplary engine executed in accordance with Eq. 10 are depicted,
comparing actual (measured) exhaust gas temperatures and estimated exhaust
gas temperatures over a series of test operating points occurring during
ongoing engine operation.

[0049] Alternatively, the algorithm for estimating exhaust gas temperature
using the operating states for the engine parameters previously described can

be restated, as in Eq. 11:

T, =T, +c, +c, *%“‘—;—+ g, (rpm,EGR) + g, (rpm,SOI) + p, (F, ;) + p,(VVT)
[11]

[0050] wherein the constants ¢; and c; can be derived through a least-squares
regression of actual data gathered during preproduction calibration activities.
The factors g,(rpm,EGR) and g,(rpm,SOI) comprise predetermined
calibrations, typically executed as two-dimensional calibrations stored in
tabular array form in non-volatile memory of the control module, with factor
g1 determined based upon engine speed and EGR mass, and, factor g, based

upon engine speed and start of injection timing. The factor p,(F,,)

comprises a polynomial equation driven by the fueling command, is typically
a third order polynomial, and can be modeled as a pre-calibrated array. The

function p,(VVT) comprises a polynomial equation which is derived by

determining effects of intake valve closing (IVC) timing on exhaust gas
temperature, which can be modeled as a pre-calibrated relationship executed
in tabular array form in the control module. The use of precalibrated
relationships executed in arrays to determine the exhaust gas temperature

reduces computational load in the control module. Such lookup tables require
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engine-specific pre-production calibration efforts to develop accurate
information. Referring now to Fig. 8, results of executing a model in
accordance with Eq. 11 are depicted, comparing actual (measured) exhaust gas
temperatures and estimated exhaust gas temperatures over a series of test
operating points over a period of time for the exemplary engine.

[0051] Alternatively, a neural network can be developed and implemented to
estimate the exhaust gas temperature. Referring now to Fig. 9, there is
depicted a multilayer neural network (NN) which has been constructed in
accordance with an embodiment of the invention. Neural networks are known
algorithmically executed constructs, and not described in detail herein. The
inputs to the NN comprise the engine parameter states of engine speed (RPM),
EGR mass flow, fuel command F.q4, the fuel/O2 mass ratio FO2R, and intake
valve closing timing (IVC), and fuel injection timing (SOI). The first layer of
the NN comprises five neurons, and the second layer of the NN has three
neurons. Each of the first layer of neurons comprises weighting factors
Liwll - L1w55, a summing function having one of the biases by;-b;s, and one
of a tangent-sigmoid (tan-sig) function Ny;-Njs as depicted in Fig. 10. Each of
the second layer elements comprises weighting factors L2w1l —L2w53, a
summing function, having one of the biases by;i-b,3, and one of tangent
sigmoid (tan-sig) functions Nj;-N»;. Weightings (w) and biases (b) of the
neurons of the NN are trained through known back-propagation algorithms,
with the final estimated exhaust gas temperature determined as described in
Eq. 12, below:

[0052] T, =T, +f,(L2W*f (LIW*u+b,)+b,); [12]
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[0053] wherein the weighting factors of L2ZW comprise a 3x5 constant array,
the weighting factors of LIW comprise a 5x5 constant array, and the biases
are bi=[by1, bi2, bi3, big, bis], and by=[by1, b2z, bas].

[0054] The input vector, u, is comprised of states of parameters previously
described hereinabove, and is defined in Eq. 13 as follows:

[0055] u=[FO2R Fmq EGR SOI RPM IVC]". [13]
[0056] Referring now to Figs. 11 and 12, results of the NN trained to
determine exhaust gas temperature are depicted for a representative engine.
The results depict actual and estimated temperatures during an exercise to
train the NN model and a validation of the NN model, over a range of
temperatures. The results indicate the temperature estimator effectively
tracked the actual temperature over a wide range of temperatures and changes
in temperatures, within a range of +/- 4.5% for the exemplary system.

[0057] The invention has been described with specific reference to the
embodiments and modifications thereto. Further modifications and alterations
may occur to others upon reading and understanding the specification. It is
intended to include all such modifications and alterations insofar as they come

within the scope of the invention.
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Having thus described the invention, it is claimed:

1. Method to determine exhaust gas temperature of an internal
combustion engine during operation of the engine, comprising:

determining states of a plurality of parameters of a combustion charge;
estimating a heat release of the combustion charge based thereon, and,
estimating the exhaust gas temperature based upon the estimated heat release

of the combustion charge.

2. The method of claim 1, wherein the parameters of the combustion
charge comprise engine speed, mass air flowrate, engine fueling and fuel

injection timing, and, recirculated exhaust gas fraction.

3. The method of claim 2, wherein the parameters of the combustion

charge further comprise timing of intake valve closing.

4. The method of claim 3, wherein the parameters of the combustion

charge further comprise a temperature of intake air to the engine.

5. The method of claim 1, wherein estimating the heat release of the
combustion charge comprises regressing a non-linear temperature equation

based upon the states of the parameters of the combustion charge.
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6. The method of claim 1, wherein estimating the heat release of the
combustion charge comprises executing a neural network model based upon
the states of the plurality of parameters to determine a temperature increase in

the combustion charge.

7. Article of manufacture, comprising a storage medium containing a

machine-executable program operative to determine exhaust gas temperature

of an internal combustion engine, the program comprising:

code to determine states of a plurality of parameters of a combustion charge
during ongoing operation of the engine;

code to estimate a heat release of the combustion charge based thereon, and,

code to estimate the exhaust gas temperature based upon the estimated heat

release.

8. The article of claim 7, wherein the parameters of the combustion
charge comprise engine speed, mass air flowrate, engine fueling and fuel

injection timing, and, recirculated exhaust gas fraction.

9. The article of claim 8, wherein the parameters of the combustion

charge further comprise timing of intake valve closing.

10.  The article of claim 9, wherein the parameters of the combustion

charge further comprise a temperature of intake air to the engine.
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11.  The article of claim 7, wherein the code to estimate the heat release of
the combustion charge comprises code operative to regress a non-linear
temperature model having as inputs the states of the parameters of the

combustion charge.

12.  The article of claim 11, further comprising a predetermined calibration
stored in tabular form to determine a combustion charge temperature increase

based upon one of the parametric states.

13.  The article of claim 7, wherein the code to estimate the heat release of
the combustion charge comprises code comprising an executable neural
network model adapted to determine a temperature increase in the combustion

charge based upon the states of the parameters.

14.  The article of claim 7, further comprising the machine-executable code
encoded therein to determine the exhaust gas temperature of the internal

combustion engine at least once per second during ongoing operation.

15. The article of claim 7, wherein the internal combustion engine

comprises a compression-ignition engine.
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16.  Method to determine an instantaneous exhaust gas temperature of a

compression-ignition internal combustion engine mechanized for exhaust gas

recirculation and operating in a premix combustion charge ignition mode

during operation of the engine, comprising:

determining states of a plurality of parameters of a combustion charge;

estimating a heat release of the combustion charge based upon the states of the
parameters of the combustion charge, and,

estimating the exhaust gas temperature based upon the estimated heat release

and intake air temperature to the engine.

17. The method of claim 16, wherein the parameters of the combustion

charge comprise a recirculated exhaust gas fraction.

18. The method of claim 17, wherein the parameters of the combustion

charge further comprise timing of intake valve closing.

19.  The method of claim 18, wherein the parameters of the combustion
charge further comprise engine speed, mass air flowrate, engine fueling and

fuel injection timing, and, the intake air temperature to the engine.

20.  The method of claim 18, comprising a device for executing the

method.
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