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1. INTRODUCTION

In laboratory works, it is still often found measurement error and error reading of measuring
instrument. Measurement error during the laboratory causes the measurement data to be incorrect. Laboratory
practice with wrong trial data should be repeated. Furthermore, it is also found similarity of experimental
data of laboratory practice participants with each other, which causes the truth of the experimental data
doubted. The problem that occurs in the implementation of laboratory works is how the participants are
capable to know the results of laboratory measurement, whether it meets standards in the scale of theoretical
calculations. If there is a significant difference between the experimental results and the results according to
calculations, then the laboratory works participants can repeat or check the experiment series [1-11].

The results of invalid laboratory measurements can be caused by error in recording on paper, error
in arranging laboratory module and error in reading measuring instrument [12-14]. This may lead to error in
the measurement, errors in reading measuring instrument as well as the circuit. Finally these can result in
invalid or inaccurate data. Figure 1 shown the mechanism of laboratory measurements conducted by students.
Some deviation measurements could come from human error ability whenever they doing his works during
measurement. Moreover, false measurement could happen and they need repeated their works or matched
back they results with the references. Therefore, inaccuracy and takes times has leads onto drawbacks of
manual system for laboratory measurements. To gain high accuracy of the measurement result and error in
reading of measuring instrument or cheating practice measurement data, a data acquisition system (DAS)
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is required. Some studies on DAS have been conducted by previous researchers, among others: data
acquisition system using fuzzy logic which is functioned collecting sensor data received from many sources
selected and forwarded to Enterprise Service Bus (ESB) [15, 16]Another study deals with diagnosing system
alarms in anesthesia patients by using fuzzy logic based decision support system (DSS) [17-20]. This current
research focuses on fuzzy logic based DAS application to detect the level of laboratory measurement error.
This system is able to decrease error percentage of measurement result of laboratory module. The design and
making of data acquisition system are done by using fuzzy logic as decision of data selection of experimental
result which has minimum mistake.

e Tab Module N

h
) AN
x ﬁ I 1. Human Error
2. False Measurement

A Lab
ssistant Lal Results 3. Need References/Standard

Theory/References
I 4. Need Time
; Ty A
m‘

Students
(. J

Figure 1. Manually laboratory measurement conduted by students

2. RESEARCH METHOD

As shown in Figure 2, the DAS is developed as a tool which is capable to read the practical
measurement from analog scale to digital information one. DAS is built using fuzzy logic method that serves
to display the level of accuracy and choose the measurement results that have the least percentage of error.
So, DAS is able to read the voltage and current measurements and process it by using fuzzy logic method to
select the measurement results which have the least level of error. The laboratory work participants can
reduce measurement error and store measurement result in web server. The model of this study uses several
supporting components as an integrated system. The data acquisition section is a reader of a voltage or
current analog signal and converts into a digital signal, then read by Arduino in order to be processed by
a computer [21-23] .The physical signal reader is a voltage sensor and ACS712 IC current sensor.
Web server application used in this study is XAMPP. The program used in this study is PHP and MySql as
data base. The server processes the measurements on practicum module using fuzzy method, resulting in
the measurement recommendations used based on the least error rate and the highest degree of fuzzy
membership. Fuzzy is one of the best ways to map an input space into an output space. The starting point of
the modern concept of uncertainty is that it is introduced about a theory that has objects of a fuzzy set that
has imprecise boundaries and membership in a fuzzy set, and not in the form of right or wrong logical,
but expressed in degrees [24].
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Figure 2. A proposed model of data acquisition system (DAS) based on fuzzy and cloud systems
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In this works, data acquisition systems are proposed whas integrated with decision support system
(DSS) and developed in web server application intended to replace laboratory assistant and reference
standard value modules. Therefore, the accuracy, the precision, minimizing error and time effectiveness
could be achieving and increases the performance knowledge of the students. The function of membership is
a curve showing the mapping of data input points into their membership value (also often called as
membership degree) which has intervals between 0 and 1 [25, 26].

2.1. Linear representation
In a linear representation, the mapping of inputs to the degree of their membership can be described

as a straight line. This form is the simplest and the best choice to approach a less obvious concept as shown
in Figures 3 and 4.
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Figure 3. Ascended linear representation

The function of membership is:
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where a, b and b are the value of domain which has membership degree of 0, the value of domain which has
membership degree of 1 and the value of input which is about to be changed into fuzzy numbers.
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Figure 4. Descended linear representation
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Both descend linear i.e. straight line starts from domain value with the highest member degree on the left
side, and then it descends to domain value which has lower member degree.
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2.2. Triangle curve representation
The representation of triangle curve is essentially a combination of two linear representations

(increase and decrease) as shown in Figure 5.
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Figure 5. Triangle curve

The function of membership is:
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where a, b and c are the lowest value of domain which has membership degree of 0, the value of domain
which has membership degree of 1 and the highest value of domain which has membership degree of 0.

2.3. Trapezoidal curve representation
The trapezoid curve is basically a triangular shape, except that there is a point that has a membership

value of 1 as shown in Figure 6.
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Figure 6. Trapezoidal curve

The function of membership is:
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where a, b, ¢, d and x are the lowest value of domain which has membership degree of 0, the lowest value of
domain which has membership degree of 1, the highest value of domain which has membership degree of 1,
the highest value of domain which has membership degree of 0 and the value of input which is about to be
changed into fuzzy numbers.

2.4. Fuzzy database

Fuzzification of queries is assumed to be a conventional query (non fuzzy), a database management
systems (DBMS) that tries to create and implement a basic logical system of fuzzy query (fuzzy logic based
querying system). The advantage of query fuzzification is that it can achieve DBMS flexibility, automatic
error handling, and flexible search. Fuzzy Tahani is one of the branches of fuzzy logic, which is one of
the fuzzy methods that use a standard database. Tahani describes a query fuzzy processing method, which is
based on the manipulation of a language known as SQL (structured query language), so fuzzy Tahani model
is aptly used in precise and accurate data retrieval processes. Fuzzy database is used for reasoning using
a database [4]. The overall process of block diagram can be seen in Figure 7. First, initialize device, and then
measurement which is input and will be processed fuzzification. This research consists of hardware and
software. Hardware is as instrumentation of laboratory measurement data while software is as storage and
display of measurement DAS.

2.5. Hardware design

The block diagram design of the system in this study consists of server, client (Laptop, Desktop etc),
Instrumentation and Module of Laboratory practice as shown in Figure 8. The diagram block of
instrumentation consists of current and voltage sensors. The following is the circuit used as shown in
Figures 9 and 10.
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Figure 7. Research flow chart Figure 8. Web based data acquisition system
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Figure 9. Set of voltage sensor
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Figure 10. Set of current sensor

2.6. Software design

In making the website in this research, it would use Dreamweaver software and web server
XAMPP 1.6.4 version by using programming language PHP and Mysqgl. In website view, there would be
some menu like Practicum, Registration, Contact and Login. The use of this Web Server is used to analyze
feedback [27, 28].

3. RESULTS AND ANALYSIS

The module of laboratory practice was determined as in Figure 11. The module in Figure 11 is
a series of experiments carried out, namely set and parallel series for measurement module and electricity
measuring instrument. After the experimental module was structured based on the above image,
the acquisition instrumentation was connected with the laptop of practicing participants and then
the measurement was conducted by opening the web browser as shown in Figure 12, and the result of voltage
measurement as shown in Table 1.

a8V

Figure 11. Research modul

Figure 12. The experimental series of using data acquisition instrumentation
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Table 1. The Result of voltage measurement

No. Data Measurement Measurement (V)
1 VR1 First 51
2 VR1 Second 53
3 VR1 Third 5,2
4 VR2 First 2,7
5 VR2 Second 2,6
6 VR2 Third 2,6

With Resistor R = 100 Q to find voltage values of VR1 and VR2, it should be based on calculation.

Known:
Series of Figure 9
R1,R2,R3=100 Q

Vin =8V
Discussion:
R, Xx Ry 100 x 100
Rparatter = R, + Rs = 100 + 100 =50Q
VR, = i x Vin=—200 ey 53y
VT R+ Rearaner ' 1000+500
R llel 50Q
VR, = —P&Y w8y =—" _x8V =27V
27 Ry + Rparauer 1009 + 500

At this stage, there is a fuzzification process i.e. the process of changing the membership data from
the set of a weight of a regular score into the membership of the set of fuzzy numbers. The criteria used are

shown in Figure 13.
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Figure 13. Membership of voltage measurement
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53-5.2

1=
x | 5.2

|x100% =1,92%

VR, measurement (first) = 2,7 V

2,7—12,7

100% = 09
2.7 |x % =0%

x1=|

VR; measurement (second) = 2,6 V

2,7—12,6

0 — 0
26 |x100A) 3,85%

x1=|

VR2 measurement (third) = 2,6 V

2,7—12,6

0 — 0
26 |x100/0 3,85%
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From this percentage of error then, the degree of membership for each membership function was searched.

1; x1<1
uGood[x1] = [(5 —x1)/4; 1<x1<5
0 x1>5

0; x1 <orx1l>10
uFair[x1] = { x1-1)/4 1<x1<5
(10 -x1)/5;  5<x1<10

0; x1<5
uBad[x1] = {(xl —-5)/5 5<x1<10
1 x1>10

Table 2 shows that the measurement result obtained from the experimental result was in the form of
analogs which were converted to digital systems and processed via fuzzy with membership degree
corresponding to the fuzzy calculations. Each measurement has a membership degree value of each on
the membership of good, fair and bad shown in Figure 14. The result of Fuzzy processing as shown below is
the result of Fuzzy Tahani processing, Table 2 is the result of VR1 and VR2 voltage measurement. The top
recommendation is the measurement with the highest fire strength value indicating that the result of
the measurement is closest to the desired criteria in the form of recommendation of laboratory practice
measurement result used as experimental data.

The result of the recommendation shown in Figure 15 is the output of the fuzzy process, using
Tahani's fuzzy method to determine the recommendation of the measurement value of the practicum used i.e.
taking the query that has the maximum value of the membership degree data of each fuzzy membership
existed in the data base in Table 2. Web display in this study has been responsive and flexible which means
that web display which will adjust to the size of viewport (the extent of area in browser to display website)
used by users when accessing a website whenever the users use laptop, tab, or smartphone, so that it is very
easy to use.

Table 2. Voltage measurement and fuzzy membership degree

No Data Measurement (V) % Error Membership Degree

Good Fair Bad
1 VR: (1) 51 3,92 0,27 0,73 0,00
2 VR;: (2) 53 0,00 1,00 0,00 0,00
3 VR;: (3) 5,2 1,92 0,77 0,23 0,00
4 VR; (1) 2,7 0,00 1,00 0,00 0,00
5 VR; (2) 2,6 3,85 0,29 0,71 0,00
6 VR; (3) 2,6 3,85 0,29 0,71 0,00
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Figure 15. Web display of measurement recommendation result

4. CONCLUSION

DAS can be implemented in the measurement of current and voltage in laboratory works. Fuzzy
logic method is able to analyze criteria and then give the order of measurement priority with the value of fire
strength between 0-1. The ultimate result of this study has been successful in making system which can help
the Laboratory practice participants in laboratory to save measurement data digitally with no paper
(paperless), where the data are saved on web server database.
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