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(57) ABSTRACT

Disclosed are a method of correcting a control logic of a
selective catalytic reduction (SCR) catalyst and an exhaust
system. The control logic may be adapted to calculate an
injection amount of a reducing agent for the SCR catalyst at
the least. The method may include detecting input variables
including temperature of the SCR catalyst and exhaust flow
rate, discretizing the input variables, standardizing the dis-
cretized input variables, determining whether the discretized
input variables are within a correction range, and correcting
the control logic of the SCR catalyst if the discretized input
variables are within the correction range.

correcting logic

[correction function 1 (fg}——-——-—l

[correction function 2 (@}——-—‘

!————vr

| [correction function £ (fy)
e =
l____':T'_—_;:_—:_—::T\i 60

_* =
SlHos
oxlloo
[ RNl Ri2]
oS|m o
S oS e
S=53
A
== go
o 5E

T
= f(lag&artéstg > '|l' reacting model

predicted downstrean
NOx concentration

[target injection

amount 0Of urea

|

|

|

|

|

|
F"l calculation of error>—I
|

of SCR

L'—EE-EE—Z—Z—Z—Z—Z?.—E—E—EE—Qf _‘=
5 |
- 3201
]
air flow ..
- meter engine
’ ,
12 4o 50 30 34

detected downstr_eam)_!
NOX concentration




Patent Application Publication

Jun. 25, 2015 Sheet 1 of 4

F1G. 1

correcting logic

correction function 1 (f1) -

correction function 2 (fZD——-—‘

correction function £ (f gﬁ—l
' |

exhaust

flow rate > «ll

upstre

am N()j>_4_,

concentration

Injection

amount of> i

reducing agent /' |

catalyst
temperatu

controller

L"]

air flow H

meter

(

12 40

engine

(
20 30

FQ_L_.

|
l
IR

reacting model
of SCR

NOX concentration

predicted downstreﬁw>_

amount of urea

target injectioD_

US 2015/0177746 Al

detected downstre
NOX concentration

34




Patent Application Publication  Jun. 25, 2015 Sheet 2 of 4 US 2015/0177746 A1

FI1G. 2
1 50
) [
12
[
air flow meter —>
32 60
/ [ 34
first NOX sensor > 2
- dosing module
36 70
) /
temperature sensor -
38
/
second NOx sensor -




Patent Application Publication

Jun. 25,2015 Sheet 3 of 4 US 2015/0177746 A1
FIG. 3
( start )
detecting input variables ~-5110

correction necessa

correction feasibility condition is

determining whether
condition is _

satisfied?

determining whether

satisfied?

\

discretizing input variables

5140

{

standardizing input variables

5150

/
performing
interpolation

~5190

no

discretized input variables are within

_Input variab

determining whether

correction range?
5160

time for which discretized
les are within correction range 2__—=

predetermined time? s
5170

performing correction ~5180

( return )



Patent Application Publication  Jun. 25, 2015 Sheet 4 of 4 US 2015/0177746 A1

FI1G. 4

talyst
ter?wapgrgture A Adm piscret AdMRange

NIRRT
:—:—:: 4;%—_%—%—_' _——:IAT Discret
:i%i%}_%;{v :? TE:{ AT Range

.
Ll

exhaust flow rate




US 2015/0177746 Al

METHOD OF CORRECTING CONTROL
LOGIC OF SELECTIVE CATALYTIC
REDUCTION CATALYST AND EXHAUST
SYSTEM USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority of Korean
Patent Application Number 10-2013-0161444 filed on Dec.
23, 2013, the entire contents of which application are incor-
porated herein for all purposes by this reference.

BACKGROUND OF INVENTION

[0002] 1. Field of Invention

[0003] The present invention relates to a method of correct-
ing a control logic of a selective catalytic reduction catalyst
and an exhaust system using the same. More particularly, the
present invention relates to a method of correcting a control
logic of a selective catalytic reduction catalyst and an exhaust
system using the same that prevents performance deteriora-
tion of the SCR catalyst due to frequent corrections.

[0004] 2. Description of Related Art

[0005] Generally, exhaust gas flowing out from an engine
through an exhaust manifold is urged into a catalytic con-
verter mounted at an exhaust pipe and is purified therein.
After that, the noise of the exhaust gas is decreased while
passing through a muffler and the exhaust gas is then emitted
into the air through a tail pipe. The catalytic converter purifies
pollutants contained in the exhaust gas. In addition, a particu-
late filter for trapping particulate matter (PM) contained in the
exhaust gas is mounted in the exhaust pipe.

[0006] A selective catalytic reduction (SCR) catalyst is one
type of such a catalytic converter. Reducing agent such as
urea, ammonia, carbon monoxide and hydrocarbon (HC)
reacts better with nitrogen oxide than with oxygen in the SCR
catalyst.

[0007] An exhaust system of a vehicle provided with the
SCR catalyst includes an urea tank and dosing module. The
dosing module injects reducing agent such as urea into the
exhaust gas passing through the exhaust pipe, and thereby the
SCR catalyst purifies the nitrogen oxide efficiently.

[0008] Thereducingagentinjected from the dosing module
is adsorbed in the SCR catalyst, is released if the exhaust gas
containing the nitrogen oxide passes through the SCR cata-
lyst, and reacts with the nitrogen oxide. If excessive reducing
agent is injected from the dosing module, a portion of the
reducing agent is not adsorbed in the SCR catalyst and is
slipped. Ammonia is typically used as the reducing agent of
the SCR catalyst. If the ammonia is slipped from the SCR
catalyst, the slipped ammonia may cause stink and customers
may have complaints. If the dosing module injects the reduc-
ing agent insufficiently, the nitrogen oxide contained in the
exhaust gas cannot be sufficiently removed and is exhausted
to the exterior of the vehicle. Therefore, amount of the reduc-
ing agent injected from the dosing module should be pre-
cisely controlled.

[0009] Inaconventional method of determining the amount
of the reducing agent, the amount of the reducing agent
according to driving conditions is stored in a map through
experiments and the amount of the reducing agent according
to current driving condition is determined from the map.
However, since there are a large number of driving conditions
affecting the amount of the reducing agent, manufacturing the
map is a tedious and expensive process.
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[0010] Inaddition, since the driving condition changes very
quickly, a measuring apparatus has error, and experiments
cannot be conducted under all the driving conditions when
manufacturing the map, the map itself has error. In order to
reduce the errors, the map is corrected. However, it is very
difficult to get over innate limitations such as error of the
measuring apparatus and quick change of the driving condi-
tion. Particularly, in a case that a vehicle runs on a road, a
specific driving condition maintains for a very short time and
an error calculated under the specific driving condition does
not necessarily reflect actual characteristics of the SCR cata-
lyst.

[0011] The information disclosed in this Background sec-
tion is only for enhancement of understanding of the general
background of the invention and should not be taken as an
acknowledgement or any form of suggestion that this infor-
mation forms the prior art already known to a person skilled
in the art.

SUMMARY OF INVENTION

[0012] The present invention has been made in an effort to
provide a method of correcting a control logic of a selective
catalytic reduction (SCR) catalyst and an exhaust system
using the same having advantages of discretizing and stan-
dardizing input variables in order to reflect transient charac-
teristics of the SCR catalyst and performing correction only
when the discretized and standardized input variables are
within a correction region.

[0013] A method of correcting a control logic of a selective
catalytic reduction catalyst according to various aspects of the
present invention may correct a control logic for controlling
operation of a selective catalytic reduction catalyst. The con-
trol logic may be adapted to calculate injection amount of
reducing agent for the SCR catalyst at the least.

[0014] The method may include: detecting input variables
including temperature of the SCR catalyst and exhaust flow
rate; discretizing the input variables; standardizing the dis-
cretized input variables; determining whether the discretized
input variables are within a correction range; and correcting
the control logic of the SCR catalyst if the discretized input
variables are within the correction range.

[0015] The correction of the control logic of the SCR cata-
lyst may be performed when a time for which the discretized
input variables are within the correction range is longer than
or equal to a predetermined time.

[0016] The input variables may be discretized from equa-
tions

Tea = To
ATpiscrer

deG - dmo

Sremp = and famp, =

A g
Admpiscrer

wherein 1, is discretized temperature of the SCR catalyst,
T, 1s the temperature of the SCR catalyst, T, is reference
temperature, AT p,;, ..., 15 unit temperature, f,,,, _is discretized
exhaust flow rate, dm, is the exhaust flow rate, dm, is ref-
erence exhaust flow rate, and Adm,,,., is unit exhaust flow
rate.

[0017] The discretized input variables may be standardized

by equations
7 Loy = ([t 0.5) and 714y Zi1E ({0 +0.5),

wherein ny,,,, is standardized temperature of the SCR cata-
lystand 0, is standardized exhaust flow rate.
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[0018] The discretized input variables may be determined
to be within the correction range if inequalities abs{fz,,,,—
N7t <AT, ... and abs{f,, -ng,, }<Adm are satis-
fied, wherein AT

+ange 18 @ predetermined temr;}énglture range
and Adm,,,,...
[0019]

is a predetermined exhaust flow rate range.
The method may further include interpolating the
control logic of the SCR catalyst if the discretized input
variables are not within the correction range.

[0020] The correction of the control logic of the SCR cata-
lyst may be performed with respect to the standardized input
variables.

[0021] An exhaust system according to various other
aspects of the present invention may include: an engine
adapted to generate exhaust gas while burning fuel and air; an
intake pipe connected to and supplying the air to the engine;
an exhaust pipe connected to the engine, the exhaust gas
flowing through the exhaust pipe; an SCR catalyst mounted
on the exhaust pipe and adapted to reduce nitrogen oxide
contained in the exhaust gas using a reducing agent; a reduc-
ing agent supplier mounted on the exhaust pipe between the
engine and the SCR catalyst and adapted to inject the reduc-
ing agent; an input variable detector adapted to detect input
variables; and a controller including a control logic for cal-
culating an injection amount of the reducing agent for the
SCR catalyst at the least and adapted to control the reducing
agent supplier according to the injection amount of the reduc-
ing agent, wherein the controller is adapted to discretize the
input variables, to standardize the discretized input variables,
and to correct the control logic if the discretized input vari-
ables are within a correction range.

[0022] The controller may correct the control logic when a
time for which the discretized input variables are within the
correction range is longer than or equal to a predetermined
time.

[0023] The controller may discretize the input variables by
equations

Tca = To
ATpiscrer

deG - dmo

Sremp = and fimg =

,
Admpiscrer

wherein 1, is discretized temperature of the SCR catalyst,
T, is the temperature of the SCR catalyst, T, is reference
temperature, ATy, is unit temperature, {;, din is dis-
cretized exhaust flow rate, dmy is the exhaust flow rate, dm,,
is reference exhaust flow rate, and Admy,,.., is unit exhaust
flow rate.

[0024] The controller may standardize the discretized input
variables by equations

7 Lemp ([ 72y t0.5) and ng, . =int(f,, . +0.5),

wherein ny,,,, is standardized temperature of the SCR cata-
lystand n,,, 1is standardized exhaust flow rate.

[0025] The controller may determine that the discretized
input variables are within the correction range if inequalities
abs{f 7y Nzemp | <AT, g and abs{f,, -n,, }<Adm,,,.
are satisfied, wherein AT, ... is a predetermined temperature
range and Adm is a predetermined exhaust flow rate
range.

[0026] The controller may be adapted to interpolate the
control logic if the discretized input variables are not within
the correction range.

[0027] The controller may be adapted to correct the control
logic with respect to the standardized input variables.

range
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[0028] The methods and apparatuses of the present inven-
tion have other features and advantages which will be appar-
ent from or are set forth in more detail in the accompanying
drawings, which are incorporated herein, and the following
Detailed Description, which together serve to explain certain
principles of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] FIG. 1 is a schematic diagram of an exemplary
exhaust system according to the present invention.

[0030] FIG. 2 is a block diagram illustrating a relationship
of'an input and output of a controller of an exemplary exhaust
system according to the present invention.

[0031] FIG. 3 is a flowchart of an exemplary method of
correcting a control logic of a selective catalytic reduction
catalyst according to an the present invention.

[0032] FIG. 4 is a graph for explaining discretization and
standardization of input variables.

DETAILED DESCRIPTION

[0033] Reference will now be made in detail to various
embodiments of the present invention(s), examples of which
are illustrated in the accompanying drawings and described
below. While the invention(s) will be described in conjunc-
tion with exemplary embodiments, it will be understood that
present description is not intended to limit the invention(s) to
those exemplary embodiments. On the contrary, the invention
(s) is/are intended to cover not only the exemplary embodi-
ments, but also various alternatives, modifications, equiva-
lents and other embodiments, which may be included within
the spirit and scope of the invention as defined by the
appended claims.

[0034] FIG. 1 is a schematic diagram of an exhaust system
according to various embodiments of the present invention.
As shown in FIG. 1, nitrogen oxide in exhaust gas is removed
while the exhaust gas generated in an engine 20 passes
through a selective catalytic reduction (SCR) catalyst 40. If
necessary, a particulate filter for trapping particulate matter
contained in the exhaust gas and/or an oxidation catalyst for
oxidizing carbon monoxide or hydrocarbon contained in the
exhaust gas may be used. The exhaust system illustrated in
FIG. 1 shows a simplified layout of an exhaust system to
which spirit of the present invention can be applied, and it is
to be understood that a range of the present invention is not
limited to the exhaust system illustrated in FIG. 1.

[0035] The engine 20 burns air/fuel mixture in which fuel
and air are mixed so as to convert chemical energy into
mechanical energy. The engine 20 is connected to an intake
manifold so as to receive the air in a combustion chamber, and
is connected to an exhaust manifold such that the exhaust gas
generated in combustion process is gathered in the exhaust
manifold and is exhausted to the exterior. An injector is
mounted in the combustion chamber so as to inject the fuel
into the combustion chamber.

[0036] An intake pipe 10 is connected to the intake mani-
fold of the engine 20 and is adapted to supply the air to the
engine 20. An air flow meter 12 is mounted on the intake pipe
10 and detects flow rate of the air passing through the intake
pipe 10.

[0037] An exhaust pipe 30 is connected to the exhaust
manifold and is adapted to discharge the exhaust gas to the
exterior of a vehicle.



US 2015/0177746 Al

[0038] The SCR catalyst 40 is mounted on the exhaust pipe
30 and is adapted to reduce the nitrogen oxide contained in the
exhaust gas into nitrogen gas using reducing agent.

[0039] For these purposes, the exhaust system further
includes a urea tank, a urea pump and a dosing module 34. For
brief description, the urea tank and the urea pump are not
illustrated in the drawings. In addition, urea is injected by the
dosing module 34 in this specification but it is not limited that
the dosing module 34 just injects the urea. That is, the dosing
module 34 may injectammonia. Furthermore, reducing agent
other than the ammonia can be injected together with the
ammonia or by itself.

[0040] The dosing module 34 injects the urea pumped by
the urea pump into the exhaust pipe 30. The dosing module 34
is mounted on the exhaust pipe 30 between the engine 20 and
the SCR catalyst 40 and injects the urea into the exhaust gas
before entering the SCR catalyst 40. The urea injected into the
exhaust gas is decomposed into the ammonia and the decom-
posed ammonia is used as the reducing agent for the nitrogen
oxide. It is to be understood in this specification and claims
that the reducing agent injected by the dosing module 34
includes materials that will be the reducing agent.

[0041] Meanwhile, the urea tank, the urea pump and the
dosing module described in this specification are examples of
reducing agent supplying devices, and it is to be understood
that a range of the present invention is not limited to the
examples of the reducing agent supplying devices. That is,
other types of the reducing agent supplying devices can be
used in the present invention.

[0042] The exhaust system further includes a plurality of
sensors including a first NOx sensor 32, a temperature sensor
36 and/or second NOx sensor 38.

[0043] The first NOx sensor 32 is mounted on the exhaust
pipe 30 upstream of the SCR catalyst 40 and detects NOx
concentration contained in the exhaust gas at an upstream of
the SCR catalyst. In various exemplary embodiments, the
NOx concentration at the upstream of the SCR catalyst 40
may be predicted based on exhaust flow rate, operation his-
tory of the engine, temperature of the SCR catalyst 40, injec-
tion amount of the reducing agent and/or amount of the reduc-
ing agent absorbed in the SCR catalyst 40, instead of using the
first NOx sensor 32.

[0044] The temperature sensor 36 is mounted on the
exhaust pipe 30 upstream ofthe SCR catalyst 40 or inthe SCR
catalyst 40, and detects the temperature of the exhaust gas at
the upstream of the SCR catalyst 40 or in the SCR catalyst 40.
For better comprehension and ease of description, the tem-
perature of the SCR catalyst 40 described in this specification
and claim may be temperature of the exhaust gas at the
upstream of the SCR catalyst 40 or temperature of the exhaust
gas in the SCR catalyst 40.

[0045] The second NOx sensor 38 is mounted on the
exhaust pipe 30 downstream of the SCR catalyst 40 and
detects the NOx concentration contained in the exhaust gas at
a downstream of the SCR catalyst 40.

[0046] The exhaust system further includes a controller 50.
The controller 50 controls operation of the injector and the
dosing module 34 based on the detection of the first and
second NOx sensors 32 and 38 and the temperature sensor 36.
[0047] The controller 50 may calculate exhaust flow rate
based on flow rate of the air passing through the intake pipe
10.

[0048] The controller 50 further includes a reacting model
60 of the SCR catalyst 40 for predicting reaction of the SCR
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catalyst 40. The reacting model 60 is defined by m param-
eters. Herein, m is a natural number. For example, the param-
eters may includes parameter related to speed of purifying the
NOx, parameters related to speed of oxidizing the ammonia,
parameters related absorbed amount of the ammonia, and so
on. In addition, the reacting model 60 is adapted to predict the
NOx concentration contained in the exhaust gas at the down-
stream of the SCR catalyst 40 and calculate target injection
amount of the reducing agent (i.e., target injection amount of
the urea) at the least. An error may be calculated by compar-
ing the predicted NOx concentration with the NOx concen-
tration detected by the second NOx sensor 38. In addition, the
reacting model 60 has n input variables. Herein, n is a natural
number that is smaller than m. The input variables may
include, but not limited to, the exhaust flow rate, the NOx
concentration contained in the exhaust gas at the upstream of
the SCR catalyst 40, the injection amount of the reducing
agent and the temperature of the SCR catalyst 40.

[0049] It is exemplified in this specification that the reac-
tion model 60 is used as a control logic for controlling opera-
tion of the SCR catalyst 40. The control logic may be any one
of'various control logics such as a control logic which calcu-
lates the injection amount of the reducing agent by using a
map and a control logic which calculates the injection amount
of the reducing agent by using specific variables. That is,
since the spirit of the present invention can be applied to all
the control logics for controlling operation of the SCR cata-
lyst 40, it is to be understood that all the control logics for
controlling operation of the SCR catalyst 40 is included
within the scope of the present invention.

[0050] The controller 50 further includes a correcting logic
70 for correcting the parameters using the error. The correct-
ing logic 70 may include at least one correction function fl1,
2, ..., and fl. The correcting logic 70 is adapted to calculate
a correction coefficient using the input variables and the error.
The controller 50 corrects the parameters according to the
correction coefficient.

[0051] FIG. 2 is a block diagram illustrating a relationship
of an input and output of a controller of an exhaust system
according to various embodiments of the present invention.
As shown in FIG. 2, the input variables detected by an input
variable detector 1 is transmitted to the controller 50, and the
controller 50 controls the dosing module 34 based on the
input variables. The input variable detector 1 includes the air
flow meter 12, the first NOx sensor 32, the temperature sensor
36 and/or the second NOx sensor 38.

[0052] The air flow meter 12 detects the flow rate of the air
passing through the intake pipe 10 and transmits a signal
corresponding thereto to the controller 50. The controller 50
may calculate the exhaust flow rate based on the flow rate of
the air.

[0053] The first NOx sensor 32 detects the NOx concentra-
tion contained in the exhaust gas at the upstream of the SCR
catalyst 40 and transmits a signal corresponding thereto to the
controller 50.

[0054] The temperature sensor 36 detects the temperature
of the SCR catalyst 40 and transmits a signal corresponding
thereto to the controller 50.

[0055] The second NOx sensor 38 detects the NOx concen-
tration contained in the exhaust gas at the downstream of the
SCR catalyst 40 and transmits a signal corresponding thereto
to the controller 50.

[0056] The controller 50 calculates the target injection
amount of the reducing agent by substituting the exhaust flow
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rate, the NOxX concentration contained in the exhaust gas at
the upstream of the SCR catalyst 40, the injection amount of
the reducing agent and the temperature ofthe SCR catalyst 40
into the reacting model 60, and controls the dosing module 34
according to the target injection amount of the reducing
agent.

[0057] The controller 50 predicts the NOx concentration
contained in the exhaust gas at the downstream of the SCR
catalyst 40 by substituting the exhaust flow rate, the NOx
concentration contained in the exhaust gas at the upstream of
the SCR catalyst 40, the injection amount of the reducing
agent and the temperature of the SCR catalyst 40 into the
reacting model 60. In addition, the controller 50 calculates the
error between the predicted NOx concentration and the NOx
concentration detected by the second NOx sensor 38.

[0058] Furthermore, the controller 50 calculates the correc-
tion coefficient for correcting the parameters by substituting
the error, the exhaust flow rate, the NOx concentration con-
tained in the exhaust gas at the upstream of the SCR catalyst
40 and the temperature of the SCR catalyst 40 into the cor-
recting logic 70, and corrects the parameters according to the
correction coefficient.

[0059] The controller 50 can be realized by one or more
processors activated by a predetermined program, and the
predetermined program can be programmed to perform each
step of a method of correcting a control logic of a selective
catalytic reduction catalyst according to an exemplary
embodiment of the present invention.

[0060] Meanwhile, the controller 50 may include a
memory. The reacting model 60 and the correcting logic 70
may be stored in the memory. In addition, the memory may be
a non-volatile memory.

[0061] FIG. 3 is a flowchart of a method of correcting a
control logic of a selective catalytic reduction catalyst accord-
ing to various embodiments of the present invention. As
shown in FIG. 3, a method of correcting a control logic of a
selective catalytic reduction catalyst begins with detecting the
input variables at step S110. The input variables may include
the exhaust flow rate, the NOx concentration contained in the
exhaust gas at the upstream of the SCR catalyst 40, the injec-
tion amount of the reducing agent and/or the temperature of
the SCR catalyst 40.

[0062] Ifthe input variables are detected, the controller 50
determines whether a correction necessary condition is satis-
fied at step S120. The correction necessary condition is sat-
isfied if the error between the predicted NOx concentration
and the NOx concentration detected by the second NOx sen-
sor 38 is greater than a predetermined value under current
input variables. The predetermined value may be a preset
suitable value.

[0063] Ifthe correction necessary condition is not satisfied
at the step S120, the method returns to the step S110.

[0064] If the correction necessary condition is satisfied at
the step S120, the controller 50 determines whether a correc-
tion feasibility condition is satisfied at step S130. The correc-
tion feasibility condition is satisfied if current temperature of
the SCR catalyst 40 exists within a predetermined tempera-
ture range and current exhaust flow rate exists within a pre-
determined range of the exhaust flow rate. For example, if the
temperature of the SCR catalyst 40 is too low or the exhaust
flow rate is too small, the NOx concentration predicted by the
reacting model 60 may be meaningless. If the parameters are
corrected based on the meaningless value, reliability of cor-
rection may be low and unnecessary correction may be iter-
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ated. Therefore, the correction is performed only when the
reaction of the SCR catalyst 40 predicted through the reacting
model 60 can indicate the reaction occurring actually in the
SCR catalyst 40.

[0065] Ifthe correction feasibility condition is not satisfied
at the step S130, the method returns to the step S110.

[0066] If the correction feasibility condition is satisfied at
the step S130, the controller 50 discretizes the input variables
at step S140. The input variables can be discretized by equa-
tions

Teaw = To dmgg — dmo
Fremp Apiserer Jingg Admpiscre:
Herein, f,,,,, is discretized temperature of the SCR catalyst

40, T, is the temperature of the SCR catalyst 40, T, is
reference temperature, ATy, ., is unit temperature, f,, _is
discretized exhaust flow rate, dmy,; is the exhaust flow rate,
dmy, is reference exhaust flow rate, and Adm,,_,,, is unit
exhaust flow rate. That is, the controller 50, as shown in FIG.
4, divides the input variables (i.e., driving conditions) into a
plurality of regions. The reference temperature and the refer-
ence exhaust flow rate may respectively be minimum values
of'the temperature of'the SCR catalyst 40 and the exhaust flow
rate at a region where the control logic can be corrected, but
are not limited thereto. In addition, the unit temperature and
the unit exhaust flow rate may be arbitrarily determined. The
smaller the unit temperature and the unit exhaust flow rate are,
the more precise the correction is. However, if the unit tem-
perature and the unit exhaust flow rate are too small, the
correction may be inaccurate. Therefore, in determining the
unit temperature and the unit exhaust flow rate, precision of
the correction should be considered.

[0067] It is exemplified in this specification but is not lim-
ited that the temperature of the SCR catalyst 40 and the
exhaust flow rate among the input variables are discretized.
That is, all the input variables may be discretized.

[0068] Iftheinputvariables are discretized atthe step S140,
the controller 50 standardizes the discretized input variables
at step S150. That is, the controller 140 calculates represen-
tative values that represent the plurality of regions. The dis-
cretized input variables may be standardized by equations

7 Loy = ([t 0.5) and 714y Zi1E ({0 +0.5),

Herein, n,,,,, is standardized temperature of the SCR catalyst
and n,, is standardized exhaust flow rate. In addition, “int”
function outputs a maximum integer that is smaller than a
value in a parenthesis, and 0.5 is required to round off the
discretized input variables.

[0069] If the input variables are standardized at the step
S150, the controller 50 determines whether the discretized
input variables are within a correction range at step S160. The
discretized input variables are determined to be within the
correction range if inequalities abs{fz,,, Nz, }<AT,,, ..
and abs{f,, -n,, }<Adm,,. are satisfied. Herein,
AT, ¢ 18 predetermined temperature range and Adm, ., is
predetermined exhaust flow rate range. That is, the dis-
cretized input variables are determined to be within the cor-
rection range if a difference between the discretized input
variables and the standardized input variables is within pre-
determined input variable range. The predetermined tempera-
ture range and the predetermined exhaust flow rate range may
be determined freely by a person of an ordinary skill in the art.
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The smaller the predetermined temperature range and the
predetermined exhaust flow rate range are, the more precise
the correction is. However, if the predetermined temperature
range and the predetermined exhaust flow rate range are too
small, the correction may be inaccurate. Therefore, in deter-
mining the predetermined temperature range and the prede-
termined exhaust flow rate range, precision of the correction
should be considered.

[0070] Ifthe discretized input variables are within the cor-
rection range at the step S160, the controller 50 determines
whether a time for which the discretized input variables are
within the correction range is longer than or equal to a pre-
determined time at step S170.

[0071] Ifthe time for which the discretized input variables
are within the correction range is shorter than the predeter-
mined time at the step S170, the method returns to the step
S110. That is, since the controller 50 cannot correct precisely
if the time for which the discretized input variables are within
the correction range is short, the controller 50 does not correct
the control logic. Therefore, inaccurate or frequent correction
may be prevented.

[0072] Ifthe time for which the discretized input variables
are within the correction range is longer than or equal to the
predetermined time at the step S170, the controller 50 cor-
rects the control logic. At this time, the control logic is cor-
rected with respect to the standardized input variables. That
is, although positions of the discretized input variables
change in the correction range, the discretized input variables
is assumed not to change and to maintain the standardized
input variables. If the control logic is the reaction model 60,
the parameters defining the reaction model 60 are corrected
by substituting the standardized input variables into the cor-
recting logic 70. If the control logic includes a map, the output
value corresponding to the standardized input variables is
corrected.

[0073] Meanwhile, if the discretized input variables are not
within the correction range at the step S160, the controller 50
interpolates the control logic at step S190. The interpolation
of the control logic is performed based on compensation
values of the standardized input variables enclosing the dis-
cretized input variables. On the contrary, the control logic
may be interpolated to an average value of the compensation
values of the standardized input variables enclosing the dis-
cretized input variable. In addition, the control logic may be
interpolated only when the time for which the discretized
input variables are within the predetermined region is longer
than or equal to the predetermined time.

[0074] Ifthe correction is completed at the step S180 or the
interpolation is completed at the step S190, the method
returns to the step S110.

[0075] As described above, waste of the memory and per-
formance deterioration of the selective catalytic reduction
catalyst due to frequent corrections may be prevented accord-
ing to various embodiments of the present invention. In addi-
tion, robustness of the control logic may be secured by cor-
recting the control logic considering transient characteristics
of the selective catalytic reduction catalyst.

[0076] For convenience in explanation and accurate defini-
tion in the appended claims, the terms “upsteam” or “down-
stream”, and etc. are used to describe features of the exem-
plary embodiments with reference to the positions of such
features as displayed in the figures.

[0077] The foregoing descriptions of specific exemplary
embodiments of the present invention have been presented for
purposes of illustration and description. They are not
intended to be exhaustive or to limit the invention to the
precise forms disclosed, and obviously many modifications
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and variations are possible in light of the above teachings. The
exemplary embodiments were chosen and described in order
to explain certain principles of the invention and their prac-
tical application, to thereby enable others skilled in the art to
make and utilize various exemplary embodiments of the
present invention, as well as various alternatives and modifi-
cations thereof. It is intended that the scope of the invention
be defined by the Claims appended hereto and their equiva-
lents.

What is claimed is:

1. A method of correcting a control logic of a selective
catalytic reduction (SCR) catalyst, wherein the control logic
is adapted to calculate an injection amount of a reducing agent
for the SCR catalyst at the least, the method comprising:

detecting input variables including temperature of the SCR

catalyst and exhaust flow rate;

discretizing the input variables;

standardizing the discretized input variables;

determining whether the discretized input variables are

within a correction range; and

correcting the control logic of the SCR catalyst if the dis-

cretized input variables are within the correction range.

2. The method of claim 1, wherein the correction of the
control logic ofthe SCR catalyst is performed when a time for
which the discretized input variables are within the correction
range is longer than or equal to a predetermined time.

3. The method of claim 1, wherein the input variables are
discretized from equations

Tea —To dmgg — dmg
= d - EeT R
Fremp Apiserer Jingg Admpiscrer
wherein f,,,, is discretized temperature of the SCR cata-

lyst, T, 1s the temperature of the SCR catalyst, T, is
reference temperature, AT, ., 1S unit temperature,
Ly 15 discretized exhaust flow rate, dmy, is the exhaust
flow rate, dm,, is reference exhaust flow rate, Adm,,
and is unit exhaust flow rate.
4. The method of claim 3, wherein the discretized input
variables are standardized by equations

iscret

2 Formp = IHI(fopyt0.5) and

Byt ([ t0.5),

whereinny,,,, is standardized temperature of the SCR cata-
lystandn,,, is standardized exhaust flow rate.

5. The method of claim 4, wherein the discretized input

variables are determined to be within the correction range if

inequalities  abs{fy,,,, Nz, }<AT,,,. and abs{f,, -
14, }<Adm,,,.. aresatisfied,
wherein AT, .. is a predetermined temperature range and

Adm,,,,.. is a predetermined exhaust flow rate range.
6. The method of claim 1, further comprising:
interpolating the control logic of the SCR catalyst, if the

discretized input variables are not within the correction
range.

7. The method of claim 1, wherein the correction of the
control logic of the SCR catalyst is performed with respect to
the standardized input variables.

8. An exhaust system comprising:

an engine adapted to generate exhaust gas while burning

fuel and air;

an intake pipe connected to and supplying the air to the

engine;

an exhaust pipe connected to the engine, the exhaust gas

flowing through the exhaust pipe;
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an SCR catalyst mounted on the exhaust pipe and adapted
to reduce nitrogen oxide contained in the exhaust gas
using a reducing agent;

a reducing agent supplier mounted on the exhaust pipe
between the engine and the SCR catalyst and adapted to
inject the reducing agent;

an input variable detector adapted to detect input variables;
and

a controller including a control logic for calculating an
injection amount of the reducing agent for the SCR
catalyst at the least and adapted to control the reducing
agent supplier according to the injection amount of the
reducing agent,

wherein the controller is adapted to discretize the input
variables, to standardize the discretized input variables,
and to correct the control logic if the discretized input
variables are within a correction range.

9. The exhaust system of claim 8, wherein the controller
corrects the control logic when a time for which the dis-
cretized input variables are within the correction range is
longer than or equal to a predetermined time.

10. The exhaust system of claim 8, wherein the controller
discretizes the input variables by equations

Tear —To
ATpiscrer

dmge — dmg

Sremp = and fmp, =

A g
Admpiscrer
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wherein f,,,, is discretized temperature of the SCR cata-

lyst, T, 1s the temperature of the SCR catalyst, T, is

reference temperature, AT, ., 1S unit temperature,

L, 1s discretized exhaust flow rate, dmy,; is the exhaust
flow rate, dm,, is reference exhaust flow rate, Adm,,
and is unit exhaust flow rate.

11. The exhaust system of claim 10, wherein the controller

standardizes the discretized input variables by equations

iscret

2 Formp = IHI(fopyt0.5) and

o s = (f g +0-5),

whereinny,,,, is standardized temperature of the SCR cata-

lyst and n,, . is standardized exhaust flow rate.

12. The exhaust system of claim 11, wherein the controller
determines that the discretized input variables are within the
correction range if inequalities abs{fz,,, Nz, }<AT
and abs{f,, -n,, }<Adm,,,  aresatisfied,

wherein AT, .. is a predetermined temperature range and

Adm,,,,.. is a predetermined exhaust flow rate range.

13. The exhaust system of claim 8, wherein the controlleris
adapted to interpolate the control logic if the discretized input
variables are not within the correction range.

14. The exhaust system of claim 8, wherein the controlleris
adapted to correct the control logic with respect to the stan-
dardized input variables.

range
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