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Abstract: Despite their harmful environmental impact, 96.5% of the heavy commercial vehicles sold in 2020
were diesel driven, which goes to shows that IC engines will stay in use with road vehicles for the foreseeable future.
Integrating catalytic converters and other filtering solutions in the vehicle exhaust systems provides a partial reduction
of these emissions, but a further reduction is a trade-off between the engine power output and the continuously
demanding eco-standards. This paper provides an insight into the workings of the engine control unit (ECU), the sensors
it draws data from as well as the actuators it controls. Additionally, it analyzes fuzzy logic control and how changing
the fuzzy logic maps within the ECU offers opportunities for increased engine power output with better fuel economy.
Having said that, this paper aims to achieve both of these requirements using the IC engine control principles and locate
the potential trade-offs of such a modification to the engine’s standard operation (a reduction in CO2 emissions being
one of them).
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MNOAECYBAIBE HA MOTOP CBC 3APA/IN HAMAJIYBAIBE HA HET'OBHUOT CO2 OTIIEYATOK

A mncTpaxkT: [lokpaj HEraTUBHHU €KOJIONIKH BIHjaHHja, TypH 96.5 % of TEIIKUTEe TOBApHH BO3UIIA POIAACHH
B0 2020 roxuna Oute noronysanu of quzen Mmorop CBC mro rosopu neka motopure CBC yme nonro ke ce 3agpxar
Ha MaTuInTaTa. BrpagyBameTo Ha KaTaTUTHYKUA KOHBEPTOPHU U APYTH QUITEPCKHU pelieHHja BO U3yBHUTE CHCTEMHU Ha
BO3MJIaTa OBO3MOXKYBa caMo JIellyMHa PeAyKIHMja Ha IITETHUTE EMHCHH, a OMJIO KakBa MOHATAMOLIHA PEAyKIHja BO
HHUBHOTO KOJINYECTBO MOAPa30Mpa KOMIPOMHUC TOMel'y MOKHOCTa Ha MOTOPOT M €€ TIOCTPOTHTE SKOJIOLIKU CTaHAAPAH.
OBOj Tpy X ke 0BO3MOKH YBH/ BO paboTaTa Ha eJIeKTpoHCcKaTta ynpasyBadka exuania (EVE) va motop CBC, censopure
0]l KOM NpHMa MOJATOLM M aKTyaTOpHTe KOW TH ympaByBa. J[OMONHHUTENHO, BO TPYAOT IO aHain3upame (has3u-
JIOTHYKOTO YNpPaBYBambe U MOXHOCTHTE KOM I'M HOCH MEHYBameTo Ha (asu-nornukure manu Bo EYVE 3a 3ronemena
MOKHOCT Ha MOTOPOT ¥ HaMaJleHa MOTPOIyBa4yKa Ha ropuBo. MIMajku T0 MpeBu HAaBEACHOTO, MOTIHPAjKU ce Ha
yNpaByBauKUTE MPUHIMIIN OBOj TPYA MMa 3a IIeJ Ja TH JOCTHIHE JBETe HaBeICHU MobapyBama M Jia TH JIoLupa
NOTEHIIMjaJJHUTE KOMIPOMHCH BO TaKBOTO IIOJieCyBambe M MoaudUKalija Ha CTaHIApAHOTO paboTeme Ha MOTOPOT
(xako mTo e HamanyBame Ha emucunte o1 COy2).

Kayunu 36opoBu: motop CBC; nepdopmancy; ynpaByBame; KOHOMHYIHO BO3€H:E; IIOMAJIO0 KOJINYECTBO Ha EMHCHH

1. INTRODUCTION

Society’s need for fast and efficient transport
has sped up the development of transport infrastruc-
ture, enforced laws that facilitate faster international
travel and has led to the technical and technological
advancement of different vehicle types. A major

component of any vehicle, the internal combustion
engine’s (ICE) development tendency has always
been directed toward greater economy, increased
power output, smaller mass and longer service life.
In addition, the ability not to pollute and emit green-
house gasses are as important. Lately, both fully
electric vehicles (EVs) and plug-in hybrids (PHEV)
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have been making a slow but stable entry on the pas-
senger and light commercial vehicle market. [1]

Taking in consideration current and future leg-
islative restrictions on exhaust tailpipe emissions,
the increased presence of passenger and light com-
mercial EVs on today’s roads seems perfectly rea-
sonable. [2]-[3] In spite of this, as much as 96.5%
of the heavy commercial vehicles sold in 2020, were
diesel driven. [1] This is a strong argument that in-
ternal combustion engines (ICEs) will stay in use for
the foreseeable future. Even if there was a sudden
reduction in interest and therefore sales, and the
number of ICE driven vehicles dropped, ICEs
would still be used in special purpose machines, in
maritime use and within other vehicles that count on
the robustness and power output of the diesel en-
gine. On the other hand, this also means that most
of the setbacks that come with the use of ICEs are
here to stay, including their capacity to pollute. [7]-
[8]

Air pollution from the transport sector and par-
ticularly from road transport, [4]-[6] became a ma-
jor environmental topic in the 1980s. Around this
time, most Western-European countries, the US, Ja-
pan, and others, first limited the amount of polluting
substances in exhaust emissions. With the goal to
reduce air pollution and the effects of global warm-
ing, these ecological standards sought to reduce the
exhaust gas opacity, and the quantity of carbon
monoxide, carbon dioxide, nitrogen oxides, particu-
late matter, non-methane volatile organic com-
pounds, unburned hydrocarbons etc.

Some exhaust emissions challenges that origi-
nated from the fuel’s contents (petrol with lead ad-
ditives and sulfur in diesels), were successfully
solved with the complete ban on these additives, [9]
which resulted in a drastic reduction of the presence
of lead and sulfur oxides in the ambient air. Air pol-
lution from road transport today is mostly a product
of the combustion process in the engine. Therefore,
the problem of harmful emissions reaching the am-
bient air is partially solved by installing catalytic
converters, filters and other solutions in the exhaust
systems of the vehicles. [10] However the possibil-
ity for a complete reduction of the harmful compo-
nents lies with the optimization of the combustion
process.

This emphasizes the need for new techniques
and methods of tuning the combustion process in the
engine and optimizing its operation according to the
operating mode of the vehicle and the needs of the
driver. Fuzzy-logic control and the process of alter-
ing the fuzzy-logic maps in the vehicle’s electronic

control unit (ECU) offer tempting opportunities for
increased engine power output and better fuel econ-
omy. [11]-[14] With this in mind, the aim of this pa-
per is to analyze the principles of fuzzy-logic con-
trol of the ICE, to try to achieve both of these re-
quirements and understand the potential advantages
and disadvantages in terms of exhaust emissions of
such a modification in the operation of the engine.

2. MATERIALS — ENGINE CONTROL UNIT
(ECU)

With an increased development in technology,
computer control systems, which were usually
found in larger scale industrial systems, are now in-
creasingly found in commercial products for every-
day use. The automotive industry consistently fol-
lows both the technical and technological evolution
and contributes with numerous innovations to the
development trends. A great example is the ‘control
era’ of automotive technology that started in the 90s
and aims to simplify the use of cars. Understanda-
bly, this offers numerous benefits for the user, but
also for the environment. Some of these benefits are
greater vehicle safety and reliability, an increase in
the engine power output, reduced fuel consumption
and a significant reduction in the amount of harmful
exhaust emissions. This is achieved with the help of
numerous sensors and actuators controlled by the
ECU of the vehicle, along with precise control logic
that processes data at high speed, and which does
not require large resources.

Engine control is pretty complex as it involves
strict exhaust emission criteria and reduced fuel
consumption, with no loss of engine performance.
For this purpose, the ECU must quickly process in-
puts from engine and vehicle sensors and adjust the
position of different actuators as an output, thereby
meeting the needs of the driver and the required
power delivered by the engine. At the same time,
this process must meet the set ecological norms and
achieve all of the above with optimal fuel consump-
tion.

Considering that passenger and light commer-
cial vehicles in the EU are 11.5 and 11.6 years old,
respectively, [15] or otherwise at the transition from
EURO 4 to EURO 5 emission standard, the vehicle
we used for our research is a SEAT Leon Mk 11 1.9
TDI, manufactured in 2009, in accordance with the
EURO 4 standard. This vehicle has a BOSCH EDC
16 control module with a Motorola MPC 564 (Fig-
ure 1) microcontroller, manufactured in 2001.
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Fig. 1. Motorola MPC 564 microcontroller housing pin layout

The ECU receives information from the engine
sensors through multiple analogue and digital in-
puts, and sends commands to the motor control ac-
tuators through digital outputs. Due to its perfor-
mance, temperature operating range and shock re-
sistance, this ECU is widely used in the automotive
industry.

The ECU receives input data from: accelerator
pedal position sensor (APPS), the camshaft position
sensor, the crankshaft position sensor, the transmis-
sion position sensor, the engine coolant temperature
sensors mounted on the engine block and radiator,
the fuel temperature sensor (FTS), the intake air
temperature sensor (IAT), the mass airflow sensor
(MAF), and the turbocharger (boost) pressure sen-
sor.

Actuators controlled by the ECU are: the elec-
tric fuel pump, the exhaust gas recirculation (EGR)
solenoid valve, the recirculating exhaust gas cooling
valve, the fuel heaters module, fuel injectors, sole-
noid airflow control valve, and a compressor bypass
valve (CBV).

3. METHODS - FUZZY LOGIC CONTROL

The duration of the engine control cycle must
be very short, and linear control (such as PID con-
trol) has been found less suited for this purpose.
However, Fuzzy-logic control offers a more con-
venient control logic without the need for large
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hardware requirements, while the time of the engine
control cycle is reduced to a minimum.

In the past, controller manufacturers used
lookup tables that represented control logic, which
they obtained through a lot of testing or using the
"trial-and-error" method and accumulated experi-
ence through the lessons learned (one of the guiding
principles of fuzzy-logic control). The main disad-
vantage of lookup tables-based control is that they
take up a lot of memory and it takes the ECU a sig-
nificant amount of time to select an appropriate ta-
ble in response to the driver’s requirements, and the
vehicle’s operating conditions. As a result, car man-
ufacturers today base their ECUs on fuzzy-logic and
convert the fuzzy control system output into lookup
tables, or fuzzy logic maps.

The ECU’s memory holds more than 200 con-
trol maps, meaning that for the same output we can
have more maps, i.e. more outputs managing the
same actuator. We also have fuzzy-logic control
when the ECU is monitoring the engine condition,
making conclusions based on engine data which de-
termines which map is most suitable for the current
control requirements of the engine.

The main advantages of this type of control are
the fast reaction time of the controller, a control cy-
cle only takes a very small amount of time, there is
virtually no need for expensive hardware (proces-
sor, RAM and similar components) and there is an
easy access to the engine control parameters for fur-
ther optimization. Perhaps the only drawback is the
need for a large ROM to store all the maps, but as
an alternative, an external EEPROM (electrically
erasable programable read-only memory) is used
within the ECU. Given the fact that the cost of sem-
iconductor components used for this type of
memory is quite low, and this way the control speed
is increased several times over, this method of con-
trol is entirely financially justified.

4. RESULTS

The fuzzy logic maps used as lookup tables
within the ECU are obtained as outputs from a fuzzy
controller and hold predetermined values that the
engine should achieve, namely power (kW or hp),
torque (Nm) and the amount of pollutants in the ex-
haust emissions, expressed as a percentage (%) of
the volume of total exhaust emissions.

All of the maps are located in a .hex file (HEX
— hexadecimal source file) within the ECU’s
EEPROM, but to get them to the desired state
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requires hard work and many precise calculations
(as a safety measure that protects the manufacturer
from amateurs damaging the engine and causing ex-
pensive and often irreversible defects). Using math-
ematics, experience and experimentation, we can
fine-tune some of the operating parameters, in order
to get greater performance from the vehicle and re-
duced fuel consumption. In order to perform this en-
gine optimization, we will have to change more than
50 maps, but in the interest of the available space in
this paper, Appendix 1 presents only some of them.
The maps are displayed so that the coefficients
changed (relative to the factory condition) are high-
lighted in red.

First, we will take a look at the dynamometer
results for the power output, per the factory settings
of the vehicle (without any optimization) which we
will take as reference value. (Figure 2a) We can see
that by default the car has a maximum power output
of 78 kW or 106 hp (reached at 4000 rpm) or a max-
imum torque of 250 Nm (reached at 2300 rpm).

However, by looking at Figure 2b, which shows
the power output curve after we performed the
“Performance” optimization, we notice that the
same engine is now able to reach a maximum power
output of 106 kW or 144 hp (achieved at 3277 rpm),
i.e. a maximum torque of 324.8 Nm (achieved at
2971 rpm).

We should note, that while we increased the
power output, we are still left with room to make the
engine more efficient in terms of its fuel consump-
tion. The fuel consumption measured by the vehi-
cle's on-board computer after passing 100 km with
combined driving (both urban and on the highway)
before the optimization was 6.6 1/100 km. (Figure
3a) After performing the “Performance” optimizati-
on, the fuel consumption measured by the car's on-
board computer after 100 km with combined drive
is exactly 6 1/100 km. (Figure 3b).

Finally, we measured the quantity of the diffe-
rent components found in the vehicle’s exhaust
emissions that fall under the legal frameworks of the
Republic of North Macedonia and in particular the
Rulebook for the technical inspection of vehicles
[18] in the Republic of North Macedonia. As we can
see by comparing Figures 4a and 4b, the major
difference between the non-optimized engine and
the same engine following the “Performance” opti-
mization is in the reduced CO. emissions. Prior to
the optimization the engine emits 3.43% CO; per
volume of exhaust emissions, while after the optimi-
zation, the engine emits 2.30% CO; per volume of
exhaust emissions. The optimized engine also
shows an increase in its CO emissions.
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Fig. 2a. Power output of the

non-optimized SEAT Leon engine
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5. DISCUSSION

It is perfectly reasonable to wonder why the
manufacturer would not do these optimizations
when clearly, the engine is designed to have a higher
power output. The answer lies with taking account
of the market/s where the particular vehicle is being
sold. Therefore, the fuzzy logic control maps
chosen, reflect specific legal norms, such as ecology
standards, traffic safety norms, conditions for the
technical approval of vehicles, taxation conditions,
etc., in the countries that make the biggest part of
the vehicle market. The most attention is paid to the
environmental norms, because they are very easily
controlled at the annual technical inspection of the
vehicle, by measuring the exhaust emission.

In the case of this paper and the vehicle tested,
the engine will maintain most of the required envi-
ronmental norms. Only after long-term operation of
the vehicle would it be possible to reduce the ecolo-
gical norms, however within the limits predicted by
the manufacturer due to wear of the engine compo-
nents. Our test vehicle will meet the emission stan-
dards in the EURO 4 standard, but the reduction in
fuel consumption and increase in power will affect
the amount of nitrogen oxides and particulate matter
in the exhaust emissions. Even then, the ecological
norms (according to the performed measurements)
will not drop in the EURO 3 standard.

CONCLUSION

Thanks to the research done in preparation for
this paper, which refers to the improvement of en-
gine performance and reduction of fuel consump-
tion in ICEs, we can state that there is no optimal
engine cycle, but a compromise should be made in
the design of the ICE from the point of energy effi-
ciency and maximum utilization of the energy re-
leased by the fuel.

Using modern and advanced control systems
we can achieve a more optimal combustion process
within the ICE, in which the ratio of the energy re-
leased from the combustion of fuel and the combus-
tion products would be more ideal. Utilizing the
processing power and complex control algorithms
of the engine’s ECU, along with the engine’s sensor
and actuator elements, and a feedback loop that al-
lows the ECU to monitor the momentary state of the
combustion process, the engine’s performance is
controlled at a speed of several thousand reactions
per second. Seeing as different environmental con-
ditions and operating modes of the vehicle require

specific adjustment of the engine’s working param-
eters, we can further optimize these algorithms in
order to increase the engine and therefore the vehi-
cle’s power output and improve its fuel economy.
Thanks to the reduced fuel consumption, we will
also have reduced the vehicle’s CO; emissions, but
at the cost of increasing the amount of nitrogen ox-
ides and solid particles.

The aforementioned second (delayed fuel in-
jection) and third (duration of the fuel injection)
modifications offer different benefits, but come
with their own disadvantages. Nevertheless, they
make perfect points for further research, whose
results would be detrimental in determining which
optimization of the operating parameters is most ap-
propriate for a specific operating mode of the vehi-
cle. Furthermore, by increasing the number of com-
binations between the fuzzy logic maps and then
storing them as separate files in the ECU’s
EEPROM we could allow the driver to select the
most appropriate driving mode (urban, highway,
etc.) or by applying the principles of machine learn-
ing we can have an autonomous selection of the
most appropriate map package.
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APPENDICES

Appendix 1 Modified fuzzy logic maps for the optimization of the working parameters of an ICE

"

Seat Leon (Importierted Version), 379717, Map "Bosch 116" * ==
1.(Q. (MAF,REM) /mg -
mg | 3000 3750 4250 4750 6000 7500 10000
rpm 3500 4000 4500 5000 6800 8500
861 21,7 22,1 2,4 261 283 29,1 295 3,7 35 3,0 37,5 3,8 383
924 22,4 22,8 23,0 269 288 20,4 296 32,3 37,2 388 394 30,9 40,4
1000 21,1 21,8 22,5 24,7 259 264 282 30,5 354 381 39,5 41,1 41,8
1100 2,0 21,9 22,4 23,8 250 256 27,1 28,6 33,8 360 39,4 44,1 44,0
1200 21,0 21,5 22,2 23,9 24,9 262 21,7 28,7 33,1 31 39,6 458 46,5
1289 20,9 21,5 22,1 23,9 250 263 251 29,1 32,8 354 39,6 47,0 41,9 |
1400 21,7 22,4 23,0 23,7 24,4 25,9 283 29,3 33,0 35,7 44 504 530
1500 22,0 22,5 22,9 23,8 24,3 257 280 20,1 33,1 355 42,2 5,2 55,9
1600 21,0 22,6 23,1 23,8 24,5 257 21,7 29,0 32,9 35,6 42,5 5,2 57,1
1750 21,6 22,3 23,0 240 252 26,2 27,0 29,5 33,0 353 41,0 43,7 55,0
2000 19,6 22,7 23,5 24,8 255 263 27,0 29,7 33,1 36,0 42,7 49,1 58,6
2500 196 22,4 2,5 24,6 254 265 281 30,2 33,8 383 43 53,5 40,8
3000 19,3 22,2 23,3 244 256 267 280 30,4 33,8 390 453 55,1 98,5
3500 18,7 21,3 22,1 23,4 24,7 259 21,3 29,7 36,6 41,7 48,4 53,4 54,7
4000 18,1 20,4 2,3 22,7 24,2 256 29 286 34,8 392 43,0 4T 47,3
5000 13,0 155 167 17,8 18,9 20,0 21,2 22,6 27,1 30,0 32,8 3,9 32,0
Text {2d/3d] ¢ i b

Fig. 1. Modified fuzzy logic map controlling the quantity of fuel dependent on the fresh air intake
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Fig. 2. Modified control surface for the control of the quantity of fuel dependent on the fresh air intake
Seat Leon (Importierted Yersion), 379717, Map "Bosch T16" * | — | =] ||i:i|
TORQUE (MCCELERATOR , EFM) /Nm ~
2 1 10 40 g0 b
rem ] 20 &0 100
0 354 369 3\ 3490 390 390 429 azg
400 354 369 389 3490 390 390 429 azg
&00 309 329 358 360 365 370 41E aze¢
700 248 272 319 352 355 360 407 a1
750 ] 137 252 324 330 350 anz 407 o
230 a 102 123 163 238 324 3B5 ao .
1000 a 43 75 114 137 30a 374 394 . A
1144 a 33 52 a7 170 292 3a7 391 L 5
1200 a 2 47 a8 155 279 a0 388 .
1500 a 4 27 al 132 241 337 380 .
2000 a a 9 34 104 120 290 366 _
2500 a a 4 le T8 145 254 3419 _
3000 a a 3 T a4 133 236 336 _
4000 a a a 5 2 117 215 313
5000 i} a a a 33 2 191 24949
5355 a a a a 5 50 140 2119
EEHtIEdiEdl 1 | i | »

Fig. 3. Modified fuzzy logic map for the accelerator pedal position

Mech. Eng. Sci. J. 39, (1-2), 33-46 (2021)
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Fig. 4. Modified control surface for the accelerator pedal position

S ot o) 71 Mop B L5 BE™

el '-
-1 0 2l 1230 1800 2000 2300 3000 3300 4000 400
- 3l 1000 1300 1900 2230 il 340 300 400 el
il 0 0 1390 led 2413 2664 3130 42 300 300 300 1M OAM AL A 2% Al 1N 0 ¢
100 0 0 1390 ledD 2415 2664 3130 2 300 300 300 =@M OAm A2 e 2% Ak 190
80 00 1290 1640 241 2864 3130 2 300 300 B0 M OAm A2 e 2% Ak D0
&0 00 1290 1e40 2< 2864 3130 212 300 3300 300 1M 307 012 8 0% B 190 |
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Fig. 5. Modified fuzzy logic map to limit the torque
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[ Seat Leon (mporterted Version), 379717, Map "Bosch 116" * ==
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Fig. 6. Modified control surface to limit the torque
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Converaian table (Torque, REM) /ng 4
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m : 7 il 160 0 2 W 3%
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Fig. 7. Modified fuzzy logic map for torque converted in quantity of fuel
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Fig. 8. Modified control surface for torque converted in quantity of fuel
Seat Lean (Importierted Version), 379717, Map * E@
Start of injection (FUEL,REN)/IEG s
mg | 0 8 13 pil] 30 3 43
il 3 10 15 23 3 4 3

00 | 1,00 14,02 14,02 14,00 14,00 14,00 14,00 14,00 14,00 14,00 14,00 14,00 14,02 14,02
B0 | 14,02 14,02 14,02 14,00 14,00 14,00 14,00 14,00 14,00 14,00 14,00 14,00 14,02 14,02
000 | 1,02 1,020 1,020 1,00 1,00 10,00 10,00 12,02 14,00 14,00 14,00 14,00 14,02 14,02
250 | 1,020 1,020 1,020 1,00 1,00 10,00 10,00 12,02 14,00 14,00 14,02 14,00 14,02 14,02
1500 | 1,02 13,02 13,02 1,02 10,02 10,00 13,02 12,02 1402 14,02 1512 1512 1512 15,12
0 | 10,7 10,% 10,5 10,5 10,50 10,50 10,50 10,50 10,50 1,16 12,84 13,80 1512 15,12
000 | 1050 10,27 o8 92 &4 811 813 & 066 1,06 12,87 13,80 15,08 15,00
20 | 1,2 1,020 10,05 933 &4 816 816 87 950 10,0 13,4 15,14 1673 1673
200 | 12,5 12,5 1,27 10,40 412 &6 86§75 1,00 13,73 15,00 168 19,00 1901
M0 | 1348 13,48 12,% 1,63 10,20 &47 047 10,8 12,75 W51 150 1,6 24,3 2L
000 | 13,92 13,% 13,76 13,00 12,3 1,67 1,67 13,55 1484 163 18,77 W51 24,00 2400
00 | 13,97 13,97 14,63 1520 1573 1620 1697 17,95 18,00 1823 20,0 22,89 2648 2648
300 | 13,97 13,97 15,00 16,31 18,00 18,03 20,00 20,00 20,00 20,21 2,4 48 2% 2%
000 | 14,06 14,06 1526 16,6 1842 20,11 23,63 B0 24,00 24,00 2651 28,3 283 283
500 | 14,06 14,06 155 16,81 18,61 2,05 24,63 2627 268 400 29,16 29,06 29,16 29,16 LI
000 | 14,06 14,06 15,5 16,81 18,61 20,05 24,63 2621 2688 2,00 29,16 29,16 29,16 29,15

Text f2dddf ¢ | Il )

Fig. 9. Modified fuzzy logic map for the moment of fuel injection

Mauw. unoe. nayu. ciuc. 39, (1-2), 33-46 (2021)39.
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Fig. 10. Modified control surface for the moment of fuel injection
3 SeatLeon mporteed Version), 79707, Map ‘Bosch 116 BE
Spraying Tine (FUEL, REY) /DEG
mg |l 3 10 20 kil 4 30 &0
Tpm Z 7 13 25 3 43 3
100 3,4 7,30 4,12 961 10,20 10,7¢ 1L 1418 13,08 17,88 15,84
200 2,4 398 7,38 8,48 4,19 680 1,60 1L 12T 17,67 18,32
600 1,12 443 6,08 7.4 1,87 8,80 9,66 10,06 12,00 1,73 17,84
800 0,31 43 g3 117 1,78 8,67 0.0 10,80 12,1e 1g,80 1819
1000 0,21 4,20 6,8 T3 1,78 g0 w2 1n o 12,8 18,18 19,41
1230 0,2 42 6,80 71,22 7,32 60 WA 1w 13 18,78 20,98
1300 0,21 4,20 f,36 6,91 1,20 g8 w2 1,0 1Y 20,7 22,03
1730 -0,18 3,40 6,03 6,48 6,80 g7 14 14,3 144 2,00 3,93
2000 -0,87 2,9 5,82 6,07 6,39 g,e0 10,48 1470 14,83 2,77 4,2
2030 -1,1 2,13 5,02 512 g, 09 g0 180 13,4 152 3,00 25,12
2300 -2,17 L3 43 3 le 5,87 T2 W78 140 153 23,00 26,04
2748 -3,3 0,21 3,42 413 51 3% 1,80 13,7 1380 24,31 2,40
3000 -2, 0,19 2,31 33 473 L LA WAH o LH 2,10 30,12
3230 27 <022 L% 8 3% 1% 10,0 138 6 2,81 ), 70
3300 -3,80 -LAT 0,87 1% 2,31 T3 10,20 134 183 26,08 L2
3800 4% 21 -0 080 L3 e7% 10,69 13,3 18T B8 0 o
4000 e -0l 042 0,02 0,82 g1 10,1y 13,48 1848 28,43 2,13 3
4300 5,00 20 - 0% -0l 4 10,3 13,99 15 01 R MR-
3000 -6 -3 L3 e 02 3,42 9,30 14,68 1810 0,9 576 ¥
lﬂ?xtﬂd‘:]d‘ {| Ii )

Fig. 11. Modified fuzzy logic map for the quanitity of injected fuel
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Fig. 12. Modified control surface for quantity of injected fuel
Seat Leon (Importierted Version), 379717, Map "Bosch 116" * E=n R <=
L Boost Pressure (FUEL,REM) /mBAR »
g/str | 0 10 20 30 40
rpm 3 13 25 35 45
1] 188 138 148 188 138 148

21 1100 1100 1100 1115 1170 1220 aeenEEEEEE
1008 1100 1100 1100 1115 1170 1220 aeenEnEEEE
1260 1100 1100 1100 1115 1260 1360 e LR
14491 1100 1100 1100 1185 1277 1414 — L

1743 1100 1100 1105 1200 1393 15483 3 3 3 —1 EEE =

1911 1110 1110 1115 1230 1438 1696 50 2150 2150 -.-...llll T
2058 1130 1130 1135 12789 1511 1786 93 2183 2183 -.-..lllll
2247 1156 1156 1165 1305 1581 1851 1 93 Z183 2183 --...lllll
24499 1165 1165 1220 1345 1ee0 18908 2057 2193 2183 2183 .....lllll
2830 1180 1180 1280 1381 1670 1915 Z057 2193 2183 2183 .....lllll
3507 1200 1200 1280 1400 1elQ 1780 2057 2193 2183 2183 .....lllll
38490 1200 1200 1280 1385 1530 1695 2030 217z 2172 2172 ......IIII
4242 1225 1225 1285 1385 1530 1eed4 19EBZ 2070 2070 2070 aasssmB000

44494 1250 1250 1290 1385 1510 1630 1807 1834 1934 ¢ sasmmElEEN B
4746 1275 1275 1295 1389 1500 1600 1783 1793 1783 | EEEE

hlext (2df3dj « | i 5

Fig. 13. Modified fuzzy logic map for the pressure in the intake manifold
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Fig. 14. Modified control surface for the pressure in the intake manifold
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