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1. INTRODUCTION

The logistics sector is one of the fields that is developing and influencing national economic growth.
It consists of people, processes (operational practices), and technology [1]. In the millennial era, intelligent
devices based on information and communication technology are needed to make the system effective and
efficient which leads to industry 4.0 [2]. In addition, many intelligent devices can help daily human activities,
for example using artificial intelligence (Al), robotics, strength and energy.

The development of information and communication technology makes the community needs an
effective and efficient device and has a "smart" value as implemented. Smart in this case is able to help humans
significantly. One of contributions that can be easily implemented in the environment around us is the logistics
devices developed in robotics, for example in warehousing [3]. The distribution of warehousing and shipping
goods is the purpose of this research. Nowadays, people still use conventional energy to move one item to
another place. In Lazada, Pos Indonesia, JNE, human labor becomes the main in the distribution of logistics
goods so it requires a lot of resources and requires more time. Automatic Line follower based robot delivery
machine has been implemented to assist the process of transporting goods and working semi-automatically.
This is effectively done and this research develops it by adding the Obstacle Avoidance algorithm [4].

In other studies, new path planning methods for the mobile robots have been developed and
implemented. Robot moves based on the shortest path from the starting point to the destination point, this path
planner can choose the best direction of moving [5] [6]. Whereas in other cases, intelligent obstacle avoidance
can find a target point with the shortest path length while avoiding some infinite loop traps from some obstacles
in an unknown environment [7]. In addition, with continuous updates of onboard sensor information, this
approach can produce mobile robot trajectories that are both static and dynamic.

This research will implement intelligent logistics robots effectively and efficiently to assist human work
in the distribution of logistics goods using Human Following Robot and Obstacle Avoidance Algorithm. Thus,
warehousing and shipping units have the ability to run the algorithm intelligently, correctly, safely and
efficiently.
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2. RESEARCH METHOD

This research has a simple method that will be tested in the Institut Teknologi Telkom Surabaya
environment before it is developed into industry; the weight of the item is not more than 10kg; and the
contribution in this research is the effectiveness and efficiency of logistics goods transfer time.

2.1. Design of Transporter

The purpose of this research is to create an intelligent logistics robot that can move goods automatically,
so there is no need for a manual to do this. However, the system designed in this experiment is that robots can
follow people who will move logistics goods in warehouses from one location to another by using the method
of recognition and tracking the motion of an object to be followed. In this case the robot follows the green
object. In addition, the system designed has the ability to detect obstacles when the transporter follows the
object to move goods by making the decision to stop the movement temporarily while the obstacle still exists.
Block diagram of the system designed can be seen in the following Figure 1.
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Fig. 1. Block System Diagram

The working principle of the system block diagram is as follows:

e  The camera sensor captures the green object in front of it, then the data enters through the USB cable
that enters the PC in which there is a threshold algorithm.

e  Thresholding is one method of image segmentation with a process based on differences in image gray
degree, the intensity value of the image is more than or equal to the threshold value will be changed
to white (1) while the image intensity value less than the threshold value will be changed to black (0),
so that the output of the thresholding results is in the form of a binary image.

e  Arduino Mega that uses IC Microcontroller ATmega 2560 is a robot drive algorithm. This board has
a relatively large number of I / O pins, 54 digital inputs / outputs, 15 of which can be used as PWM
outputs, 16 analog inputs, and 4 UARTS. Arduino Mega 2560 equipped with 16 Mhz crystals for
relatively simple use, namely by connecting power from USB to PC or via DC jack using a 7-12 VV
DC adapter.

e  Furthermore, the robot works optimally with the left and right drivers and the battery voltage source
on the robot is 12 V.

2.2. Hardware of Smart Robot

Intelligent logistic robot (transporter) in this study is called "Smart Robot (Srobot)" which acts as a human
helper robot in the field of logistics or moving goods. The design of the Srobot system consists of a Kinect
camera that serves to detect green images / objects. This camera is connected to the battery as a voltage supply
and a PC that is used by researchers for algorithm implementation. While Arduino also functions as a robot
amplifier algorithm. The robot hardware design is shown in Figure 2 and the hardware robot model / Srobot
hardware design is obtained in real in Figure 3. The hardware that will be built consists of 4 parts, namely the
image / image processing device and the following algorithm (follower), transporter drive device, data /
command processing device, and obstacle detection device.

There are mathematical equations for the motor used by robots are as follows

E,=V,—I,R, 1
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Based on the picture above, the device processes the image using an RGBD camera to obtain RGB data
and the depth of the captured image. The data obtained will be sent to a single board computer, Raspberry Pi
3, for processing on an embedded algorithm [8]. Processing results on a single board computer will be sent via
USB serial communication connected to an Arduino microcontroller consisting of request data to drive a DC
motor so that the transporter will be moved according to the planning and commands needed to find each object
[9]. While the infrared sensor is used to prevent obstacles in front of the transporter so that the It will be moved
if deemed to have obstacles. When robots are widely implemented in logistics, it is estimated that up to 40
percent of robotics can offer cost reductions [10].
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3. RESULTS AND DISCUSSION

In this section, the results of research are explained and at the same time is given the comprehensive
discussion. Results can be presented in figures, graphs, tables and others that make the reader understand easily.
The discussion can be made in several sub-chapters. It is strongly suggested that comparison wih results from
other published articles are provided to give more context and to strengthen the claim of novelty.

3.1. Robot Operating System (ROS)

ROS consists of meta-operating systems or frameworks that are open source in which there are operating
systems in general, including hardware abstraction, lower-level device control, implementation of commonly
used functions, and delivery of messages or data between processes and package management. In this research,
ROS is used to program and control robots [11]. The block diagram of basic concepts of ROS is shown in
Figure 4. This software provides tools that add new functionality to the robot, such as autonomous navigation
and visual perception and there are many examples and source code, including sensors. The basic concept of
the Robot Operating System consists of:

e Ros Master, provides the naming and registration of each networked node, tracking each
publisher and subscriber to topics and services.

¢ Node, an executable program that does computing. It is the same as playing, where all topics and
services are published by node.

o Messages, is an interface definition language (IDL) in the .msg file.

e Topic, used for communication between nodes. Each topic is given information that matches the
type of message used.

e Service, is a communication tool, but is more flexible than topic.

/service

TS LTSI, SL

/node_a

Publishes

Subscribes

> /a_topic

Fig. 4. Block Diagram of Basic Concepts of ROS

3.2. Object Follower Algorithm

Object follower algorithm method with HSV color detection is done by selecting pixel samples as a color
reference to form the desired segment. Digital images use RGB color as the color reference standard, therefore
the initial process in this method requires the conversion of the RGB to HSV color model [12]. To form a
segment with the desired color, tolerance values are determined for each color dimension of HSV, then the
tolerance values are used in the calculation of the adaptive threshold process. The results of the threshold
process will form an area segment with a color according to the desired tolerance.

The color detection used in SROBOT is green. It is HSV: [50, 100, 100], [70, 255, 255]. When the camera
sensor detects a color, the robot will automatically follow the color wherever the color moves.

Fig. 5. The green color object
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Kinect 360 sensor (Figure 6) is a sensor component that uses serial communication that is connected to
the Kinect USB sensor on a PC. It has a sensor voltage source which is a 12V battery. Kinect XBOX 360 has
a 1414 Kinect model that can be used for standalone Kinect adapters). The RGB camera owned by the 1414
model Kinect camera has a resolution of 640 x 480 pixels, so does an infrared camera having the same
resolution, which is 640 x 480 pixels.

Fig. 6. Kinect 360

Testing is done by running the open Kinect library in IDE processing. This library contains calculations
to activate it and can capture images displayed. The image is then displayed in real time in IDE processing
using the Capture () class. Testing for Kinect cameras is divided into two, namely RGB camera testing and
infrared camera testing. In this research, smart robot (Srobot) uses RGB camera testing to detect color objects.

3.3. Aluminum Frame

The parts that will be designed are the base of the transporter, the touchscreen display buffer section along
with the camera, and the part that is used as a place to carry logistical goods (Figure 7, Figure 8, Figure 9). The
initial prototype of Srobot is as follows. The robot mechanics above are the results of trial and error testing
done by students with several experiments. as in other studies, this research is expected to be a platform that
can support in an unstructured office environment and demonstrate avoidance protection [13]. After the robot
mechanic is successful, then another test carried out is measuring the obstacle error tracking level.

Fig. 8. Stage 2 robot mechanics
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Fig. 9. Stage 3 robot mechanics

3.4 Error Tracking Testing Results

All logistics transporter platforms currently in use can navigate safely and avoid static and dynamic
barriers. The ability to detect and track humans around robots has become a major focus [14]. In addition, the
robot is expected to receive users by obtaining data depth to set and manage distances [15]. Adaptive algorithms
can also be used in research, namely by utilizing sensor data testing via Kinect installed for tracking people
and robots must retrieve data on each person who is walking [16][17]. So in this study we created intelligent
logistic transporters by utilizing green detection before tracking human presence around. The depth of the data
being tested is the error response on the right and left robot coordinate path, as in the following figure.

The Figure 10 is a graph of the error response tracking obstacle robot on the right. When a robot crosses
a path with various obstacles, we also calculate what the error value is in the test. If the error value is zero, then
the robot has reached the target object.

Obstacle Error Tracking-Right

Coordinate

0 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70

Time

Fig. 10. Obstacle Error Tracking — Right

From Figure 10, it can be analyzed that at first the data received has a high error value, but then for trial
and error we have got a small error value. The data is a test data repeatedly by making several possibilities
when testing the robot path (Figure 11).

The graph of the left obstacle robot's tracking error response in Figure 12 and Figure 13 when the robot
crosses the path with various obstacles, we also calculate what the error value is in testing. If the error value is
zero, then the robot has reached the target object.
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Fig. 13. Obstacle Error Tracking — Left
The prototype image of the intelligent robot that we made is in Figure 14, and the development for further

research is to make the intelligent robot with two main algorithms, namely path planning and obstacle
avoidance autonomously.
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Fig. 14. Prototypg of Smért Robot (Srobot)

4. CONCLUSION

Based on the research and discussion data described above, conclusions can be drawn from the system
test results that can help move goods by following the movements of the object as long as the object is within
the reach of the robot so that the robot recognizes the object by approaching to find the object. Object detection
camera sensor respondents were declared feasible so that the use of object detection robot learning media can
improve and be implemented at Institut Teknologi Telkom Surabaya.
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