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ABSTRACT

The aim of this research is to develop an Engine Control
Module (ECM) manipulator module of motorcycle engine, to
produce higher power and torque than standard one. An
Oxygen sensor of narrow band type was used to detect the
oxygen in the exhaust manifold. The narrow band type of
oxygen sensor is used to maintain the air fuel ratio (AFR) at
certain number closed to stoichiometry condition. The
manipulator was located in between oxygen sensor and ECM.
The manipulator is made based on Arduino Nano
microcontroller. Two source codes were developed. The first
source code maintained the combustion in richer condition
(manipulator 1). The second source code maintained the
combustion in weaker condition (manipulator 11). The power
and torque parameters of the test engine was evaluated by
using the dynamometer test. The emission test was carried out
to evaluate the emission’s level. The results showed that the
manipulators developed in this work increased the power and
torque of the test engine. By applying the manipulators the
ECM maintains the AFR at the value of 14.2:1. An ECM
manipulator module based on Arduino was successfully
developed in this work. The rise of the power and the torque
was due to the rise number of the fuel injected to the
combustion chamber as indicated by the rise of the CO and
HC. The emission levels were still under the allowable values.

Key words : Engine Control Module, Arduino, Motorcycle
Engine, Arduino Micro Controller.

1. INTRODUCTION

Engine management system (EMS) is an electronic control
system. According to CHEN et al. [1] electronic control
system enables automotive technology to meet the demands of
fuel economy, emission levels, improvements in the dynamics
and safety of vehicles. The components that make up the EMS
are electronic components such as sensors, relays, actuators
and Engine Control Modules (ECM). These components
work together to control all functions of the engine
effectively. ECM which is a major part of EMS is a computer
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(microchip) for processing input from various sensors in
real-time. ECM consists of hardware and software.

The hardware is a printed circuit board (PCB) on which a chip
(microcontroller) is mounted. Meanwhile, the software is
installed into the microcontroller. It is therefore possible to
replace the ECM by updating the software or by replacing the
chip as needed. Currently, ECM is available as a spare part
that is ready to use. But their existence is not an open platform
so it is almost impossible to get access to develop it.
Moreover, in terms of price, it is still very expensive.

Research on electronic control of engines has been conducted
since the late 1970s. The beginning of this research was based
on the need to save fuel, improve performance and reduce
emission levels. As a system, electronic engine control is a
complex that consists of many sub-control modules. The
factor that determines engine performance from the fuel
consumption and emission levels indicator point of view is the
ratio of air fuel mixture (air fuel ratio or AFR) [1, 2].

By improper AFR settings, engine performance and fuel
efficiency will decrease and at the same time exhaust
emissions will increase. In this case the mixture of air and fuel
needs to be made so that it meets the optimal AFR value
which is around 15:1. All modern automotive engines
currently are controlled by ECM.

In petroleum engines that use electronic fuel injection (often
known as EFI), the AFR control strategy is based on steady
state conditions [3]. This method ignores several factors, i.e.:
vacuum fluctuations of the intake air mass, the effect of
wetting the combustion chamber walls by the fuel and the
effect of time delays in transient states [4]. This will lead to
low control accuracy [5]. However, the development of
control theory and current sensor technology, an accurate
AFR control is achievable. As research by Yildiz, et al. [6],
the average AFR value that combines steady state and
transient conditions is proposed. This is based on observing
the actual work process of a four-step engine.
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Furthermore, the research by Wang, et al. [7], is a predictive
model of AFR control. It is based on a neural network model
used to handle non-linear systems and uncertain parameters.
Using multispeed sampling technique He, et al. [8], made an
engine model and planned a sensor to control AFR based on
injected fuel and exhaust gas dynamics. Then A. Cavina et al.
[9] introduced a closed loop AFR control design using a
spectrum of oxygen sensor signals. The oxygen sensor detects
the oxygen content of the exhaust gas which is then used to
control fuel injection so that the AFR is always on the desired
value.

Today, almost all motorcycle manufacturers in Indonesia
already use EMS on their products. The ECM used is set to
maintain AFR at the value that are close to stoichiometry
conditions. Theoretically, the ideal value of AFR is around
15: 1, however the ideal AFR value does not mean that it
produces the maximum power and torque. The maximum
power is obtained from lower AFR which is around 12.6:1.
This research will develop an ECM manipulator module for
motorcycle engine to produce higher power and torque than
the standard one for certain AFR value. The module will be
built based on an Arduino microcontroller.

Arduino is an open source platform. It makes easy for
practitioners, academics or anyone who wants to learn about
electronics and programming to design various interactive
objects that can communicate with us and the environment.
This is in accordance with the report made by Recktenwald
and Hall [10] about the use of Arduino as a platform for
programming, design, and measurement in engineering
classes. Furthermore Barber et al. [11], used Arduino as a
cheap hardware, to connect Simulink with the control system
tools of the Bachelor Control Engineering course at Carlos I11
University of Madrid. At that time, the control system control
tool was connected to the computer via an expensive Data
Acquisition Card.

The experience of using Arduino for experiments in the
Automatic Control and Robotics laboratory was carried out by
Candelas, et al. [12] at the University of Alicante, Spain. The
conclusion was that the practicum attracted the interest of
students and students gained knowledge about hardware
configuration and programming. Alsmadi, et al. [13] used
Arduino for automatic control of a vehicle's safety device to
prevent collisions. Based on the measurement of the distance
of the vehicle with an object in front of it, the vehicle's safety
device will provide a warning to the driver in several ways.
Arduino-based security devices to locate and switch off stolen
vehicles were made by Kiruthikamani, et al. [14]. This device
is very reliable, inexpensive and friendly. It can help
immediately find a stolen vehicle.

Another example of the use of Arduino in automation and
control is the creation of double robot arms for transportation
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of material in a production line by Chen, et al. [15]. To the
best of Author’s knowledge, there have been very limited
reports on the application of Arduino in the control engine.
Taking into account the potential of Arduino and electronic
control engine, this work will develop the application of
Arduino in the electronic control engine.

2. EXPERIMENTS

The testing engine is a Honda PGM-FI eSP with cylinder
capacity of 108.2 cc and the compression ratio of 9.5:1. An
oxygen sensor of narrow band type is used to detect the
oxygen content in the exhaust manifold. The voltage of
narrow band type of oxygen sensor changes with the change
in AFR as shown in Figure 1, followed from reference [16].
These voltage changes were used by ECM to control the
duration of fuel injection to maintain the AFR in certain
number
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Figure 1: Change in sensor voltage as air—fuel ratio changes.
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The manipulator developed in this work is positioned in
between oxygen sensor and ECM. The original voltage from
the oxygen sensor was manipulated by the manipulator and
transferred into ECM. Based on Figure 1 above, two strategies
of manipulation were selected. The first was to maintain the
combustion on richer condition and the second was to
maintain the combustion in weaker condition. For the
purposes of programming, the two strategies were translated
into following algorithms:

1. If the oxygen sensor voltage is less than 0.4 volts, the
manipulator gives a voltage of 0.45 volts to the ECM else
the manipulator gives a voltage of 0.8 volts to ECM.

2. If the oxygen sensor voltage is more than 0.4 volts, the
manipulator gives a voltage of 0.45 volts to the ECM else
the manipulator gives a voltage of 0.2 volts to ECM.
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Two source codes were built based on the two algorithms by
using C programming language and are installed into
Arduino Nano microcontrollers to be the manipulators. In
this case, two manipulators were produced. The first
manipulator (Manipulator 1) was for the first algorithm and
the second manipulator (Manipulator I1) was for the second
algorithm. Evaluation of each manipulator was conducted on
project board to ensure that it works correctly.

The evaluation was carried out in accordance with a wiring
diagram as shown in Figure 2. A potentiometer was used
instead of an oxygen sensor. The potentiometer was set to give
voltage of AO pin of the Arduino from 0.2 volts to 0.8 volts.
The output voltage of D9 pin was then measured to ensure a
correct voltage as in algorithms.
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Figure 2: Wiring diagram of the manipulator evaluation.

Once the manipulators are working properly, the next step is
installation the two manipulators on the motorcycle. The
installation on the motorcycle is illustrated in Figure 3

After completing the installation, dynamometer and emission
tests are carried out. The dynamometer tests are conducted on
Sportdyno V3.5 to have power and torque for any engine
rotation, while the emission tests are conducted on Heshbon
automotive emission analyzer HG-520 to ensure that the
emissions are on the allowable levels. The dynamometer and
emission tests are performed on a standard motorcycle, the
one with first manipulator and, the one with second
manipulator.
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Figure 3: lllustration of installation on motorcycle.

4. RESULTS AND DISCUSSION

The results of the dynamometer test for powers and torques
are presented in Figure 4 and Figure 5 respectively, while the
emission test results are shown in Table 1.

Table 1: Emission test results.

Testitem Standa Manipulato Manipulato Ideal
rd ri ril
AFR 14.2:1 14.2:1 1421 14.7:
1
CO (%) 0.42 0.57 0.54 <35
HC 128 156 165 <300
(ppm)
CO2 (%) 8.4 9.9 10.3 12-16
LAMBD 0.970 0.967 0.969 1
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Figure 4: Result of dynamometer test in term of power.
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Figure 5: Result of dynamometer test in term of power.

It can be seen from Figure 4 and Figure 5 that the motorcycles
with the manipulators have higher powers and torques than
the standard motorcycle. The manipulator | increases the
power and the torque more than the manipulator 11 does. It is
for sure that the increase in engine powers and torques is a
result of combustion changes in the combustion chamber. The
changes are due to the response of the ECM to the application
of the manipulators.

There are two possibilities of the ECM response. The first one
is the ECM decrease the AFR to have more power and torque
(as it can be seen in Figure 5) or the second one is the ECM
asks more fuel injected to the combustion chamber. In this
case, the second possibility is something that happened. This
is confirmed by the results of exhaust emission tests as the
ECM maintain the AFR at 14.2:1.

The results of the emission tests show that by applying the
manipulators, the ECM maintains the AFR at the ratio of
14.2: 1. According to the work by Najjar et.al. [17], the use of
the narrow band oxygen sensor is that it only measures
lambda about the stoichiometric region without sensing how
lean or rich the fuel mixture is. This is not the ideal ratio.

The chemical formula of gasoline is assumed as C8H18 [18].
The equilibrium reaction (stoichiometry) between fuel and
oxygen is C8H18+12.502=>8C02+9H20. However, dry air
contains 21% O2 and 79% N2. On the other words for 1 mole
oxygen in the dry air, there is 3.76 moles nitrogen. So, the
stoichiometry reaction can be written as C8H18 + (12.5) (02
+3.76 N2) =>8 CO2 + 9 H20 + 3.76 (12.5) N2 or C8H18 +
12502 + 47 N2 => 8 CO2 + 9 H20 + 47 N2. In term of
mass, the stoichiometry reaction needs 400 grams of oxygen
where at the same time 1316 grams of nitrogen get involve.
Therefore, the ideal AFR can be calculated by using Eq. 1:

maze of air _ D mass+N; mass

AFR = —— 1)
mass of gasoling Cgiy g Mmase
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400 + 1316

114
AFR for stoichiometry conditions is 15: 1, which means it
takes 15 grams of air to burn out 1 gram of gasoline (but the
value that is often used in industry is 14.7). This
stoichiometry AFR will produce complete combustion,
known as lambda 1. The complete combustion means the best

emission levels, however it is not the best to produce power
and torque (as it can be confirmed by Figure 6).

The use of the manipulators decrease slightly the value of the
lambda of the standard motorcycle (see table 1). The lambda
value of the standard motorcycle is 0.970. The one with
manipulator 1 is 0.967 and the one with manipulator 11 is
0.69. As per Figure 6, the decrease in lambda value increases
the powers and the torques of the motorcycle. This is in
accordance with the dynamometer tests where the
manipulator I has the smallest lambda on the other hand it has
the largest powers and torques.
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Figure 6: Relationship between lambda and power.

The decrease of the lambda is followed by the increase of HC
content. The HC contents are 128 ppm, 156 ppm, and 165
ppm for the standard motorcycle, the motor with manipulator
I and the motor with manipulator I1 respectively. The ups and
downs of HC levels are produced by the amount of fuel
supplied to the chamber. Poor mixture results in greater HC
levels due to the slow combustion process that occurs so that
the fuel will come out before the fuel burns completely [19].

The decrease of the lambda is also followed by the increase of
the percentages of CO and CO2. The CO content will increase
with the decrease of the lambda as the fuel-air mixture is
richer. While the increase of the CO2 content indicates a
better combustion. The emission test results show that the
strategies of the manipulation in this research are working
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properly. The contents of HC, CO and CO2 of the
manipulator Il show that the mixture of fuel-air is weaker
than manipulator I.

5. CONCLUSION

A conclusion section is not required. Although a conclusion
may review the main points of the paper, do not replicate the
abstract as the conclusion. A conclusion might elaborate on
the importance of the work or suggest applications and
extensions.
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