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Abstract— The development of internal combustion engine always facing with the knock problem.,
Indeed, the characteristics of a motor engine itself is determined by the knocking issue. In this study, a
method of knocking detection through simple microphone sensor has been developed. It incorporates
discrete wavelet transformation (DWT) analysis and the regression function of the sound wave envelope
to identify the occurrance of knock. After detecting the knock, a 3D engine ignition chart (characteristic)
can be created as demonstrated in this paper.
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I. INTRODUCTION

A knocking characteristic chart of an internal combustion engine is important to gain higher efficiency as the
time immediately prior to the knock occurence is when the motor engine has its highest capacity. A petrol
engine is an internal combustion engine that works based on the four-stroke cycle using regularpetrol fuel and
an ignition system. This kind of motor is powerful and lightweight. Therefore, it is widely used for small
engines with a capacity below 100 kW. The latest models the engine give a total fuel efficiency around 25%.
Various parties continue to strive improvement for its power and efficiency normally through raising the
compression ratio (CR) and fuel quality. Now, CR of about 10 and standard fuel quality based on octane rating
(RON) has reached of about 98. However, ongoing efforts to improve the power and efficiency of the four-
stroke internal combustion engine are always hampered by the occurrence of knock problems.

Knock is a phenomenon that is quite complicated to explain. However, to put it simply, misfiring that
occurs by itself (auto ignition) during the compression stroke, will cause the engine to vibrate strongly, and will
cause decreased power, overheating, and a waste of fuel; the engine will quickly become damaged. This knock
will also occur when lower quality fuel is used and when ignition starts too early. However, when the timing of
the ignition is too late, the engine power will decrease drastically. Therefore, the timing of ignition is always
arranged so that it occurs as soon as possible, but not until knock occurs. Detection and identification of knock
was carried out using a new method which uses a microphone sensor to record the engin€'s vibration signals,
along with the use of DWT for filtering, and envelope-making functions to portray the vibration patterns
combined with regression for identification of knock vibration patterns, recognition and decision-making
procedures that provide output that is able to provide a conclusion by calculating the Euclidean distance
benchmarked against areference [1].

There are a variety sensors that can be used to detect detonation, of which the most accurate are pressure
sensors inside the cylinder [2]. However, these sensors are expensive and not durable. Currently, the most widely
used type is the vibration sensor (knock sensor) in the form of an electromechanical accelerometer, and there is
also a piezoelectric accelerometer [3]. These sensors are also often troublesome because, being attached to the
engine, they are affected by its heat and sometimes their screws can work themselves loose. Optical sensors with
aquartz lens inside the combustion chamber are often restricted by the presence of crust on the chamber’s surface
[4]. Anion current sensor in the combustion chamber [5], [6], is often restricted by the electrode getting burnt.
This study used a microphone sensor, which is inexpensive and unaffected by engine heat, although there is alot
of noise that must be dealt with carefully when processing the signal.
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Processing of the signals from the sensors needs to be carried out first, so that the detonation signal can
appear more clearly. The engine’s vibration frequencies are recorded from 20 Hz to 20 kHz, while the frequency
of detonation is approximately 5 to 10 kHz [2]. It is therefore necessary to conduct the filtering first. Filtering
can be donein several ways, including: conventionally, with a band-pass- filter [2]; the Kalman filter method [7],
the DFT (Discrete Fourier Transform) method [3]; time-frequency analysis based on the Wigner distribution [8];
the real signal mother wavelet method [5]; and the fuzzy-wavelet method [9]. The filtering technique used for
this study was wavelet decomposition (DWT) and wavelet packet reconstruction as required.

Identification to determine the occurrance of detonation can be carried out based on the intensity and
recognition according to the vibration pattern. Widely used detection methods involve the intensity of detonation,
which include: the LKI method of (Logaritmic Knock Intensity) [10]; the DKI method (Difference of Knock
Intersity) [11]; the ARMA method (Auto Regressive Moving Averages) [12], [13]); the multiple regression
method [14]; the cross-correlation method [15]. The vibration pattern identification method using an
accelerometer sensor on the engine [16] used wavelet. In this study, the identification of a wave pattern envelope
that had been regressed was used along with an Euclidean calculation of distance as areference.

The purpose of this study is to propose fo a new methods in creating an ingition timing chart of an engine by
using microphone. Sound signal collected by microphone is then processed through DWT agorithm for filtering,
in making a function envelope to portray the vibration patterns combined with regression anaysis for
identification of knock vibration patterns. Later, it becomes a basis for decision-making procedure that provides
output that enables a conclusion to be reached by using the Euclidean distance calculation to set a benchmark as
areference.

A. Discrete Wavelet Transform Filter (DWT)

Engine sound signals captured by microphone sensors need to be filtered in order that the detonation signal
can be extracted. It can be done using the DWT technique, namely the approach of multiresolution analysis
(MRA) can be conducted quickly to make an agorithm for the filtering (filter bank) to compute the orthogonal
wavelet coefficients, followed by decomposition and reconstruction techniques that will be able to make the
DWT technique as alow-pass filter (LPF ) and a high-passfilter (HPF) [17].

Figure 1 shows the decomposition of a rapid discrete wavelet transformation provides two components of
the filter into alow-passfilter (LPF) and a high-pass filter (HPF). For the input signal to the LPF and HPF a0: it
will produce output [17]:

a,[n]=a,*h[2n] and d,[n]=a,* g[2n] )

~—{aHbzlem R

—— ln]

Figure 1: Mechanism of theinput signal isfiltered at decomposition and re-incorporated in the reconstruction [13]

agln)

This is essentially transformed into a filter system, which consists of two filters, namely: the wavelet filter
which is a high pass frequency filter or High Pass Filter (HPF) and the scale filter which is a low pass frequency
filter or Low Pass Filter (LPF). Besides this, the scaling filter is the mean filter and the wavelet filter is the
detailed filter, which can be seenin Figure 2 .
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Figure 2: Structure of the discrete wavelet filter bank [18]

B. Detonation Wave Pattern

The detonation vibration wave pattern has aready had a lot of researchers who have worked on it, including
work on the characteristics of detonations that create the wave patterns as shown in Figure 3: Chun [2], Revier
[19], Brecq et.all [20], (Behren et.all [21]) that have similar patterns shapes.
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Figure 3: Detonation vibration wave pattern shape

A mathematical model for the detonation vibration wave pattern envelope shape was developed by, among
others: Zadnik et.all [22] and Yang et.all [23] as shown in Figure 4.

aF

t— t—1
w,(t) = 02 Exp(— S +1) O(t —to,p)

Tp

Zadnik et.all [22]
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Figure 4: Detonation vibration wave pattern envelope model

5(t) =

A comparison between normal engine vibration wave pattern and the detonation pattern is stated by, among
others. Samimy et.all [24], Merolaet.al [4] and Malinaro, et.all [25], as shown in Figure5.
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Figure 5: Comparison of Normal (No Knock) and Detonation (Knock) vibration wave patterns
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C. Charactyerigtic of an Internal Combustion Engine

An internal combustion engine, in order to provide maximum power and high efficiency, needs there to be a
setting for the amount of fuel flow, the amount of air flow through the carburettor or injector throttle and ignition
timing (spark advance). The most crucia thing is setting the ignition timing because the amount of spark advance
depends on several factors, in particular: the number of revolutions and the size of the throttle valve opening,
whereas improper ignition timing will reduce motor engine' s performance. When the ignition is late, alot of fuel
is not burned so the power output is small fud is wasted. When the ignition detonation occurs too quickly, the
result is hard engine vibration, reduced power, wasted fuel, and the engine could be damaged. On the other hand,
the engine will provide maximum performance when it is operated at around the time immediately prior to the
detonation, which is referred to as the optimum ignition timing. The optimum ignition time is when detonation
(knock) starts to be heard and is then pushed back 2 CAD (crank angle degrees). This moment is a time limit
(margin) when it safe to give the MBT and is called the area of KL-MBT (knock-limited maximum brake torque)
[26]. Therefore the chart of these characteristics provide the limits of the work area on ignition timing that gives
maximum power and also can avoid the occurrence of a condition in which thereis big detonation (knock) .

The optimum ignition time is a unique characteristic of a motor engine, which takes the form of a 3D data
chart which is the location of the optimal ignition timing (spark advance) with the axis: high number of
revolutions (engine speed), size of throttle opening (load) and ignition timing (spark advance ), such as the
example shown in Figure 6.

Advance angle

Figure 6: Characteristics of the 3D diagram of the spark advance (angle) [27]

1. RESEARCH METHOD

The study was conducted by recording the sound of the engine while the vehicle was running and with
particular settings in terms of gear, road speed, engine RPM, clutch and accelerator, that produced detonation
(knocking). The vehicle used was a 1995 Suzuki 1600 cc. The engine was mounted on an Engine Test Bed
(ETB), asshown in Figure 7.

@
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Figure 7 : Engine Test Bed (ETB) System : (a) picture, (b) schematic

The process of data collection and processing is as follows: the microphone is mounted close to the engine
and the ignition timing signal is connected to the data acquisition tool and recorded onto a computer at a speed of
44.1 kbps for the purposes of sampling. The recorded signals that are obtained are then filtered using the DWT
technique. A 2 level decomposition (a,d - aa,ad;da,dd) is conducted with the DWT and areconstruction (ad + da)
is conducted, thus producing a signal corresponding to the band-pass-filter with a frequency of about 5 kHz to 15
kHz [18]. The crank shaft position signal is aso recorded onto the computer, as shown in Figure 8 (a). Then the
detonation signal is combined with the crank shaft position signal so that sampling for each ignition cycle of the
4-cylinder is carried out.

@

(b)

Figure 8: Diagram of detonation signal processing (knock)

Data from this 4 cycle signal sampling are then cut into sections (windowing) in accordance with the pattern
of ignition in each cylinder, so then the patterns of vibration that occurs can be identified. In thisidentification, an
envelope wave is made which is the the outer shell of the vibration pattern. An interpolation/regression is later
conducted on the envelope pattern obtained in order to get a clearer pattern form. The shape of this regression
wave pattern will be identified by means of classification by calculating the Euclidean distance as the reference. If
the shape of the pattern is closer to the shape of the detonation pattern, then there has been a detonation
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(knocking). On the other hand, if the shape of the pattern is closer to the shape of the normal vibration pattern,
then there is no detonation (no-knock) as shown in Figure 8 (b).

The 3D chart of the intensity of the characteristics of detonation (knock) is generated by running the engine
at a steady rate of revs (throttle valve opened) which is adjusted, when the ignition timing (spark advance) is
varied, which is advanced until detonation. At this time the following are noted: number of revs, power (torque),
the size of valve openings and large spark advance (ignition timing).

[1I.RESULT AND DISCUSSION
All paragraphs must be indented. All paragraphs must be justified, i.e. both left-justified and right-justified.
I dentification knock waveform
A. Identification knock waveform

P
1 J||| ||HI |
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Figure 9: (a) microphone sensor signal recording, (b) Results of DWT analysis, (c) Sampling 4 ignition cycles, (d) regression of the function
envelope that are normalized from oneignition cycle

From the results of the recording of the microphone signals, as shown in Figure 9 (@), the input signal from
the detonation (knock) is captured and the eye can not identify any knock . But on Figure 9 (b) filtering results
with DWT, therefore the detonation vibration pattern is visible. Figure 9 (c) sampling and windowing for one
ignition cycle. Figure 9 (d) for 1 cycle 1 cylinder, the signal is normalized and function envelope regression is
created to make a clear wave pattern shape and it is fairly easy to identify detonation (knock) with the
calculation of the Euclidean distance as the reference signal.

B. Engine charachteristics
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Figure 10: The results of the measurement of detonation at certain RPMs

Figure 10 is a characteristic level of engine knock which is the result of the measurement of detonation
(knock) in particular with alarge spark advance that is varied, which shows that for a particular rate of rotation,
the greater spark advance results in greater power being generated. But if the spark advance is increased,
detonation (knock) will occur, which initially will be small and increasing. For larger rotations, power will aso

increase, although there is also a maximum, i.e. a a rotation of about 2,500 rpm and about 30-40 degrees of
spark advance, this results in maximum output power.
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Figure 11: Chart of the engine characteristics to limit the optimum spark advance (KL-MBT)

Figure 11 is generated from the processing of the data from the knock characteristics for different degrees of
throttle opening. This graph is the location of the position that is the limit of the KL-MBT spark advance, the
optimum ignition timing before the detonation, which can generate maximum power. So it is a chart of
maximum engine performance characteristics. A subsequent use is the using this chart as a reference (setting
point) for the optimum ignition timing control in avariety of operating conditions.

1'V.CONCLUSION

From the research that has been carried, it can be concluded that: for detecting the knock occurence, an
inexpensive microphone can be used. With the help of a signal processing technique of DWT , regression of the
function envelope and Euclidean distance calculations for identification of knock, these can be used later to
create a 3D chart of an internal combustion engine’s characteristics. The results of this chart can then be used as
a benchmark (setting point) to control the ignition timing so that the engine can work optimally, but also avoid
knock problems.
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