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ABSTRACT: The aim of this study was to fulfill the NOx
emissions standards for a light-duty diesel vehicle under real driving
emissions (RDE) testing conditions by implementing various
control strategies. In this study, RDE tests were performed by
adjusting the air mass quantity and postinjection quantity in order
to analyze engine-out and tail-pipe nitrogen oxides (NOx)
emissions for different phases of RDE. The results showed that
reducing in air mass quantity enabled the engine to operate in
higher exhaust gas recirculation (EGR) rate regions, resulting in a
32.5% reduction in engine-out NOx emissions and an 80.4%
decrease in tail-pipe NOx emissions. Increasing the postinjection
quantity primarily enhanced the NOx conversion efficiency for the
urban phase by 7.5%, leading to a 22.6% reduction in tail-pipe NOx
emissions. By employing both strategies, vehicles can comfortably meet the CN6b emission regulations by a substantial margin.

1. INTRODUCTION
Vehicular emissions, encompassing carbon monoxide (CO),
carbon dioxide (CO2), total hydrocarbons (THC), and
nitrogen oxides (NOx), have been acknowledged as
detrimental to both human well-being and the environment.1,2

Automobiles emerged as the predominant source of pollution,
constituting approximately 39% of the aggregate NOx
emissions in 2016.3 Furthermore, diesel vehicles are consid-
ered a major global contributor to NOx.4 It is widely agreed
that decreasing NOx emissions from diesel vehicles would have
positive implications for both human well-being and environ-
mental preservation. To fulfill the increasingly stringent
emission regulations for the future, diesel vehicles require
optimized methods that combine in-cylinder purification and
efficient exhaust after-treatment technologies. Generally, the
formation of NOx in the cylinder is related to the combustion
efficiency. This can be achieved through various means
including the utilization of a steel piston with an innovative
bowl geometry,5 implementing the Miller cycle with variable
compression ratio function,6 adopting new clean energy
sources like methyl ester fuel7 and hydrotreated vegetable
oil,8 introducing exhaust gas recirculation (EGR),9 and the
meticulous calibration of injection parameters such as pilot
injection,10 injection timing,11 and duration and fuel amount.12

To effectively tackle NOx emissions, after-treatment techni-
ques such as selective catalytic reduction (SCR),13 an SCR
catalyst-coated diesel particulate filter (SDPF),14 and a lean
NOx trap (LNT)15 are employed for the conversion of NOx
emissions.

The worldwide harmonized light-duty test cycle (WLTC)
was developed and implemented within the current regu-
lations, which incorporates more complex and variable
operating conditions to better reflect vehicle economy and
emissions performance,16 but the discrepancy between
laboratory tests and real-world measurements presents
significant challenges to the control of harmful NOx emissions
from vehicles;17 many countries, such as European countries,
South Korea, China, and Japan, have adopted the real driving
emissions (RDE) testing protocol using Portable Emissions
Measurement Systems (PEMS) to minimize the gap between
on-road and laboratory emissions.18−21 The results of
emissions from on-road driving conditions are affected by
driving conditions,22−24 after-treatment systems,14 routes,19

environmental conditions,25 and control strategies. There are
two main NOx control technologies used in the car market: in-
cylinder optimization technologies in concert with EGR and
after-treatment systems. Control strategies, such as employing
solely EGR through a transient control of model-based engine
charge control (MCCT),26 recalibrating EGR, utilizing various
combinations like LNT + DPF or two diesel oxidation catalysts
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(DOC) + SDPF,27 as well as implementing advanced NOx
storage and reduction (NSR) technologies,21 have been
embraced to comply with the more stringent RDE regulations.
Nevertheless, there has been limited investigation into the
analysis of emissions correlations based on the control
characteristics of the engine control unit (ECU).
This study analyzed the results of NOx utilizing a PEMS

under real driving emissions testing conditions for emissions
testing. Furthermore, this study obtained ECU signals and
simultaneously measured NOx emissions upstream and
downstream of the catalyst in the test vehicle by using NOx
sensors. In contrast to prior studies, this study specifically
examined the impact of adjusting the ECU control strategies
on the engine-out and tail-pipe NOx emissions to achieve
compliance with real driving emissions standards.

2. EXPERIMENTAL PROCEDURE
2.1. Experimental Setup. The commercial vehicle used

for the experiments is equipped with a diesel engine with a
nominal volume displacement of 2.5 L and a rated power of
105 kW. The after-treatment system comprises a diesel
oxidation catalyst (DOC), selective catalytic reduction
(SCR), and an SCR catalyst-coated diesel particulate filter
(SDPF). More details of the vehicle specifications and vehicle
system layout are shown in Table 1 and Figure 1, respectively.

2.2. Experimental Program. The decrease in NOx
emissions from vehicles can be done by both reducing
engine-out NOx emissions and improving the after-treatment
conversion efficiency. On the one hand, this study proposed
reducing engine-out NOx emissions by varying the air mass
quantity. On the other hand, this study reduced NOx
emissions by adding the postinjection quantity to increase
the engine exhaust temperature to improve the after-treatment
conversion efficiency. In this study, the tests without and with
the reduction in air mass quantity and without and with the
increase in postinjection quantity were labeled as test 1, test 2,
test 3, and test 4, respectively. In addition, test 1 and test 2
were tested using one reference CO2 quantity, while test 3 and
test 4 used another reference CO2 quantity.
The overview of model-based engine charge control (MCC)

used in this paper is shown in Figure 2. The air control
(AirCtl) component sets the charge of the engine with fresh air
and recirculated exhaust gas according to the demands of the
current operating mode and the current operating point. The
actuators controlled by the component are the EGR and
throttle valves. The fresh air mass and the EGR rates are
adjusted simultaneously with these two actuators. In this air

system control model, the desired air mass quantity is the input
and the EGR valve open rate is the output. The desired air
mass quantity is calculated as follows

m m m m mdes ats1 ats aps1 aps ets1 ets bas= · + · + · + (1)

where mdes is the desired air mass quantity in units of
milligrams per stroke, mg/str; ηats1 is the factor corrected by
ambient temperature; mats is the corrected air mass quantity by
ambient temperature in units of milligrams per stroke, mg/str;
ηaps1 is the factor corrected by ambient pressure; maps is the
corrected air mass quantity by ambient pressure in units of
milligrams per stroke, mg/str; ηets1 is the factor corrected by
engine temperature; mets is the corrected air mass quantity by
engine temperature in units of milligrams per stroke, mg/str;
and mbas is the base air mass in units of milligrams per stroke,
mg/str.
Considering the practical performance, this paper adjusts the

ambient temperature correction factor (ηats1) to reduce the air
mass quantity. Figure 3 shows the ambient temperature
correction factor map of tests 1 and 2. The main adjustment
area is the area where the engine speed is between 750 and
2750 rpm and the ambient temperature is between −15 and 11
°C.
Postinjection is an injection situated after the main injection,

used to burn off the soot in the combustion chamber and for
the regeneration of exhaust gas treatment systems. The
postinjection quantity is calculated by several correction
factors and static postinjection quantity. These correction
factors are used to modify the static postinjection quantity,
which contains corrections for engine temperature, ambient
temperature, and ambient pressure. The desired postinjection
quantity is calculated as follows

q q q q qpoi ats2 ats aps2 aps ets2 ets bas= · + · + · + (2)

where qpoi is the desired postinjection quantity in units of
milligrams per stroke, mg/str; ηats2 is the factor corrected by
ambient temperature; qats is the corrected postinjection
quantity by ambient temperature in units of milligrams per
stroke, mg/str; ηaps2 is the factor corrected by ambient
pressure; qaps is the corrected postinjection quantity by
ambient pressure in units of milligrams per stroke, mg/str;
ηets2 is the factor corrected by engine temperature; qets is the
corrected postinjection quantity by engine temperature in units
of milligrams per stroke, mg/str; and qbas is the base
postinjection quantity in units of milligrams per stroke, mg/str.
Considering the practical performance, this paper corrected

the postinjection quantity based on ambient temperature as
shown in Figure 4. The main difference is that test 4 adds the
postinjection quantity corrected by ambient temperature, and
it only works in the regions of total fuel injection quantity of
20−40 mg/str and engine speed of 1300−1600 rpm.
2.3. CN6b Regulations. CN6b regulations for light-duty

vehicles provide for on-road emissions testing via PEMS to
supplement the dynamometer-based type approval process to
minimize the difference between laboratory and real
emissions.28 Both urban and total trip pollutant emissions
should be less than exceed limits (NTE), calculated as eq 3,
and no modifications should be made in the calculation
process.

bNTE CF CN6NO NO NOX X x
= × (3)

Table 1. Vehicle Specifications

specifications test vehicle

vehicle model Isuzu Ruimai
fuel type diesel
curb weight (t) 2.04
engine type turbocharged, direct injection
engine power (kW/Nm) 105/360
displacement (L) 2.5
after-treatment DOC + SDPF + SCR
emission standard CN6b
gear manual 6
model year 2022
odometer (km) 3200
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where CFNOdX
represents the conformity factor of NOx

emissions, which is 2.1; CN6bNOdX
represents the CN6b limit

for NOx emissions, which is 50 mg/km.
For a trip to be qualified for RDE-type approval, the

requirements of driving route, driving experiments, and test
run must be fulfilled. As for the requirements of the driving
route, an RDE trip must cover three phases based on vehicle
speed: urban at speeds below 60 km/h, rural at speeds between
60 and 90 km/h, and motorway at speeds above 90 km/h. And
the test should be performed consecutively in the order of
urban, rural, and motorway. As for the requirements of the
driving experiments, an RDE test should be performed on a
paved surface or on the street. The PEMS shall be powered by

an external power source and shall not be directly or indirectly
from the engine of the test vehicle. The engine of the test
vehicle was kept from idling for a long time after the first
ignition and before the emission test begins. If the engine stalls
unexpectedly during the test, then the engine should be
restarted, with no interruption of the sampling of pollutants.
The vehicle should avoid prolonged idling after the test trip. As
for the requirements of the test run, sampling, measuring, and
recording should be carried out continuously throughout the
vehicle road test. The engine may be stopped and restarted
during the test, but emissions sampling and recording should
be performed continuously. The recorded data shall be 99% of
the complete signal with no more than 1% of the total driving

Figure 1. System layout of the test vehicle.

Figure 2. Overview of model-based engine charge control.
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time interrupted by the data and no more than 30 s of
continuous interruption; otherwise, the trip is judged invalid.
2.4. RDE Test Route. According to the RDE test protocol,

the test should be performed consecutively in the order of
urban, rural, and motorway, at least 16 km in each speed range,
with the total time of the test between 90 and 120 min. The
tests were conducted in Kunming, where the driving routes
recorded by GPS are shown in Figure 5, including urban (the
red route), rural (the blue route), and motorway (the green
route). The test route was chosen to meet the RDE
experimental requirements.
2.5. RDE Calculation and Trip Evaluation.

(1) The moving averaging window (MAW) method

By RDE test regulations, the calculation of emissions from
light-duty vehicles requires time correction of pollutant
concentrations, exhaust mass flow, vehicle speed, and other
transient data recorded during the experiment. After that, cold
start and engine off determinations were made, which were
excluded from the subsequent data processing, as required by
the MAW method.
The MAW method is a method for analyzing real driving

pollutant emissions (RDE), which divides the experimental
results into several subsets of data, or different windows, and
uses statistical data processing to identify the effective RDE
windows. The MAW method determines windows by the
accumulated CO2 emissions based on half of the total amount
of CO2 emissions from the WLTC.
In the calculation of the MAW method, it is necessary to

evaluate the window normality with the CO2 characteristic
curve. The CO2 emission results from each phase of the
WLTC are weighted by coefficients of 1.2, 1.1, and 1.05,
respectively, which are assigned to points P1, P2, and P3,
respectively. The parameters of P1, P2, and P3 are determined
by the average value of the vehicle speed and CO2 emission
coefficient of the vehicle in the low, high, and extra-high phases
of the WLTC, and the three points are connected to form the
CO2 characteristic curve of the vehicle. If the CO2 emission of
a window lies above the curve, then it suggests that driving is
more aggressive than normal driving. The basic and extended
tolerances of the CO2 characteristic curves are defined as tol1

Figure 3. Ambient temperature correction factor map of air mass quantity control.

Figure 4. Postinjection quantity based on ambient temperature correction.

Figure 5. Topographic maps of the RDE test route.
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equal to 25% and tol2 equal to 50%, respectively. The CO2
characteristic curves of all tests are shown in Figure 6.
The RDE experimental protocol requires that the results are

judged to be normal when more than 50% of the urban, rural,
and motorway windows fall within the basic tolerance range
defined by the characteristic curve. If not, the upper limit of
tol1 can be increased in 1% steps until the 50% window
requirement is met. However, when using this method, tol1
must not eventually exceed 50%. The window normality
verification is shown in Table 2.

(2) Dynamics parameter verification

RDE regulations require that the acceleration degree, apos
(positive acceleration greater than 0.1 m/s2), and RPA be
calculated based on the vehicle speed greater than 3 km/h,
with an accuracy of 0.1% and a sampling frequency of 1 Hz or
more. This study’s PEMS acquisition signal meets the above
accuracy and sampling frequency requirements. The time step
of 1 s was chosen for the calculation of the dynamics
parameters. Besides, the number of data sets with acceleration
values above 0.1 m/s2 in each velocity group should not be less
than 150. The number of data sets with acceleration values
above 0.1 m/s2 of tests is shown in Figure 7. From Figure 7,
the number of road sections in all RDE tests meets the
requirements, in which the number of data sets with
acceleration values above 0.1 m/s2 in urban is over 1000, for
rural, 400 to 600, and for motorway, 300 to 400.
In the CN6b regulation, the 95th percentile of the product

of vehicle speed and positive acceleration greater than 0.1 m/s2

and RPA is used to verify the trip dynamic conditions, with the
former being used to eliminate the effects of excessively
aggressive driving and the latter being used to eliminate the
influence of excessively soft driving.
The RPA can be calculated as in eq 4,

t v a j M

i N k u r m

RPA ( ) / d 1

, 1 , , ,

k
j

j k
i

i k k

k

pos , ,= · · =

= = (4)

where RPAk is the RPA for the urban, rural, and motorway
phases; Δt is the time step equal to 1 s; di,k is the distance
covered in time step i for phase k; Mk is the sample number
with positive acceleration in each phase; and Nk is the total
sample number in each phase.
The RDE experiment requires verification of the 95th

percentile of the product of vehicle speed and positive
acceleration and RPA in each velocity group, defined as in
eqs 5−8, where vk is the average velocity in each phase. The
trip decision is invalid if any of the following equations are
satisfied

v v a v
for

74.6 km/h, ( ) 95 (0.136 14.44)k k kpos· [ ] > · +
(5)

v v a v
for

74.6 km/h, ( ) 95 (0.0742 18.966)k k kpos> · [ ] > · +
(6)

v vfor 94.05 km/h, RPA ( 0.0016 0.1755)k k k< · +
(7)

vfor 94.05 km/h, RPA 0.025k k> < (8)

Figure 6. CO2 characteristic curves of the RDE tests.

Table 2. CO2 Window Normality

test number urban/% rural/% motorway/% tol1/%

test 1 70.3 100 79.9 30
test 2 77.4 69.4 50.4 26
test 3 100 79.3 99.4 25
test 4 100 86.7 93.4 25

Figure 7. Number of data sets with acceleration values above 0.1 m/s2
in each velocity group in RDE tests.
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The 95th percentile of the product of vehicle speed and
positive acceleration and RPA of 4 experiments are shown in
Figure 8. It can be seen from Figure 8 that the values from the
tests do not exceed the limit of the RPA boundary and cross
the limit of the 95th percentile of the product of vehicle speed
and positive acceleration. The dynamic conditions showed that
tests 1 and 2 were conducted under soft driving conditions,
while tests 3 and 4 were conducted under aggressive driving
conditions. In addition, as shown in Figures 6 and 8, both test
1 and test 2 are under soft driving conditions and show similar
CO2 characteristic curves under soft driving conditions,
suggesting that both tests were conducted under similar
driving conditions. Similarly, it can be concluded that tests 3
and 4 were also conducted under similar driving conditions.

3. RESULTS AND DISCUSSION
3.1. Difference between NOx Sensor Values and

PEMS Values. As shown in Figure 1, the vehicle tested has a

Figure 8. Dynamic boundaries of tests.

Figure 9. Comparison of NOx emissions measured by a NOx sensor and CVS analyzer.

Figure 10. Difference between NOx sensor values and PEMS values
in an RDE result.
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NOx sensor installed in the front of the DOC to measure the
vehicle’s engine-out NOx emissions and has a NOx sensor
installed in the rear of the SCR to measure the NOx emissions
after the exhaust gas has been converted. Figure 9 shows the
results of the test vehicle in the worldwide harmonized light-
duty test cycle (WLTC). It can be seen from Figure 9 that the
dynamic responsiveness of the NOx sensor values is consistent
with the CVS analyzer values with very small differences in
values.
In addition, the unit of the values of the NOx sensor is parts

per million (ppm), so the following equation is introduced to
convert parts per million to grams per kilometer (mg/km)

m C m
M
M

10
3600NOx NOx exh

NOx

exh

6i
k
jjjjj

y
{
zzzzz= · · ·

(9)

where mNOx is the mass flow of NOx in units of milligrams per
second, mg/s; CNOx is the concentration of NOx in units of
ppm measured by the NOx sensor, ppm; mexh is the mass flow
of exhaust in units of kilograms per hour read by integrated
calibration and application tools (INCA), kg/h; MNOx is the

molecular weight of NOx with the value of 46; and Mexh is the
molecular weight of exhaust gas with the value of 29.

m
m

L

dt
NOx

0

1800
NOx

=
(10)

where mNOx is the NOx emissions in units of milligrams per
kilometer, mg/km; and L is the vehicle’s total mileage under
the cycle in units of kilometers, km.
Taking the results of an RDE test as an example, Figure 10

shows that the calculated values of the NOx sensor differ
greatly from the value of the PEMS. The total tail-pipe NOx
emissions calculated by the NOx sensor in mg/km showed a
deviation of 43.2% compared to the PEMS values because the
NOx value in milligrams per km is related to the NOx value in
ppm and the exhaust gas flow, which can be seen in eq 9.
Figure 11 shows the vehicle speed, exhaust gas flow, and tail-
pipe NOx emissions in terms of time from ECU and PEMS. As
can be seen in Figure 11, the rear NOx sensor exhibits very
little variability in the tail-pipe NOx emissions in ppm
compared to PEMS, but the exhaust gas flow is much higher,

Figure 11. Vehicle speed, exhaust gas flow, and tail-pipe NOx emissions in terms of time from ECU and PEMS.

Figure 12. Comparison of engine-out and tail-pipe NOx emissions between test 1 and test 2.
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resulting in a much larger calculated tail-pipe NOx emission in
mg/km. Because of this variability, this paper uses NOx sensor

values in ppm or mg/km for analysis and PEMS values as the
evaluation criteria for regulation adoption.
3.3. Effect of Air Mass Quantity on NOx Emissions.

This section presents the analysis of air mass quantity on
engine-out and tail-pipe NOx emissions. The analysis was
based on simultaneous NOx emissions measured upstream of
the catalyst and values measured by the PEMS. Figure 12
results demonstrate a significant reduction in engine-out and
tail-pipe NOx emissions for the RDE tests. Calculated from the
front NOx sensor measurements, test 1 emits engine-out NOx
emissions in total 1.48 times higher than those of test 2. This is
mainly because compared to test 1, test 2 emits less engine-out
NOx emissions for all of the phases of the RDE test, with 1.1,
1.95, and 1.54 times lower for urban, rural, and highway,
respectively. As for the tail-pipe NOx emissions measured by
the PEMS, the total NOx emissions of test 2 are 5.11 times
lower than those of test 1, with 5.44, 5.62, and 3.46 times lower
for urban, rural, and highway, respectively. In addition, test 2
with a reduced air mass quantity can meet the CN6b emission
regulations by a significant margin, while test 1 fails because of
the poor performance in the urban phase. This is because in
the air system control model, the desired air mass quantity is
the input and the EGR valve open rate is the output. The
decrease in air mass quantity causes an increase in the EGR
valve open rate, resulting in a lower peak combustion
temperature, and thus has a high correlation with the NOx
formation. As shown in Figure 13a, compared with test 1, the
engine speed, fuel injection quantity, water temperature, and
throttle open rates of test 2 are close, but the air mass quantity
is reduced by 60 mg/str, resulting in a 6−10% increase in EGR
open rates, which reduces the engine-out NOx emissions from
50 to 20 mg/s. Likewise, Figure 13b shows that the air mass
quantity is reduced by 50 mg/str, resulting in a 5−9% increase
in EGR open rates, which reduces the engine-out NOx
emissions by more than half.
In addition, Figure 14 shows the difference in the EGR valve

open rates by the engine operating region between tests 2 and
1 in the rural and motorway phases. Most areas show that the
EGR valve open rates of test 2 are higher than those of test 1,
especially in the regions of total fuel injection quantity of 20−
40 mg/str and engine speed of 1600 to 1800 rpm for both rural
and motorway phases, which has a relatively high frequency of
engine operation.
3.4. Effect of Postinjection Quantity on NOx

Emissions. This section presents the analysis of postinjection
quantity on engine-out and tail-pipe NOx emissions. Figure 15
shows the effect of postinjection quantity on the different
phases of the RDE tests. The difference in engine-out NOx
emissions between test 3 and test 4 is very small, which means
the change in postinjection quantity has little influence on
engine operating conditions. As for the tail-pipe NOx
emissions measured by the PEMS, the total NOx emissions
of test 4 are 1.29 times lower than those of test 3, which is
attributed to a 2.59 times reduction in the urban phase.
Besides, test 4 with increased postinjection quantity can meet
the CN6b emission regulations by a significant margin, while
test 3 exceeds the standard in the urban phase. This is due to
the incomplete combustion reaction of the postinjection
quantity injected at the beginning of the expansion stroke
after the end of the cylinder compression stroke, which in turn
increases the exhaust temperature. Figure 16 shows the
comparison of cumulative postinjection quantity and exhaust
temperature before the SDPF in the RDE tests between test 3

Figure 13. Comparison of rural and motorway conditions between
test 1 and test 2; the black curve represents test 1 and the blue curve
represents test 2.
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and test 4. As shown in Figure 16, the cumulative postinjection
quantity of test 4 increases by 75.4 10.1, and 5.45 g for urban,
rural, and motorway phases, respectively, compared to that of
test 3. The exhaust temperature before the SDPF of test 4 is
generally higher for the urban phase, especially within 600 s
after a cold start, and has not much difference for the rural and
motorway phases than that of test 3. This is because when the
vehicle is driven under the rural and motorway conditions,
most of the engine speeds exceed 1600 rpm, which exceeds the
operating range of the corrected postinjection quantity
mentioned above, rendering the correction function inoper-
ative.
The NOx conversion efficiencies, largely influenced by

exhaust temperature,29 are calculated by the NOx reduction
rates upstream and downstream of the catalyst. The NOx
conversion efficiencies of tests 3 and 4 are shown in Figure 17.
The case of test 4 exhibits a similar overall tendency to the case
of test 3 with different phases, with the conversion efficiency
over 90% in the rural and motorway phases. Because the urban
phase has many stop signs and lower average vehicle speed, its
conversion efficiency is lower than the other two phases. The
total NOx conversion efficiency between test 4 and test 3
shows a difference of 4.4%, with 7.5, 0.1, and −4.2% for the
urban, rural, and motorway phases, respectively. The improve-

ment of NOx conversion efficiency in the urban phase is the
main reason for the reduction of tail-pipe NOx emissions.

5. CONCLUSIONS
This paper investigated the potential for reducing engine-out
and tail-pipe NOx emissions in the RDE using different control
strategies for a light-duty diesel vehicle. NOx sensor values in
parts per million or milligrams per km were used for analysis,
and PEMS values were used for the evaluation criteria for
regulation adoption. The reduction in air mass quantity was
introduced to reduce engine-out NOx emissions, and the
increase in postinjection was used to minimize tail-pipe NOx
emissions. Using both strategies, vehicles can meet the CN6b
emission regulations by a significant margin.
The reduction in air mass quantity allowed the engine to

operate in larger exhaust gas recirculation (EGR) rate regions,
resulting in a 32.5% reduction in engine-out NOx emissions
and an 80.4% reduction in tail-pipe NOx emissions. When the
engine operated in the regions of adjusted air mass quantity,
the EGR valve open rates increased and NOx emissions
decreased. This is considered a control strategy to change the
combustion state of the engine as the air mass quantity
decreases, while the injection quantity remains the same.

Figure 14. EGR valve open rates difference (test 2−test 1) in rural and motorway phases.

Figure 15. Comparison of engine-out and tail-pipe NOx emissions between test 3 and test 4.
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The increase in postinjection quantity mainly improved the
NOx conversion efficiency for the urban phase by 7.5%,
leading to a 22.6% reduction in tail-pipe NOx emissions.
Increased postinjection quantity raised the exhaust temper-

ature, especially for the urban phase of an RDE test, which in
turn increased the after-treatment conversion efficiency and
thus led to excessive NOx emissions.
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