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Abstract— In the implementation of lab work, there are many 
assessment criteria which affect the final scoring of a lab work. A 
university student must go through several stages in carrying out 
lab work. The problem arising is at the assessment stage, where 
lab work lecturers find it difficult to determine the ranking of lab 
work assessment for each student. The more criteria and 
alternative assessments arise, the more difficult it will be for the 
lab work lecturers to determine the priority of lab work 
participants' scores. This study focuses on making a fuzzy-based 
acquisition system which is the measurement result data in the 
lab work process. Furthermore, the data which have been 
determined by fuzzy with the provisions of the specified criteria, 
the entire criteria in the lab work process were used by analytic 
hierarchy process (AHP) method which was integrated in the 
web server application. The hierarchy levels represented the 
criteria for the lab work process, namely: pretest, lab work 
implementation, post test and lab work report-making. The 
implementation of lab work drawn from fuzzy output was one of 
the highest weight input criteria. The alternative used was a 
number of students attending the lab work, using AHP stages, 
including: decomposition, comparative judgment, synthesis of 
priority and logical consistency. This system was able to show the 
accuracy level with fuzzy and to select priorities from the 
assessment criteria and alternative lab work participants. The 
findings showed that the fuzzy-based data acquisition was able to 
provide recommendations for measurements on lab work based 
on the scores of membership degree and fire strength chosen with 
an error of less than 5%. The use of AHP was able to give the 
assessment priority to a number of criteria and alternative lab 
work assessments with the priority score from student 1 was 
0.292, student 2 was 0.233, student 3 was 0.214 and student 4 was 
0.261.   

Keywords— Data Acquisition; F-AHP; Lab work 

 INTRODUCTION  

This The implementation of lab work on measuring 
electrical quantities in laboratory has a lot of assessment 
criteria which affect the final scoring of a lab work. A 
university student must go through several stages in carrying 
out lab work. The problem arising in the process of lab work 
implementation is assessment ranking, where lab work 
lecturers find it difficult to determine the lab work assessment 
ranking for lab work participants. The more criteria and 
alternative assessment a rise, the more difficult it will be to 

determine the ranking of lab work assessment. The problem 
complexity in determining the lab work assessment ranking 
does not only lie in the uncertainty or imperfection of the lab 
work result information, but also relies on the lab work 
lecturers in objectively assessing the lab work participants. The 
assessment can show the probability or assessment rankings for 
each outcome known to decision makers, in this case, the lab 
work lecturers. 

In the lab work process, errors in the measurement and in 
reading voltage and electric current measurements are often 
found. These errors cause the data obtained to be deviating the 
standards. Commonly, if there are incorrect experiment data, 
they need to be repeated due to the large percentage of 
measurement error scores. The greater the measurement error 
score is, the greater the error that occurs, usually due to the 
errors in series or the use of measuring instruments. One 
alternative method in determining error scores is to use fuzzy 
method which is the right way to map an input space into an 
output space. 

The error levels in lab work assessment are due to many 
criteria and alternatives, which can be avoided by using 
Analytic Hierarchy Process (AHP) method, which is integrated 
in web server application. The lab work stages which become 
the criteria in the method consist of four processes, namely: 
pretest, lab work implementation, posttest and lab work report 
making. The results of the criteria score of each alternative will 
be obtained weighting which will determine the priority scores 
of the lab work assessment [1-3]. The alternative used is a 
number of students who attend the lab work, using AHP stages 
including: decomposition, comparative judgment, synthesis of 
priority and logical consistency.  

Several studies on AHP implementation have previously 
been carried out, among others are about the concept of 
assessment ranking modeling in e-learning class by decision-
making using interval score triangular fuzzy number method 
(IV-TFN) [4]. The FAHP implementation for the quantification 
of numerical constants on the functions of objective business 
relationship, using weighted fuzzy goal programming (WFGP) 
method produced solutions that better represented decision 
maker preferences. AHP introduced in the chemical 
engineering for the selection of equipment processes, design 
and selection of resources [5]. AHP application has also been 
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used: for structured student selection and evaluation [6], to 
evaluate the ranking of students with weighted criteria 
including skills, knowledge [7], as a tool in the decision 
making process about choosing the most appropriate 
alternative in accordance with the specified criteria [8], used to 
explore concepts in the learning process [9]. These studies only 
used multi criteria data and manual alternative input into the 
FAHP and used a software designed as a quality measuring 
tool and decision-maker preferences from multi criteria and 
alternative inputs.  

This study focuses on the combination of hardware and 
software which were integrated in web servers using FAHP. 
The hardware was designed as a lab work module to measure 
electrical quantities in the form of voltage and current 
measurements. 

METHODOLOGY 

A. Data Acquisition 

Data acquisition is a system which has the function to 
retrieve, collect and prepare data to be processed as desired 
data can define as data acquisition. During the process of data 
acquisition, the computer will do a series of the sampling 
process from physical real-world conditions and convert it into 
the digital numerical scores. The data acquisition have  
components such as sensors that can convert the physical 
parameters into electrical signals. The signal conditioning will 
convert the sensor signals into the digital scores  [10]. 

The data acquisition process was carried out to measure the 
voltage and current scores of the lab work module. The module 
used one of the electrical measurement modules, as shown in 
Fig. 1. 

 
Fig. 1. Experimental circuit module 

The instrumentation of voltage and current measurement 
data recording system is shown in Fig. 2. This system consists 
of a voltage sensor and current sensor, a keypad which 
functions to enter student’s registration number, alphanumeric 
LCD 16x2 to show measurement scores, Node MCU whose 
function is to connect with Wi-Fi hotspots connected to 
webserver. 

Current Sensor

Keypad 3x4

Voltage Sensor

Arduino Nano
Alphanumerical

LCD 16x2

NodeMcu

 

Fig. 2. Block of recording diagram of the voltage and current scores in the 1 
phase system. 

B. Voltage Sensor 

The data acquisition system module analyzes the data using 
a 220-9 V transformer with current 1 A. The transformer is 
used to keep the sinusoidal voltage range constant. The 
sinusoidal waveform at a voltage is needed before connected to 
the microcontroller. The 9 V voltage is still too large for a 
microcontroller. Therefore, a series of voltage divider circuit 
with a maximum output of 5 V are needed. In addition to that, 
the peak to peak voltage of no more than 5V requires an 
additional circuit to shift the 0 V point from the sinusoidal 
wave to the point 2.5 V. The point shift affects the magnitude 
of the peak voltage to 2.5 V. 

If Vp is the peak voltage, where the peak voltage is a 
maximum of 2.5 V, the maximum output voltage is Vout = Vm  
× 0.7071  or Vout= 1.767 V as the readable average voltage on 
the microcontroller. From this formula, the score of the resistor 
which will be used can be found out. To determine the value of 
resistor R2, the resistance value R1 must be determined using 
Eq. (1). The R1 specified is 10 kΩ, then: 

 
 

 
 

From the calculation of the resistor values in Eq. (1), the 
value of R2 = 40.933 kΩ, is obtained, to get a resistor on the 
market with this value is very difficult. Therefore, the resistor 
value R2 is changed to R2 = 100 k Ω From this score, it affects 
the magnitude of the output voltage to Vout = 0.818 V and the 
peak voltage Vp=1.28 V. The result is still below the maximum 
peak voltage and the maximum output voltage, therefore, the 
resistor can be used. The following is the scheme of the 
transformer circuit as a reverse voltage sensor as shown in Fig. 
3. 
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Fig. 3. Voltage sensor circuit with sinusoidal voltage waves leading to the 

microcontroller 

C. Current Sensor  

ZMCT103C sensor is a transformer with a ring-core ratio 
of 1000: 1 and a maximum output current of 5 mA. The current 
sensor circuit is the same as the voltage sensor circuit, required 
voltage divider circuit as well as 0V to 2.5 V point shifters in 
order to be read on the microcontroller as shown in Fig. 4. To 
maintain the maximum peak voltage in the measurement below 
2.5 V, a voltage divider circuit and a resistor are needed as a 
burden resistor. Through using the Kirchoff Law equation, the 
score of the burden resistor according to Eq. (2) can be 
determined. 

 

 
 

 
The maximum resistor score is at burden of 500 Ω, in order 

that the voltage output score remains below 2.5 V with a 
maximum sensor output current score of 5 mA, the resistance 
score installed should be less than 500 Ω shown in Fig. 4. 

 
Fig. 4. Current sensor circuit with sinusoidal voltage waves leading to the 

microcontroller 

To get resistor score of 500 Ω is very difficult, 
consequently the resistor used is 330 Ω and 22 Ω which are 
connected in series so that the total resistance score is 352 Ω. 
The resistance score is still within safe limits. If the score of 
Rburden=352 Ω, the score of Vout   is 1.76 V at maximum. 

D. Node MCU Microcontroller Module  

Connection on the internet network can be done using LAN 
cable or Wi-Fi connection. To connect the device to the 
internet network, a module is needed to manage the 
connection. In this study, the Node MCU module is used to 
control this. Node MCU is an open-source firmware and 

development kit which can help to make prototypes of IoT, 
Node MCU can be programmed using the Arduino IDE. 

Node MCU is communicated on the Arduino Nano using 
serial communication via Rx and Tx pins. In this 
communication, Arduino Nano sends data which have been 
processed to Node MCU to be uploaded to the website. In 
Node MCU, the data sent to Arduino Nano are in the form of 
control data retrieved from the website. The following is the 
wiring Node MCU scheme connected to Arduino Nano as 
shown in Fig. 5. 

 
Fig. 5. Node MCU which is connected to Arduino Nano 

1) Arduino Nano Microcontroller Module 

Arduino Nano is used as the main microcontroller that 
processes LCD displays, processes sensor input scores, 
processes input information from RTC, processes control 
information sent via Node MCU and controls relays as 
switches. 

TABLE I.  DISTRIBUTION OF FUNCTIONS ARDUINO NANO PIN 

No. Pins Functions 
1 PIN A0 Current sensor score of ADC input 
2 PIN A1 Voltage sensor score of ADC input 

5 PIN A4 Pin I2C LCD 
6 PIN A5 Pin I2C LCD 

9 PIN D2 Keypad 3 x 4 input 
10 PIN D3 Keypad 3 x 4 input 
11 PIN D4 Keypad 3 x 4 input 

12 PIN D5 Keypad 3 x 4 input 
13 PIN D6 Keypad 3 x 4 input 
14 PIN D7 Keypad 3 x 4 input 

15 PIN D8 Keypad 3 x 4 input 
21 PIN RX0 Serial communication access 
22 PIN TX0 Serial communication access 

 

Arduino Nano is a small, and complete microcontroller 
which is suitable for pairing on breadboard. Table I shows the 
distribution of functions for each Arduino Nano pin. 

2) Fuzzy Logic  

A measurement that related to subjective human assessment 
by using language or linguistic is helped by a fuzzy set theory 
TFN (Triangular Fuzzy Number). The core of fuzzy is located 
in pairwise comparisons and it is represented by the ratio scale 
associated with the fuzzy scale. The flexibility of fuzzy logic 
makes it applicable to describe the input field into an output 
field. The modern concept [11] has been introduced with a 
theory which has objects from fuzzy compilation sets with 
unprecise limitation and membership in the fuzzy set, and not 
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in the form of true or false logic but expressed in degrees. The 
triangle curve is basically a combination of 2 lines (linear) as 
shown in Fig. 6. 

 

 
Fig. 6. Triangle Curve 

 

The function of membership is : 

     (3) 

 
Where, a is smallest domain score which has zero membership 
degree, b is domain score which has one membership degree, 
c is largest domain score which has zero membership degrees. 

Furthermore, fuzzy triangular numbers are symbolized and 
the followings are the membership function provisions for 5 
linguistic variable scales. The flowchart of lab work 
measurement module using fuzzy is shown in Fig. 7. AHP is 
made to rank alternative weighting on decisions and to choose 
one of the best criteria for multi-criteria cases by considering 
qualitative and quantitative factors in overall evaluation of 
existing alternatives [12].  

On the curve shows that membership of function is 
mapping the input points of the data into membership values or 
membership degree, the interval of membership degree is 
between 0 up to 1. The membership value can be found by 
using the function approach. 

System inputs that work based on the principles of fuzzy 
logic, only require the addition of a new membership function 
and rules relating to the assessment of the degree of 
membership. The fuzzy system while the initializing process 
can reduce the amount of value from a large number into a 
membership grade value by using the controller to make a 
decision. If the input changes just a little, the system will 
respond quickly and produce another output. 

 

 
Fig. 7. Flow chart of Fuzzy based lab work measurement module 

3) Analityc Hierarchy Process (AHP) 

The steps used to complete the criteria using AHP are, first 
is to carefully examine the problem, the next step is to arrange 
the problem into a hierarchy. AHP accommodates a number of 
considerations and special scores to its logical scores. 
Constructing a hierarchy of problems is hinge on experience 
and knowledge. This logical experience and knowledge can 
give considerations for weighting and selecting the best criteria 
[13]. 

The basic principles of AHP are: 

a) The arrangement of hierarchy 
Is a step to simplify a problem into a part which becomes 

the main element. It is then divided into smaller parts and so on 
in a hierarchical manner to make it clearer, so that it makes it 
easier for decision makers to analyze and draw conclusions 
about the problems. 

b) Determining priority 
AHP conducts pairing comparison between two elements at 

the same level. The two elements are compared by weighing 
the preference level of one element against another based on 
certain criteria. 

c) Logical consistency 
Logical consistency is a rational principle in AHP. 

Consistency means two things, namely: 

• Similar thoughts or objects are grouped according to 
their homogeneity and relevance. 

• Relations among objects based on certain criteria, 
logically justifying each other. 

4) Hierarchy 

Hierarchy is an image of complex problems in many levels 
of structure in which the top level is the goal and followed by 
the level of criteria, sub criteria and so on down to the lowest 
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level is the alternative level. In determining the hierarchical 
framework using criteria, the sub-criteria of some data are 
obtained using a set of paired comparisons [14]. Pairwise 
comparison is used to analyse the determination of priority 
criteria through priority elements. By this method, all of the 
elements can be fulfilled [15]. 

The hierarchy graphically illustrates the interdependence of 
relevant elements, showing the relationship among 
homogeneous elements and relations with the system so that it 
becomes a complete unity. The AHP hierarchy structure is 
shown in Fig. 8. 

 
Fig. 8. AHP model hierarchy 

Once the criteria are known, forming pairing comparison 
matrix for each criterion for numerical analysis is done. The 
numerical scores given to all comparisons are obtained from a 
predetermined scale of 1 to 9 as shown in Table II. 

TABLE II.  PAIRWISE COMPARISON ASSESSMENT SCALE  

Interest level Definition 

1 As important 
3 Little bit important  

5 More important 
7 Very important 
9 More absolute important 

2,4,6,8 
The score is between two closely 
related choices 

Reciprocal Reversed 

 

This study measures the university students’ learning in lab 
work with AHP has several stages of the process to get the best 
alternative recommendations from the lab work participants. 
The first stage, an asssitant determines the process to be taken 
into account and later the students’ names will be displayed 
according to the type of process in the lab work stage, then the 
assistant can fill in the assessment of each criterion namely; pre 
test, post test, report, and lab work analysis. It is then continued 
with the calculation system process using Analytical Hierarchy 
Process method in order to provide outputs in the form of 
ranking the best lab work participating students. The sequence 
of flowcharts can be seen in Fig. 9. 

 
Fig. 9. AHP Flow-chart 

 

RESULT AND DISCUSSION 

A. Pretest 

Pretest, this assessment is intended to find out whether 
students know about the material to be taught. The e-lab 
application calculates the number of text characters described 
by students, if students describe more and more broadly the 
indicator the student gets 20 points on each question that must 
be answered, the total number of pretest questions is 5. Then if 
the student can describe well to those 5 questions, the 
assumption is that the value given by the application of e-labs 
is 100. Interface Pretest shown in Fig. 10. 

 
Fig. 10 Interface Pretest 
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B. Practical 

 Practical assessment, this study was given to find out 
whether students correctly mastered the measurement of 
electrical voltage, this measurement mechanism uses a 
measurement tool designed for this study shown in Fig.11, a 
tool that can measure voltage and can send data in realtime to 
e-labs application, then e application-labs will give an 
assessment using the following equation (4). 

 

 
Fig. 11. Practical Measurement 

 
Fig. 12 Membership Fuzzy 

 

     (4) 

The measurement error value sent by the tool to the e-labs 
application is compared with the reference value which is both 
medium and bad. Good value predicate on reference is if the 
measurement has a value of < 5% get 100 points, for the 
medium rating category < 10% and ≥ 5% get 80 points, then 
the bad predicate is an assessment that exceeds 10% gets 60 
points as shown in Fig. 12 and interface measurement shown in 
Fig. 13. 

 
Fig. 13 Interface measurement 

C. Post test 

Assessment of posttest, this assessment is intended to 
determine the absorption of material taught to students. The 
procedure for designation is the same as the pre-test 
assessment, where students fill 5 questions in the e-labs 
application, if they can describe the answers well on each 
question then get 20 points on each question. 

With the basis of the designation in each category (pretest, 
practicum and posttest), the e-labs application can do AHP 
calculations to find out their consistency. AHP method is used 
to solve complex problems by constructing and drawing a 
hierarchy of the criterion, interested parties, results and various 
consideration to develop weight or priority. 

AHP calculation stages in e-labs applications. 

The following is how to implement the AHP method on 
student assessment by comparing the value of pretest, 
practicum and posttest value, then the e-labs application will 
determine simple fuzzy categories (low, medium and high) in 
the grade column. 

a). Low < 60 
b). Medium > 60 and < 79 
c). High > 80 
With the basis of the pretest + practicum value + posttest 

value/3. Interface Postest shown in Fig. 14. 

 

 
Fig. 14 Interface Postest 
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1)  Comparing 3 assessment categories 

• Pretest with Postest = 80 - 72 = 12, the 12 results are 
rounded down to 10/10. So as to produce a value of 1 
for the pretest. Results of the comparison shown in Fig. 
15. 

 
Fig. 15. The results of the comparison of the pretest and posttest. 

 

• Postest with Practicum = 72 - 100 = -28, the result of -
28 is rounded up because in the case of rounding if ≥ 5 
will be rounded up, so that it becomes a value of -30/10 
the result is -3 for the lab. Results of the comparison 
shown in Fig. 16 

 
Fig. 16. The results of the post-comparison with practicum. 

• Pretest with Practicum = 80 - 100 = -20, the result of -
20/10 so as to produce a value of -2 for practicum. 
Results of the comparison shown in Fig. 17. 

 

 
Fig. 17. The results of the comparison of the pretest with the lab 

 

2) Data Comparation 

The value that will be generated in the comparison of this 
data is priority vector which is the sum of all cells. The 
example of data comparison is provided with a matrix form. 
The results are shown in Fig.18. 

 

 
Fig. 18 Results of the data comparison 

 

3) Calculate Pricipal Eigen Value (lmax) 

That is calculating the matrix by adding up between cells in 
the row number and cell in the priority vector column as 
follows: 2.5 x 0.38730158730159 + 2.3333 x 
0.44285714285714 + 6 x 0.16984126984127 = 
3.0206349206349 

4) Consistency Index (CI) 

The calculating the consistency of index CI = (lmax-n) / (n-
1) with n is the number of criteria. In this case CI = 
(3.0206349206349 - 3) / (3 -1) = 0.01031746031746 

5) Random Index (RI) 

Table III shows the number of criteria which determine the 
RI. 

 

TABLE III, RANDOM INDEX  

 

 

So for n = 3 RI can get = 0.58. 

6) Consistency Ratio 

Consistency Index (CR) obtained by the formula CR = CI / 
RI, the RI value depends on the number of criteria as shown in 
Table III. That is the value of Cr is 0.017788724685276, If the 
result of the calculation of CR is smaller or equal to 10 %, 
inconsistency can still be accepted, conversely if it is greater 
than 10 %, it is not acceptable. 

 

CONCLUSION  

 The implementation of lab work with instrumentation 
using fuzzy method is able to show the CR calculation result is 
smaller or equal to 10 %. The implementation of lab work 
becomes one of the input criteria for the Analytical Hierarchy 
Process (AHP) in determining the lab work score ranking. 
AHP method is able to determine multi alternative and multi 
criteria lab work assessment rankings. 
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