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1. INTRODUCTION

During this time, weight point testing is still done manually using a jack until now it has begun to be
replaced with hydraulic equipment namely Lift Table Hydraulic (LTH) which is a portable table comes with a
hydraulic drives, sensors (Loadcell and LVDT), powerpack control panel, powerpack, hydraulic cylinder, relay
module and solenoid valve to adjust the table height [1]. Hydraulic drives is chosen for their outstanding force
and power density and drive stiffness. They are indispensable when heavy load applications have to meet strict
demands on fast response and high precision [2]. In hydraulic drives, sensors used are Loadcell and LVDT. Firstly,
Load cell is the main component in the weighing system which use pressure principles utilizing a strain gauge
that will turn a mechanical shift into a change in resistance [3]. Secondly, Linear variable differential transformer
(LVDT) is one of the most widely used transducers for the measuring linear displacement in a specimen which
works on the principle of magnetic induction [4]. Furthermore, Solenoid is an Electrical device which works on
the principle of an electromagnet (i.e. when an electric current is passed through a wire or a coil a magnetic field
is produced). A solenoid being an electromechanical device is used for a wide array of industrial applications,
including fluid power hydraulic systems, to control cylinders, process control systems, as cheap and robust
switching components and manufacturing departments [5]. This portable table is one component of the heavy
point measurement equipment system used for mining and plantation vehicles such as tractors, buses, trucks which
are required to have a safe structure in heavy road conditions with rough or uneven surfaces with slopes up to an
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angle of 15° to 20° [6]. It works on the principle of fluid-pressure or Pascal Law is the principle in fluid mechanics
that explain that the pressure applied anywhere in a confined incompressible fluid is transmitted equally in all
directions throughout the fluid such that the pressure variations (initial differences) remain the constant.
According to S. B. Bhalake, et al. [7] LTH contain five major components such as Platform, Base Platform,
Scissor Legs, Hydraulic Cylinder and Motor.

The position of the vehicle's heavy point is very important to know in the context of vehicle planning,
especially to ensure braking capacity and acceleration, planning the position of the body centre and aspects of
vehicle stability, determining vehicle stability and the moment of inertia [8]. According to the research of
Kardmiaji, et al.[9] One of the vehicle stability factors, especially to avoid rolling conditions due to height
differences on both sides of the road until the vehicle tilts following the contours of the road, is the location of the
weight point both vertically and in the horizontal direction to the fulcrum or tyres of the vehicle calculated from
the road surface. The higher the location of the weight point from the road surface, the easier it is to change the
horizontal and vertical bearing forces on the left and right vehicle tyres. This difference in bearing force occurs
mainly when the vehicle is tilted so that it becomes unstable or the vehicle rolls over more easily. The COG of a
minibus is one of the basic parameters that affect vehicle operation to maintain traffic safety. In addition, COG
greatly affects vehicle manoeuvres to transfer loads between the front wheels and rear wheels such as when
turning, braking and accelerating [10]. However, Karmiadji, ef al. research has not yet implemented the use of
SVM. By using SVM, It is expected that the measurement of the weight point position will be more accurate [11].

There are several machine learning algorithms or methods that can be used for weight point position
measurement, including Naive Bayes, Support Vector Machine (SVM) and K-Means clustering [12]. Support
Vector Machine (SVM) is a technique for classification and regression and is in the same class as ANN in terms
of functions and conditions of problems that can be solved and is included in the supervised learning class. SVM
aims to separate two classes using support vector and margin to find the optimal classifier function that can
separate two different classes. This technique attempts to find the best hyperplane among an infinite number of
functions to separate two kinds of objects. The best hyperplane is the hyperplane that lies midway between two
sets of objects from two classes [13]. The superiority of Support Vector Machine (SVM) comes from the ability
to apply linear splitting to large-dimensional non-linear input data, and this is obtained by using the necessary
kernel functions. The ability of Support Vector Machine (SVM) to process large-dimensional data is very suitable
to be applied to text data which tends to be large-dimensional.

According to A. Han etc [14] Support Vector Machine (SVM) has a higher accuracy than Neural Network
and Linear Regression. Approximation models or commonly called kernels can help in overcoming the problem
of feature space, and affect the accuracy of the classification method that will be generated. According to A. Z.
Praghakusma and N. Charibaldi [15] there are several types of kernels in Support Vector Machine (SVM) besides
the RBF kernel, namely linear kernel, polynomial, and sigmoid kernel. According to B. Sanjaa and E. Chuluun
[16] training time of the linear kernel is faster than the other kernels and is suitable for the large-dimensional data.
In the polynomial kernel, there is the use of adjustable degrees to increase the likelihood that the data can be
linearly separated in a dimensional space without slowing down the model time [17]. In the sigmoid kernel, the
use of gamma can be adjusted to increase the accuracy value but depends on the number of features used but
depends on the number of features used [18].

Meanwhile, the method of measuring the position of the weight point requires the existence of lifting
equipment for the vehicle to be measured and at the same time can adjust its position in such a way that
measurements can be made precisely and accurately. Lastly, this research contributes to simplify the point of
weight testing, making the test faster and more accurate.

2. METHOD
2.1. Weight Point Measurement

The weight point is expressed in terms of the three orthogonal axes X, y, z as shown in Fig. 1. As a reference
point or coordinate (0,0,0) is the location of the tangent point of the right front wheel to the floor surface. The
distance of the weight point in the longitudinal direction (X axis) is expressed as "11", the transverse direction (Y
axis) is expressed as "t", and the vertical direction (Z axis) is expressed as "h0" [19].

The distance between the longitudinal (1) and transverse (c¢) weight points can be determined by measuring
the mass (weight) of the vehicle through all four wheels. Measurement of the mass of the test object is done by
placing the four wheels of the test object on the hydraulic lift table + Load Cell, then measuring the load without
passengers (empty) and with passengers. The longitudinal and transverse weight points in Fig. 2 are calculated
based on the moment equation as follows,

B (P1+P2)L1 )
- Ptotal

where [1 is longitudinal weight point distance, Ptotal is total weight of the vehicle in horizontal condition, L1 is
distance between the centre point of the front and rear wheels, P1 is Weight on the right front wheel, P2 is weight
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on the left front wheel. The position of the vehicle's transverse direction (t) can be found through the following
equation:

1

t=((P1-P2) n + (P3 — P4) re 2
B 2 2 ) Ptotal @
where t is transverse direction weight point distance, P1 is weight on the right front wheel, P2 is weight on the
left front wheel, P3 is weight on the right rear wheel, P4 is weight on the left rear wheel, T'1 is distance between
right and left front wheel axes, T2 is distance between right and left rear wheel axes, Ptotal is Total weight of
the vehicle in horizontal condition. If the value of t is negative, the vehicle's weight point is located to the right of

the vehicle centre line in the transverse direction (Y axis).
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Fig. 2. Determination of the point of weight (COG) of the bus vehicle in the longitudinal and transverse
directions

While the weight point in the vertical axis direction (h0), is done by measuring the weight of the vehicle
with the condition of the test object lifted on both front wheels, as described in Fig. 3. The moment balance
equation for these conditions is as follows [20],

= arsin 5
a = arcsin 1

1 F1+F2 3)
ho=r+(—)(n-115_"")
tga Ptotal

where Ptotal is total weight of the vehicle in horizontal condition, L1 is Distance between the centre point of the
front and rear wheels, H is height of jig for jacking, [1 is distance of the centre of gravity in the longitudinal
direction, F1 is weight on the right front wheel, F2 is weight on left front wheel, h0 is Distance between the centre
point of the front and rear wheels and the COG point, r is wheel radius, « is lift angle.
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Fig. 3. Determination of the weight point (COG) of the bus vehicle in the vertical direction
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2.2. Control System and Data Acquisition

The system is controlled by an electronic control system that drives both actuators and mechanical devices
of the LTH [21]. The test object is placed on the LTH in such a way that the test object (measured vehicle) can be
lifted and positioned by the controller from the computer according to the standard measurement Australian
Design Rule 59/00-Standards For Omnibus Rollover Strength 2017 where the passenger load per person is set at
70 kg [22]. Furthermore, at each specific position, the load is measured using a loadcell and the height (mm) is
measured at a certain point using an LVDT, the results of these measurements are recorded by a Data Logger [23].
The circuit of the electronic control system, as well as the LVDT measuring equipment and hydraulic control can
be shown in Fig. 4 [24], [25] with the usage of NI USB 6251 [26] and NI USB 9237.

Data acquisition is the process of converting sensor signals through hardware and then using software to read,
convert and storage. According to the requirements of versatility and reliability for the heavy point position test,
a data acquisition system with high sampling rate and general purpose is designed based on LabVIEW [27].
Because of that NI USB 9237, 4 channel ADC with 50kS/s sampling rate and 24bit resolution, is used [28].
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Fig. 4. Schematic of the Control System and Data Acquisition
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Fig. 4 Description:

e 4 analogue inputs from Loadcell, into the input of NI USB 9237 module:

Loadcell 1, P2 (Left front wheel)

Loadcell 2, P1 (Right front wheel)

Loadcell 3, P4 (Left rear wheel)

Loadcell 4, P3 (Right rear wheel)

The output of the NI USB 9237 module is processed into digital data by a computer with the Labview

program.

. 1 analogue input from Displacement Transducer (LVDT) 1500mm, into the analogue input of NI USB
module 6251, LVDT, placed on the front wheel lift tool.

e  The output of the NI USB 6251 module is processed into digital data by a computer with the Labview
programme, to control and monitor the height.

e  From the NI USB 6251 output there are 8 Digital Output (DO), which are used 4 pieces to control the Power
Pack through the Relay Module to turn off and turn on the powerpack (2 DO) and activate the Selenoid
Valve Up / Down (2 DO) to move up or down.

e  The lifting device is made to lift the front wheel simultaneously with the Hydraulic system [29].

2.3. Data Classification

From the explanation of the scheme, there is a potential error in measuring the position of the heavy point,
especially in taking data on the X (11), Y (t), Z (hO) values because the three values have not been classified.
Therefore, it is necessary to use the Support Vector Machine (SVM) method to perform the data classification
process [30]. The SVM method will classify the data into two classes, namely class 1 and class 2 where the
division of this class refers to the UNECER No. 66 standard [31]. The standard explains that the weight point
measurement is more accurate if the lift angle is in the range of 15° to 20° as described in Table 1 [22].

Table 1. SVM Data Classification

CLASS 1 CLASS 2
ANGLE 0°-14° 15°-20°
HEIGHT 0-895 mm 900-1390 mm

2.4. Dataset

By using mathematical (1),(2),(3) and moving the LVDT from a position of 200 mm up to 1300 mm until it
returns to 200 mm then classifying the LVDT values into two different classes, a dataset is obtained where each
research object gets a different dataset. The research objects used were minibuses with 1,19,29 to 36 passengers.
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Each dataset consists of 5 columns such as LVDT, X (I1), Y (t), Z (h0) and Class. Each dataset is simulated to
get into .csv format (Table 2) [32] and will be optimized using support vector machine [33].

Table 2. Dataset in csv format
LVDT (mm) X Y Z Class
(L) ® (h0)

200
300
400
500
600
700
800
900
1000
1100
1200
1300

2.5.SVM

In this study using the SVM method to get the best accuracy value [34]. SVM (Support Vector Machine) is
the technique for data classification. The data classification process mainly involves training and test datasets.
Each element of dataset consists of multiple features and classification attributes. The principle of SVM is to
create the model for predicting classification based on the given features of current element of test dataset [35] .
The SVM algorithm can have various kernels, but the linear, polynomial, RBF, sigmoid are basically dominates
[36]. Linear SVM have performed well on massive datasets with many features. In practice, the nonlinear SVM
has inadequate result applying to data with more than 10000 entries. Therefore, linear SVM was chosen [37].
Classification of the data was then done by svm based on the training data given to it in the form of features for
various dataset [38].

3. RESULTS AND DISCUSSION

In this study the object used are a mini bus on condition of a 1 passenger minibus, 19 passenger minibus, 29
passenger bus and 36 passenger bus. Each object will be placed on the Hydraulic Lift Table (LTH) to weigh the
weight of the right and left front wheels and the right and left rear wheels and then measure L (Distance between
the centre point of the front and rear wheels), T1 (Distance between the right and left front wheel axes), T2

(Distance between the right and left rear wheel axes), R (wheel radius) [39]. Data measurement shown in Table
3.

Table 3. Data Measurement
Measurement Result (kg)

Load Type P1 P2 P3 P4 PTOTAL L (mm) TI(mm) T2(mm) R (mm)
1-Passenger
MINIBUS 989.10  1031.93  927.92 925.88 3874.86 3380 1540 1500 785
19- Passenger
MINIBUS 1095.1 120528 1339.88  1463.27 5103.5985 3380 1540 1500 785
29-Passenger BUS 1578.5 156524 2373.86 2435.04  7952.6403 3380 1670 1760 785
36- Passenger BUS 1565.2 1658.03 255027  2720.56  8494.101 3380 1670 1765 785

The first dataset consists of 193 rows and 5 columns will be optimized on a proportion (training: testing) of
80% and 20%, namely a 1-passenger minibus with a data class classification between LVDT and Z in the form of
an XY graph as shown in Fig. 5, a scatter plot and confusion matrix will be obtained as shown in Fig. 6 and Fig.
7. Scatter plot is one of the versatile, polymorphic and generally used for showing two or three variables on the
2D or 3D axes. It is very useful in the early stage of analysis for showing correlation and patterns in low
dimensional data [40]. In the meantime, Confusion matrix is a tool for measuring the quality of classification
system in the term of supervised learning which is each column of the matrix represents numbers of occurrences
of an estimated class while each row represents the number of occurrences of a real class [41].
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Fig. 5. XY Graph of LVDT and Z on 1-passenger minibus
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Fig. 6. Scatter Plot of 1 passenger minibus
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Fig. 7. Confusion Matrix on 1-passenger minibus

From Fig. 7, it is known that the value of TP = 19; FP = 0; FN =2; TN = 17. By using the following formula,

the accuracy can be calculated.
Accuracy = (TP +TN))/((TP+TN + FP + FN)) x 100%
Accuracy = ((19+17))/((19+ 17+ 0+ 2)) x 100%
Accuracy = 36/38 x 100%
Accuracy = 94.7%

In the 1-passenger minibus dataset, the accuracy value is 94.7% [42]. This shows there is a 5.3% error in
class prediction where it is predicted that there are 2 data entered into class 2 but incorrectly.

Second dataset consists of 254 rows and 5 columns will be optimized on a proportion (training: testing) of
80% and 20%, namely a 19-passenger minibus with a data class classification between LVDT and Z in the form

of an XY graph as shown in Fig. 8, a scatter plot and confusion matrix will be obtained as shown in Fig. 9 and
Fig. 10.
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Fig. 8. XY Graph of LVDT and Z on 19-passenger minibus
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Fig. 9. Scatter Plot of 19-passenger minibus
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Fig. 10. Confusion Matrix Minibus 19 passengers

From Fig. 10, it is known that the value of TP =25; FP =0; FN = 1; TN = 24. By using the following formula,
accuracy can be calculated.
Accuracy = ((TP+TN))/((TP +TN + FP + FN)) x 100%
Accuracy = ((25+24))/((25+24+0+1)) x100%
Accuracy = 49/50 x 100%
Accuracy = 98%

In the minibus dataset with 19 passengers, the accuracy value is 98%. This shows there is a 2% error in class
prediction where it is predicted that there is one data entered into class 2 but incorrectly.

Third dataset consists of 262 rows and 5 columns will be optimized on a proportion (training:testing) of 80%
and 20% minibus with 29 passengers with classifying the data class between LVDT and Z in the form of XY
graph as shown in Fig. 11, a scatter plot and confusion matrix will be obtained as shown in Fig. 12 and Fig. 13.
From Fig. 13, it is known that the value of TP = 27; FP = 0; FN = 1; TN = 24. By using the following formula,
accuracy can be calculated.

Accuracy = ((TP+TN))/((TP + TN + FP + FN)) x 100%
Accuracy = ((27 +24))/((27 +24+0+ 1)) x100%
Accuracy = 51/52 x 100%

Accuracy = 98.07%
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Fig. 11. XY Graph of LVDT and Z on 29-passenger minibus
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Fig. 12. Scatter Plot of 29-passenger minibus
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Fig. 13. Confusion Matrix Minibus 29 passengers

In the minibus dataset with 29 passengers, the accuracy value is 98.1%. This shows there is a 1.9% error in
class prediction where it is predicted that there is one data entered into class 2 but incorrectly.

Fourth dataset consists of 195 rows and 5 columns will be optimized on a proportion (training:testing) of 80%
and 20% of minibuses with 36 passengers with classifying the data class between LVDT and Z in the form of an
XY graph as shown in Fig. 14, a scatter plot and confusion matrix will be obtained as shown in Fig. 15 and Fig.
16.

From Fig. 16, it is known that the value of TP =23; FP = 1; FN = 0; TN = 15. By using the following formula,
accuracy can be calculated.

Accuracy = (TP +TN))/((TP+TN + FP + FN)) x 100%
Accuracy = ((23+15))/((23+15+1+0)) x100%
Accuracy = 38/39 x 100%

Accuracy = 97.43%

In the minibus dataset with 36 passengers, the accuracy value is 97.4%. This shows there is a 2.6% error in class
prediction where it is predicted that there is one data entered into class 1 but incorrectly.
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Fig. 14. XY Graph of LVDT and Z on 36-passenger minibus
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Fig. 15. Scatter Plot of 36-passenger minibus
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Fig. 16. Confusion Matrix Minibus 36 passengers

4. CONCLUSION

From the four experiments, it can be concluded that measuring the position of the heavy point with a

proportion of 80% and 20% datasets on a minibus with 1 and 19 passengers and a bus with 29 and 36 passengers
using the Support Vector Machine method, the highest accuracy is obtained on a minibus with 29 passengers by
98.1%. It means that 98.1% were predicted accurately and only 1.9% of errors occurred in class prediction where
there was only one data that was predicted to be in class 1 but was wrong.
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