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Abstract— There are two main categories of combustion condition in the car combustion engine chamber, they are complete and
incomplete combustion condition. The complete combustion condition is obtained when a balance of fuel, airflow, and ignition in the
combustion chamber occurred. It is characterized by the level of elements and compounds contained in the exhaust emissions. The
dominant elements and compounds in exhaust emissions of the gasoline-fueled engine are Hydrocarbon (HC), Carbon M onoxide
(CO), Carbon Dioxide (CO,) and Oxygen (O,). This study aims to establish a system that is capable of identifying the combustion
category of automobile engine through exhaust emissions. This emissions data was procured using gas multi-sensor processed by a
Fast Fourier Transform (FFT) process and constructed in the form of the data pattern. The identifying process of the combustion
category was done by comparing the detected data pattern with a reference data pattern utilizing the Sum Square Error (SSE)
method. Trials had been conducted on some gasoline and Pertalite cars for carburetor and injection systems. Thetrials result showed
that the system accuracy in identifying the category of complete combustion was 87% and the incomplete combustion category was
77%.

Keywords— exhaust; data pattern; car combustion; combustion category.

I. INTRODUCTION on the diagnostic result of installed sensor data in the vehicle

Car owners always want their car to be in the optimal exhaust emissions chanpel in.tegrated Wit.h the Engine
state. To get into this condition, they will regularly take their Sontrol Unit (ECU) [S]. This engine scanner is mounted on
car to an auto repair shop for some services, one of which id€ connector as an interface system, and only available in
combustion engine category tune-up. Combustion enginetN€ Car injection system. _ _
tune-up is a mild service activity taken onto the car to obtain _However, the tune-up of the car combustion engine
the desired combustion engine category. This combustionc@ruretor system is performed manually, and based on the

engine tune-up is done in order to reach the engine conditionMechanic’ experience. Here, there is no definite indicator
with maximum power, efficient in fuel consumption, and by used whether the desired combustion engine conditions are.

the emissions level thresholds, [2]. Identification of combustion engine conditions through

The desired category of the combustion engine is the €xhaust emissions is required as an indicator aid for the
complete combustion category, in which case there is amechanic during the tune-up process for both cars carburetor
balance between airflow, ignition, and fuel [3], [4]. On the SyStem and injection system. The work of this system is
other hand, the category of incomplete combustion is thePased on the content of elements and compounds presented

opposite. To achieve this entire combustion engine category" the exhaust emissions in determining the combustion
requires a definite indicator which is understandable by the ENgin€ category. There are several elements and compounds

mechanic during the tune up process. in motor vehicle exhaust emissions that will determine the

The tune-up process of a car combustion engine with ancategory of the combustion engine. In the exhaust emissions
injection system is carried out by a mechanic using of the gasoline-fueled vehicle, the most significant roles in

diagnostic tool often called the engine scanner unit. This determining the combustion engine category are carbon
system can detect and simultaneously assist the process dfonoxide (CO), carbon dioxide (CO2), hydrocarbon (HC)
the combustion engine tune-up in setting the fuel amount, aira"d 0xygen (02), as shown in Table 1 [5]-[7].

and ignition of the vehicle. Engine scanner unit works based
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The magnitude value of each detected element and gashe ways in showing the characteristics or certain
compound will differ between the complete combustion characteristics of indexed information from time to time.
category and the incomplete one [7]. Therefore, this studyThe data pattern is contained of information related to the
aims to develop a system that is capable of identifying thedesired condition within a specified time range [14]. The
combustion category on gasoline drattalite-fueled engine similarity between the 2 data can be carried out by
cars by comparing the data pattern of exhaust emissiongalculating the margin value between the two of them. One
reference with the detection result using the Sum Squareof the methods applied is the Sum Square Error (SSE). The

Error Method (SSE). SSE method will calculate the difference in reference data
TABLE | with the data being tested. The smaller the SSE value, the
THE CONDITION AND THE TYPE OECOMBUSTION ENGINE. more likely or similar the data will be [15]. Following is the
Elementsand Gas . . SSE formula. Here is the SSE formula.
Engine Combustion
compounds Conditions i=
CO[ co2| HC| O2 SSE = %iZ5(xi — yi)?1) @)
H L H H Incomplete
H L H L Incomplete Where,
L L L H Incomplete SSE is the sum of the error squared values,
L H L H Incomplete xi value of magnitude to i of reference data,
H L M H Incomplete yi value of magnitude to i of test data.
H H H H Incomplete
L L H H Incomplete Il. THE MATERIAL AND METHOD
L H L L Complete L . .
H=High, L= Low, M= Medium Exhaust emissions are the residual produced during the

combustion process inside the internal and external

Based on Table 1, the complete combustion engine has @&ombustion engine discharging through an engine exhaust
low level of HC and CO, a high level of CO2 and a low level system. Gasoline-fueled car exhaust emissions contain
of O2. It also produces exhaust emissions levels by theseveral dominant elements and compounds such as HC, CO
standard limit of allowed exhaust emissions. However, in and CO2 and O2 [1], [2], [16]. These gas elements and
Indonesia, based on the Minister of Environment Decree, Nocompounds  significantly affect engine performance.
5, the year 2005 for gasoline-fueled motorcycles, the Excessive exhaust emissions indicate fuel wastage, resulting
maximum level for CO is 5.5% and for HC is 2400 part per in an incomplete combustion engine.
million (ppm) [8]. Electronic fuel injection engine utilizes electronics

The levels of elements and gas compounds presented isystems to automatically regulate the airflow, fuel and
the air can be detected by using electronic sensorignition systems for complete combustion condition. It is
components. The work of this sensor is based on theproven by the lower level of exhaust emissions and it's
resistance changes on sensitive sensor component against tie@vironmentally friendly[16], [17]. On the other hand, the
changes on elements and compounds in the air. With such &ngine with carburetor system, setting system, air flow
voltage value, it will represent the level of elements and regulation system, fuel, and ignition was still carried out
compounds presented in the exhaust emissions [9][8] mechanically or electromechanically in order to get
sensor needs response time to detect all the elements anebmplete combustion category. To detect the elements and
compounds in the air maximally. As a result, there is a compounds contained in exhaust emissions, several sensors
fluctuating change within a particular time frame in the form were used such as the @as sensor using KE-50, €0sing
of the signal in the time domain. MG 811, CO using MQ 7 and HC using TGS 2202], [13].

The significant process in digital signal processing is to Then, the sensor component was assembled with electronics
analyze an input or output signal in order to measure thecomponents as a signal conditioner, as seen in Figure 1.
characteristics of a particular physical system of signals. The
synthesis and analysis process in the time domain requires a

reasonably long analysis by involving the function

Lt |

derivatives, which can lead to inaccuracy on the analysis
results. The signals synthesis and analysis will be more
accessible to be performed in the frequency domain, >
concerning the most determining quantity of a signal is the ==
frequency. Therefore, to work on the frequency domain, it =
requires an appropriate formulation so that the process of
signal manipulation is by reality. One of the techniques used
in analyzing the signals is to transform (to alter) the signal
which is originally analog signal into a discrete one within a
time domain, then converts it into the frequency domain.
Taken into account, the Fourier Transform is a
transformation model that decomposes a spatial domain
signal or time domain signal into a frequency domain signal.
By using the Fourier transform, the signal can be seen as an
object in the frequency domain while pattern data is one of

00

Fig. 1 Q, CQO,, CO and HC sensor series [12], [13].
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Then continued to signal processor consisting of an
analog data reading process with certain sampling as viewed
in Fig. 2.
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Fig. 2 Multi-sensor data reading program

Here, Figure 5 views the overall block diagram of the
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Fig. 4 SSE Program for Identification

The next step was Fast Fourier Transform (FFT) and wasProgram.

conducted to change the sensor detection data of the time
domain into the frequency domain with certain magnitude
values, as shown in Fig. 3. Stages of making data patterns
were to get a unique pattern characterizing combustion
engine category. The data pattern was obtained from the
FFT process by choosing unique frequency characterizing
this combustion engine category. Afterward, the result was
taken as a reference data pattern. The identification process
was done by comparing the occurring error value between
the detection data pattern and reference data pattern utilizing
the Sum Square Error (SSE) method. The system final result
would display the decision whether it was the complete
combustion engine category or the incomplete one.
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Fig. 3 FFT Process Program

Figure 4 below shows the graphics program in identifying
and comparing SSE value.
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Fig. 5 The overall system program

Figure 6 illustrates the interface between the user and the
system in the virtual instrument format.

O - o P
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Fig. 6 Virtual Instrument system using a LabView program

The design of the system made in this study implemented
hardware and software taken from National Instruments and
other electronics components. The hardware used was Field
Programmable Gate Array Logic (FPGA) myRIO
Meanwhile the software used for FPGA myRIO
programming was LabVIEW, which was supported by the
available libraries [18], [19].



This system was an electronic nose (e-nose) consisting of

A g > h - 30 Magnitude (mV)
gas multi-sensor and integrated signal processing in an — HC
embedded system, and a PC or laptop as a display systenr 25 4\ co
The testings had been done on certain types of car brands ;| co2
such as Toyota, Honda, Suzuki, Nissan, Hyundai, KIA and —02
Daihatsu, the gasolinértalite-fueled with carburetor and 15
injection systems from different manufacturing years. 10
s R
I1l. RESULTS ANDDISCUSSION
The system was an embedded one composed of an inpu 135 7 9 1113 15 17 19 21 23 25 27 29 TestTo

system in a multi-sensor and a primary multi-sensor. The
sensor used was consisted of KE 50 sensor foMG 811 Fig. 8 Multi-sensor response of a gasoline-fueled and car carburetor system
sensor for CQ MQ 7 sensor for CO and TGS 2201 sensor with incomplete combustion

for HC. The signal conditioning circuit was the interface
between the multi-sensor and the main system. Regardless The mean value for each sensor; HC = 4.02, CO = 2.25,
this main system consisted of an input integration system,cOZ =14.69 and @= 2.09.

FFT process, pattern making, identification system, and data 30 JMagnitude (mv)

reference. Hence, it was designed to be integrated on the e HC

MyRio FPGA module of the National Instrument. 2 —CO
Meanwhile, the output display system utilized Laptop or 20 "Wcoz
Personal Computer (PC), as shown in Figure 7 for the v\/\/\/\_ﬁ/

system made. Here, the object of this study was the exhaust 02
emissions of gasoline andPertalite-fueled car with 10

carburetor and injection systems. . g § E E

0 +—r—rrrrrrrrrrrr T

1 3 5 7 911131517 192123252729
Test To

Fig. 9 Multi-sensor response of a gasoline-fueled and car carburetor system
with complete combustion

Based on the sensor response result in Fig. 9, the mean
value for each sensor was HC = 3.86. CO = 1.87, €0
12.67 and @ = 1.89. Figure 10 and 11 illustrate a multi-
sensor response for Rertalite-fueled and car carburetor
system with both complete and incomplete combustion
category system.

Magnitude (mV)

30
e H C
25
Fig. 7 Overall system integration o
20 _%#%—COZ
A. Multi-sensor Response Testing Result on Exhaust is 02

Emissions Level.
10

The purpose of this testing was in order to obtain the
response format of each sensor onto the level of elements 5 W
0

and compounds presenting in the exhaust emissions. These
testing were carried out on cars with both complete and
incomplete combustion engine category. Complete
combustion category car was a car that had been tuned up by Test To
a meChfamC and in conirast to |nc'omplet.e combustion OneFig. 10 Multi-sensor response of Rertalite-fueled and car carburetor
where it had yet undergone this tuning up and Was system with incomplete combustion
ascertained by a mechanic. The testing was performed for 30
times on each type of the car in a certain time range or where The mean value for each sensor was HC = 4.02, CO =
no more exhaust emissions presented in the sensor room. 2.25, CQ = 14.69 and @= 2.09.

Figure 8 and Figure 9 show a multi-sensor response for a
gasoline-fueled car with a carburetor system of both
incomplete and complete combustion category.

1 3 5 7 911131517 192123252729
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Magnitude (mV) Based on the sensor response result in Fig. 13, the mean
value for each sensor was HC = 3.54, CO= 1.79, C02=12.92
25 and O2 = 1.72. Figure 12 and 13 view multi-sensor response
20 —co for a Pertalite-fueled car and injection system with both

VNVUANA b Q 0 complete and incomplete combustion category system.
15

30

10 i 9
30 Magnitude (%)
5 -@M e HC
25
0 -—————————————————————————— co
13 5 7 9 11131517 19 21 23 25 27 29 20 -W—Wcoz
Test To 15 02
Fig. 11 Multi-sensor response of Rertalite-fueled and car carburetor 10
system with complete combustion ;g : E : : : 2 Q a
5 4
Based on the sensor response result in Fig. 11, the mean 0
value for each sensor was HC = 3.86, CO= 1.87,=CR67 13 5 7 9 1113151719 2123252729

and Q = 1.89. Figure 8 and 10 show the differences in
magnitude sensors between gasoline-fueled Rerthlite-
fueled cars. For gasoline-fueled cars, there were fluctuationsFig. 14 Multi-sensor response of a gasoline-fueled and car injection system
in CO2 value changes which was relatively high compared With incomplete combustion

to Pertalite-fueled ones. In contrast, Figure 9 and 11 show . _ _

the value changes of each sensor for complete combustiorbgzlgu{g’ ég erllcc)ng_tge;gean value of HC = 3.86, CO = 2.32,
engine conditions where the fluctuations of these changes T e

Test To

are relatively smaller in th@ertalite-fueled cars than the 30 Magnitude (%)

gasoline-fueled ones. e HC
Furthermore, a multi-sensor response test for the gasoline- 2 co

fueled car injection system with an incomplete and complete 20 ——CO2

combustion system was performed. 15 IINASSAANA e o

Magnitude (mV)

30
10
e H C
25 1\
\: d { } D 7 co 5 - A /
20 A —
coz 0 +r-—rrrrr—rrrr—rr—
15 02 13 5 7 9 1113151719 21 23 25 27 29
10 Test To
ST v ) ) Fig. 15 Multi-sensor response oPertalite-fueled and car injection system
0 rrrrrrrrrrrrrrrrrrrrrrrrrrrrri WlthcompletecombUStlon
1 3 5 7 9 111315 17 19 21 23 25 27 29 .
Taken from Figure 15 the mean value was HC = 3.16; CO
Test To = 1.69; CQ = 10.7 and @ = 1.39. When the complete
Fig. 12 Multi-sensor response of a gasoline-fueled and car injection systemCOMbustion engine Cond|t_|0_n5 QCCU”ed, the magnm{de value
with incomplete combustion of each sensor for a car injection system was relatively low

_ compared to the car carburetor system. This shows that the
The mean value for each of the response was HC = 3.93jey¢| of exhaust emissions for the car injection system is

CO =3.55, CQ=15.7 and = 3.96. better than a car carburetor system. The magnitude

30 Magnitude (mV) difference between the complete combustion engine
—HC condition and the incomplete one resulted in differences in

25 o magnitude values and the displayed data patterns.

20 -Wwﬁv—coz B. The Making of Reference Data Pattern

15 02 The identification process of the combustion engine

10 category was done by comparing the detected data pattern
with the reference data pattern. The later is a comparative

5 w data pattern for both categories of complete and incomplete

o - - - combustion. Figure 16 shows reference data patterns for

13 5 7 9 1113 15 17 19 21 23 25 27 29 Pertalite-fueled Honda Mobilio car manufactured in 2015.
This pattern referred to the complete combustion category
TestTo data pattern.

Fig. 13 Multi-sensor response of a gasoline-fueled and car injection system
with complete combustion
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There were eight magnitude data patterns which were the
extracts characteristic of the complete combustion engine
category. The reference data pattern was obtained from the

TABLE Il

THE DECISIONRESULT OFCOMBUSTION CATEGORY BASED ONV ARIATION
OF SSEREFERENCEVALUE ERROR OFHONDA MOBILIO MANUFACTURED IN

FFT process of the sensor signal in the frequency domain.
Each magnitude showed the magnitude of the element

content and the detected compound. Figure 16 and 17 ar

patterns of data used as reference data. Here, the referenc

data is comparative data as a result of the identification

process. Comparison of reference data with detection data

yields the difference value of the error value.

Magitude (mV)
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Patern To
Fig. 16 Reference data pattern Rértalite-fueled Honda Mobilio Car
manufactured in 2015

Figure 17 shows the reference data format for some types

or brands of cars in Indonesia.
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700 1 Hyunday Avega 2010
600 -
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500 -
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300 A
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0 - rnTo
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Fig. 17 Reference data pattern of complete combustion on several car
brands

2015.
SSE Value Decision Result

0.40 Incomplete
0.30 Incomplete

i 0.20 Incomplete
0.10 Complete
0.09 Complete
0.08 Complete

From the testing data in Table 2, the SSE reference value
error was set to maximum at 0.1. Subsequently, the
reference data pattern and SSE value error determination
were made for several vehicle types as shown in Table 3.

TABLE IlI
DETERMINING THE CAR SSEVALUE WITH DIFFERENTY EARS OF
MANUFACTURE
Type of car SSE value error
Hyundai Avega 2010 0,15
Toyota Corolla 1995 0,2
Suzuki Escudo 1995 0,19
Honda City 2003 0,18
Honda Mobilio 2015 0,1
Toyota Avanza 2014 0,12
Daihatsu Xenia 2010 0,15
Nissan Grand Livina 2015 0,14
Datsun Go Panca 2016 0,13
KIA Picanto 2016 0,16

D. Identification Test of Engine Combustion Category

The identification test was carried out onto cars which
were their combustion category had been classified already.
It was intended to determine the system ability in identifying
the combustion engine category. This testing was conducted
to cars which had been recognized having both complete and
incomplete combustion category. The identification test of
the complete combustion category can be viewed in Table 4.

This reference data pattern was stored in the system as a
database, and selected according to the type of car to be
tested. Then, the magnitude value of this reference pattern
was compared to the magnitude value of the identification
data pattern to get the SSE value.

C. The Making of Reference Value Error

Then it continued to set out SSE reference value in order
to determine either it was a complete or incomplete
combustion category. Table 3 shows the decision results of
the combustion engine category based on the variation of
SSE reference value changes oHonda Mobilio
manufactured in 2015
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TABLE IV
IDENTIFICATION TESTING RESULT OFCAR WITH COMPLETE COMBUSTION
CATEGORY
Number of Tests Identification System Result
1 Complete
2 Complete
3 Complete
4 Incomplete
5 Complete
6 Complete
7 Complete
8 Complete
9 Complete
10 Complete
11 Complete
12 Complete
13 Complete
14 Complete
15 Complete
16 Complete




TABLE VI

17 Complete
IDENTIFICATION TESTING RESULT OFSYSTEM AND MECHANIC ON
18 Complete UNKNOWN COMBUSTION CATEGORY
19 Complete No | Tvpe of Car Identification Identification by A
20 Complete P System Result Mechanic
i; gzzg:zg 1 Isn)ifg%n Complete Complete
23 Complete 2 Isn)ifg%n Incomplete Incomplete
2 Complete 3 Carburetor Complete Incomplete
25 Incomplete System P P
22 gomp:eie 4 gssr?ﬁg]etor Incomplete Complete
omplete
28 Incomplete 5 g;tsr?;r;etor Complete Complete
29 Complete 6 Injection Incomplete Incomplete
30 Incomplete System P P
7 Carburetor Incomplete Incomplete
From the testing result seen in Table 4, the success rate af System
the system in identifying the complete combustion category| g garburetor Incomplete Complete
was 87%. Table 5 is the identification test of incomplete Iyst?_m
combustion. From 30 times of trial test, a 77% success rate 9 Srﬁfe'r?]n Complete Complete
of system identification was obtained. Carburetor
The next test was the identification test of the combustion| 10 System Incomplete Incomplete
engine category on several cars that yet had their combustio
category. The testing subject was gasolinePertalite- Table 6 illustrates the comparison between

fueled car with carburetor and injection systems. The testingjqengification test result derived from the system made and
was carried out simultaneously on the identification of the {4e one from the mechanic. Hence there was a difference

system made and identification taken from the mechanicyhich was equal to 30%. Thus, this system was a success in
with the aids of an engine scanner unit.

TABLE V
IDENTIFICATION TESTING RESULT OFCAR WITH INCOMPLETECOMBUSTION
CATEGORY
Number of Tests Identification System Result
1 Complete
2 Incomplete
3 Complete
4 Incomplete
5 Complete
6 Complete
7 Complete
8 Complete
9 Complete
10 Complete
11 Complete
12 Complete
13 Incomplete
14 Complete
15 Complete
16 Complete
17 Complete
18 Complete
19 Complete
20 Complete
21 Complete
22 Complete
23 Complete
24 Incomplete
25 Incomplete
26 Complete
24 Complete
28 Incomplete
29 Complete
30 Incomplete
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identifying the combustion engine category which was equal

to 70%. During the identification process, the mechanic

utilized engine scanner unit as an aid in detecting the
category of car combustion engine injection system, and in
another hand used the manual way for the car carburetor
system.

V. CONCLUSION

Referring to the results and analysis data conducted by
this study, it can be summarized as follows: Multi-sensor
response is capable of displaying the role of elements and
compounds level in determining the category of the
combustion engine. There is a magnitude value difference in
the obtained data pattern between complete and the
incomplete combustion category on some cars with different
brands, manufactured years, fuel flow system and type of
fuel used. As a consequence, there is a difference in
maximum error value in deciding on each tested car to get
the desired identification results.

The system accuracy level in identifying the complete
combustion category was 87%, and the incomplete
combustion category was 77%. Besides that, there is a
difference in the identification result of the combustion
engine category by 30% between the identification results of
the developed system with the result conducted by the
mechanic.
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