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ABSTRACT

The current pandemic situation insists that people find a way to create a physical
distance, limiting the number of people in a closed room. The human need for
commuting has led to the idea of an automatic transport system that can transport
people and goods without the assistance of a driver. This idea can lead to a new
"normal™ and reduced cost of manufacturing in the industry. The paper discussed the
concept of an automatic transport system using a weight sensor. An automatic
vehicle is designed to transport loads of different packages and be allocated
automatically based on the weight of the package. The systemis designed to be as
simple as possible to increase the scope for implementation.

Keywords: Automatic Transport Vehicle, Line Sensor, Pandemic Solution, Weight
Sensor.

1. INTRODUCTION

Nowadays, the pandemic condition insists that people seek a methodto distance
themselves from society and use machines more for sectors that do not require
human involvement. Automation has been the answer for many years to help people
avoid danger, dullness, dirt, and hardship. Therefore, automation is fit with the idea
of physical distancing Automation has started from manufacturing lines, and has
now moved to most human lifestyles, including domestic ones. People's life always
involves moving or commuting to work or anywhere. The current pandemic issue is
how to reduce the number of people in a closed room. It will, therefore, be better to
have fewer humans inside the transport system. Without mentioning that driving
from one place to another fixed destination hardly requireshuman involvement. The
driver's job can be assigned to an automatic system. This idea leads to an automated
transport system for the transport of people or goods [1][2].

The idea of having a self-propelled bus or truck that drives people to a car instead
of a human drive could be a reality in today's technology. The firstapplication may
be for the industry to drive or transport from one point to another of the
manufacturing lines [3]. This autonomous transport system would be more
advantageous than the use of human drivers with their limitations. Autonomous
technology has the potential to help increase the productivity of the production line
and reduce transport costs.

Technology companies such as Apple, Intel, Amazon, and Aptiv have developed
automatic vehicle support sensors, gadgets, and related technologies. Not to mention
car companies such as Audi, Daimler AG, and BMW have tested their autonomous
vehicles on public roads. The sensor, such as LIDAR and perception sensor
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software, was roaming the market and used by Volvo and Toyota to ensure
automatic street safety in the event of no crash [4]-[10].

Such technologies seem costly, and what if automated vehicle and transportation
system for tram-like vehicle drives on its line can be constructed simpler? The
automatic vehicle can be equipped with a weight sensor to know how much weight
it is loaded and how many people are aboard. Time delay can be installed to make it
stop at the station for some time.

This paper discusses the concept of an automatic vehicle by using a weight sensor
to inform the vehicle of the goods loaded. The prototype is equipped with time delay
and move in the production line scenario. The vehicle moves from one station to
another, imitating the transportation system in the factory.

2. AUTOMATICVEHICLEDESIGN

The automatic vehicle design proposed in this study is shown in Figure 1, where
the design kept simple, employing two sensors, weight, and line sensor. The concept
of line follower robot is developed into this automatic transport system. The line
sensor is built from photodiode that can differentiate between dark and bright;
therefore, the vehicle stays on the line. The line sensor is used to detect the color of
the surface under the vehicle; therefore, the line sensor canproduce the vehicle 's
position logic. The positioning logic generated by this line sensor is used as an input
to the microcontroller. A line sensor consists of a photodiode as light receivers and
LEDs as light transmitters.
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FIGURE 1. Block Diagram of Automatic VVehicle Design.

The main controller is ATMega 2560, built inside the Arduino Mega 2560 that
receives the input to govern the vehicle motion. The DC motor isdriven by Motor
DC Driver L298N. The L298N DC motor driver has 2 H-Bridge circuits within the
H-Bridge IC system that can be used to drive two DC motors. H-Bridge DC motor
drivers L298N can deliver currents up to 1A each. However, in its use, the H-Bridge
DC motor driver L298N can be used in parallel, so that the power to deliver the H -
Bridge DC motor driver L298N should be 2A. IC L298N 's has four input channels,
which can accommodate TTL logical inputs. Every of these input channels has an
output. The complete electrical circuit is shown in Figure 2.
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FIGURE 2. The Electrical Circuit of Automatic Vehicle Design

3. WEIGHTSENSOR UTILIZATION

The Weight Sensor is a sensor used to detect the pressure or weight of the load.
The weight sensor used in this study is a Load Cell Sensor that is commonly used as
the main component of a digital weighing system. The load cell shall be used on the
weighbridge to determine the weight of a vehicle or a transport truck. The pressure
principle is applied to the measurements made by this sensor. The load cell sensor
applied to this study has the maximum working capacity of 2 kg, low voltage
operation 5-10 Vpcor 5-10 Vac, small and practical size, low resistance on input or
output, 0.05% of non-linearity, and working temperature range -10°C to +50 °C.

FIGURE 3. The Modeling of The Weight Sensor Applied in This Study.

The weight sensor converts forces such as pressure, tension, and compression
into the electrical signal received by the controller, and display the result of
measurement to the display, as shown in Figure 1. Figure 3 shows the modeling of
the weight sensor applied in this study, where Vg, is the excitation voltage, which is
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constant, ; is the output voltage, R, and R5 are tension strain gauge, and R, and R,
are compression strain gauge.

If R, to R, in Figure 3 are balanced, % = %, then Vo is zero. Therefore, if there
2 3

are changes in Ry to Ry, then V, changes respectively. The changes in Vj is
measured by using Ohm’s Law, [ =£. Hence, based Wheatstone bridge
configuration in Figure 3, the voltage output is given by

_ Rz R
Vo = (R3+R4 R1+R2) Vex- (1)

4. RESULT AND DISCUSSION

This study proposes an automatic transport system concept as one of the ways to
improve efficiency in industry and daily human life, and also as the way to conduct
the new normal of social distancing by reducing the number of people inside a
closed room, such a vehicle. The considered research is how to create an automatic
vehicle with as simple as a possible concept.

4.1 EXPERIMENTALSETUP

Figure 4 shows the designed vehicle considered in this study. The vehicle is
equipped with a loading tray to transport the load from the assigned points. Line
sensors are assigned to read the track shown in Figure 5, and the weight sensor is
used to detect the weight attached to the robot to determine the destination.
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FIGURE 4. The Automatic Vehicle Design.
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The prototype of a vehicle is a robot transporting goods based on the weight
parameters carried. A weight sensor or load cell is mounted under the robot cross-
section, while a load tray is mounted at the top of the robot cross-section, as shown
in Figure 3. Thus, when the load is placed on top, the load cell reads the weight of
the shipment carried by the robot and displays it on the LCD (Liquid Crystal
Display). Then the pressure that was read was entered into the controller. The
controller shall decide the assigned destination based on the weight of the load.

Figure 5 shows the track to the effectiveness of the proposed method. The track
length from start to point C is 170 cm (only straight), 55cm (turn left) from the
intersection to point A, and 55cm (turn right) from the intersection of point B. The
destination of the vehicle shall be decided based on the weight of the load carried. If
the vehicle is mounted an amount of 50-150 grams, the robot goes to point A, and if
the vehicle is given a weight of 250-350 grams, the robot goes to point B while
transporting a pack of 150-250 grams, the robot goes to point C.

|7 150 Cm4|
C

START

FIGURE 5. The Assigned Track.

4.2 EXPERIMENTAL SETUP

The automatic vehicle is assigned to carry a packet from start to point A, B, and
C shown by Figure 5, to show the effectiveness of the proposed method. The vehicle
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decides the destination automatically based on the packet mounted on the loading
tray, shown in Figure 4. The vehicle moves the package fromstart to point (A, B, or
C), and, as the package is unloaded, the vehicle returns to the starting point and is
ready for the next task. Figure 6 shows the screenshots of the robot transporting the
load from point to point.

Load Tray |

~ Automatic|
~ Vehicle |

(©) (h)
FIGURE 6. Proposed automatic transport system.

Figure 6a shows the vehicle in starting position and transport a 118.31 grams
package; therefore, it moves to point A (Figure 6b and 6c¢). Figure 6d robot delivers
a 264.47 grams package to point B. Figure 6f and 6g show the robot transport the
package (150-250 grams) to point C and returns to the starting point in Figure 6h.
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Table 1 shows the relationship among line sensors, motor speed, and vehicle
direction as it delivers the package to assigned points. Table 2 shows the difference
scaling between the weight sensor applied in this study and the conventional scaling
device.

TABLE 1.
The Relationship of Line Sensors, Motor Speed and Vehicle Direction
Motor Speed :
(RPM) Line Sensors Robot Direction

Left Right 1 2 3 4 5 6

30 90 1 0 0 0 0 0 Forward

50 70 0 1 0 0 0 0 Forward

70 50 0 0 1 0 0 0 Forward

90 30 0 0 0 1 0 0 Forward

50 70 1 1 0 0 0 0 Forward

70 70 0 1 1 0 0 O Forward

70 50 0 0 1 1 0 O Forward

40 70 1 1 1 0 0 0 Forward

70 40 0 1 1 1 0 0 Forward

90 0 1 1 1 1 0 0 Forward

20 90 0 0 0 0 1 0 Turnright

90 20 0 0 0 0 0 1 Turn Left
TABLE 2.

Load Cell Scaling Comparison to The Conventional Machine

Load CellScaling Conventional Weight Machine Scaling Difference

(gram) (gram) (gram) (%)

98.725 100 1.275 1.29%
99.239 100 0.761 0.77%
98.092 100 1908 1.95%
200.344 200 0.344 0.17%
200.843 200 0.843 0.42%
199.238 200 0.238 0.12%
298.381 300 1.381 0.46%
300.137 300 0.137 0.05%
299.924 300 0.924 0.31%
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TABLE 3.
Load Weightand The Assigned Destinations

Destination A Destination B Destination C

Load Welght 5150 gram  250-350 gam  150-250 gam  Result
100 v - - Succeed
90 - 4 Fail
60 v Fail
170 v Succeed
200 v Succeed
230 - v Succeed
260 v Succeed
280 v Succeed
300 v Succeed

The vehicle was tested to deliver a load in various weight to be delivered
automatically to the point A, B, or C. Table 3 shows that when the weight is less
than 100 grams, the input to the controller seems not right and resulted to the
packages delivered to the wrong destination. However, when the package is more
than 100 grams, the vehicle can automatically deliver the package to the assigned
destination.

5. CONCLUSION

This study discusses the concept of an automatic transport system when the
vehicle delivers the package to its destination based on the weight of the package.
This concept is useful in reducing human involvement in the transportation and
commuting system in line with the current pandemic situation. The vehicle was
tested to deliver different packages and 100 percent accurate when the package was
more than 100 grams.
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