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Abstract: In response to the rapid global development of industrial technologies
and the resulting rapid growth in the production lines of industry and manufactur-
ing, traditional manufacturing must become intelligent and automated, and under-
go the process of informatization. Machines can reduce human errors, replace
manpower, and even work better than manpower in certain aspects. Over recent
years, the Internet of Things (IoT) has been applied in a wide range of fields.
IoT helps control all the production information of factories in real time, and
accordingly, reduces labor cost, improves quality, efficiently handles exceptions,
and swiftly meets market demands, and how to achieve such a goal is a focus of
current studies. This study proposes an IoT-based communication system that can
monitor the operations of robotic arms and return data to users through a system
interface in real time. This communication system is based on Fieldbus as the sys-
tem architecture, and utilizes HIWIN Company (HI-tech WINner) Robot System
Software (HRSS) and an electric gripper’s intelligent measurement function to
collect and analyze data. On this basis, this study efficiently determines whether
the quality of products meets the standard, and uses the Weintek human-machine
interface to remotely adjust robotic arms to achieve intelligent monitoring.

Keywords: Internet of things; fieldbus; HIWIN robot system software (HRSS);
weintek man-machine interface; modbus

1 Introduction

Industry 4.0 was first proposed by Germany, and to date, Industry 4.0 has not completely replaced
Industry 3.0, as it is still in the transition period from Industry 3.0 to Industry 4.0. The German
government expects to maximize production automation in the next 10 to 15 years with the IoT and big
data as core technologies of Industry 4.0, and replace more and even all manpower with robots, in order
to ultimately achieve “unmanned factories”. IoT is generally defined as collecting data for big data
analysis by combining systems and machines, and the corresponding results are used to make business
transformations or decisions, and to achieve intelligent industrial operation. Nowadays, industry and
manufacturing are transitioning to automated production. Industry 4.0, which is a German strategic
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initiative, is aimed at creating intelligent factories by interconnecting all factory components over a network
to combine automation and intelligence. The vision for intelligent factories is shown in Fig. 1a [1,2].

This paper proposed a Fieldbus-based robotic arm remote control system that uses HIWIN Robot
System Software (HRSS), the Weintek human-machine interface (model: MT8102ie), and the Modbus
communication protocol. Through the Weintek human-machine interface, operators can remotely monitor
robotic arms and collect data (such as, the axial direction of a robotic arm, Input/Output signals, program
modification, and detection of end devices) for data analysis and problem handling, in order to achieve
intelligent manufacturing.

2 Literature Review

2.1 Fieldbus Communication Protocol

Fieldbus is a general term for various industrial communication protocols. Before the emergence of
Fieldbus, most industrial controller systems were interconnected through the RS232 protocol for serial
communications. As it was limited by the techniques and communication formats, Fieldbus could only
support communications between two devices [3,4]. Now, Fieldbus is integrated with Ethernet to a
greater extent, which allows connecting multiple field devices to any endpoint or controller, thus,
Fieldbus is a set of protocols other than a connection type. The fieldbus technology appeared in
1988 with the completion of the ISA S50.02 standard; however, the development of the international
standard took a long period of time. In 1999, the SC65C/WG6 Committee on the Standards of the
International Electrotechnical Commission (IEC) held a meeting where the IEC 61158 standard was
passed. The standard defined eight types of protocols. In 2008, IEC updated the IEC 61158 standard,
which increased the original eight protocols to 15 protocols (Communication Profile Families, CPF) [5].

As discussed above and proposed by Modicone (Schneider Electric) in 1978, Modbus is a
communication protocol contained in Fieldbus. Modbus, which uses Programmable logic controller
(PLCs) for communications, is applied in a wide range of industrial control fields due to its ease of use
and low resource consumption. Modbus allows serial interconnections with various devices, such as
PLCs, industrial computers, and industrial robots. In 1998, Schneider proposed Modbus Transmission
Control Protocol (TCP) over TCP/ Internet Protocol (IP) Ethernet, which made the application layer of
Modbus applicable to more sectors for data collection over the Ethernet [6]. The Modbus communication

Figure 1: (a) The architecture for intelligent factories (b) Modbus/TCP data transfer format
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protocol uses master-slave architecture. One device is the master and other devices are slaves. Each slave
contains a unique address, which is used to connect to and communicate with the slave [7]. The Modbus
protocol has many versions that are used for serial ports (RS-232, RS-422, and EIA-485) and Ethernet,
which support Internet Protocol. Most Modbus devices communicate with one another through serial port
EIA-485. The frame defined in the Modbus communication protocol [8] contains four fields: device
address, function code, data, and error check code.

Modbus provides three data transfer modes: Modbus/ASCII (American Standard Code for Information
Interchange), Modbus RTU (Remote Terminal Unit), and Modbus Ethernet TCP. These modes use different
data formats. Modbus ASCII uses the easy hexadecimal ASCII (hex-ASCII) to encode data. A colon (:) is
added to the start in the frame followed by the address, function code, data, and Longitudinal Redundancy
Check (LRC). Carriage return and line feed are added to the end. A distinguishing characteristic of Modbus/
RTU is no specific start or end character, and the use of binary coding and strong CRC error-checking. A
Modbus/RTU message contains a device address, function code, data, and CRC [9]. The data transfer
format, as defined in the Modbus/TCP protocol, must be complied with to allow data transfer between
devices through the network and application layers using the Modbus protocol in the Modbus/TCP mode,
as shown in Fig. 1b [10,11]. In addition to the basic format content in a message, the function code, and
data, a Modbus Application Protocol header must be added to the start of a message. The header contains
four fields: transaction identifier, protocol identifier, length, and unit identifier, as listed in Tab. 1.

The Modbus/TCP protocol defines that the protocol identifier must be 0, and the data length is the byte
count of the following fields starting from the Unit Identifier. The Modbus protocol defines the following
object types: coils, discrete input, holding registers, and input registers, as listed in Tab. 2. Lists the
addresses of the object registers defined by Modbus, where each object type has 65,535 reference
addresses, and different registers can be planned according to specific products. Furthermore, Modbus
also defines function codes for various purposes according to different object types [12].

Table 1: Content of MBAP header

MBAP header

Fields Length Description Client Server

Transaction
identifier

2 Bytes Transaction identifier and
packet (Corresponding)

Initialized by the client Replied to the same ID codes
received

Protocol
identifier

2 Bytes 0 = Modbus protocol Initialized by the client
(always = 0)

Replied to the same ID codes
received (always = 0)

Data length 2 Bytes Length of following data Initialized by the client
according to packet

Initialized by the serve
according to packet

Unit
identifier

1 Byte Identification of a remote
slave device

Initialized by the client Replied to the same ID codes
received

Table 2: Object types and addresses registers defined by Modbus

Object type Execution type Bit Address

Coils Read/Write 1 bit 000001–065535

Discrete Input Read-Only 1 bit 100001–165535

Holding Registers Read/Write 16 bits 200001–265535

Input Registers Read-Only 16 bits 300001–365535
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2.2 Accuracy and Precision

Accuracy refers to how close an average value of successive measurements (measured value) of the
same variable under the same measurement conditions (same operator, same measurement system: 2D,
3D, or vernier caliper) is to the actual (true) value; for example, the error between an average measured
value and the actual (true) value. Precision refers to how close the measured values of the same variable
under the same measurement conditions (same measurement method) are to each other [13–15].

Fig. 2 shows the relationship between accuracy and precision, and measured values must be both
accurate and precise [16,17]. The result shown in Fig. 2a should be obtained if both the measurement
instrument and the operator are stable and reliable. Fig. 2b indicates that both the measurement
instrument and the operator are unreliable. In this case, the operator should immediately stop operation,
and review and identify the problem; otherwise, inaccurate values will result in critical quality incidents
and wrong decisions [18]. Fig. 2c indicates that there is a high probability that the operator used a
defective measurement method or technique, and corrective measures should be taken. Fig. 2d indicates
that the measurement instrument was defective, meaning inaccurate measured values were obtained
despite a skilled operator. In this case, the operator needs to calibrate the instrument.

2.3 Regression Analysis

The term regression was introduced by Sir F. Galton, a British eugenicist, in the paper Regression
towards mediocrity in hereditary stature in 1885, which conducted a study on the correlation between the
heights of children and their parents. He showed that the height of children from very short or very tall
parents would move towards the average, and called this phenomenon “regression to the mean” [19].

Regression analysis is aimed at determining the correlation between two or more variables, and building
a mathematical model to observe certain variables to identify quality or incident factors, in order to facilitate
judgment and study. Regression Analysis can be divided into simple regression and multiple regression.
Simple regression explores the correlation between one dependent variable and one independent variable.

Figure 2: Relationship between accuracy and precision (a) Both accurate and precise (b) inaccurate and
inaccurate (c) Accurate but not precise (d) Precise and inaccurate (e) System architecture
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Multiple regressions explore the correlation between one dependent variable and multiple independent
variables. The following describes the formulas for simple regression and multiple regressions [20]:

Formula for Simple Regression:

Y ¼ b0 þ b1X1 þ e (1)

where, Y: Predicted result; β0: A constant; β1: Regression coefficient; X1: Influence factor; ε: Error (residual
error)

Formula for Multiple Regression:

Y ¼ b0 þ b1X1 þ b2X2 þ . . . :þ bnXn þ e (2)

where, Y: Predicted result; β0: A constant; β1…….. βn: Regression coefficient; X1: Influence factor; ε: Error
(residual error)

This study used the regression analysis suite in Excel to analyze the variance between manually and
automated measured values to build a regression analysis model.

3 System Architecture and Hardware Devices

3.1 System Architecture

This study divided the system architecture into three parts, as based on IoT: sensing layer, network layer,
and application layer, as shown in Fig. 2e. At the sensing layer, an end device (electric gripper) was installed
on a robotic arm to hold a workpiece for monitoring the dimensions of the processed workpiece, the
processing errors, and determining whether the workpiece is defective. At the network layer, data was
collected using the electric gripper and the robotic arm, and was sent to a computer through the HRSS
installed in the master control computer and the SWITCH network switch for data analysis and statistics.

3.1.1 Work Process of the Monitoring System
The Fig. 3a presents the work process of the monitoring system, which involves gripping, and placing

the processed parts with the end device (electric gripper) on the robotic arm, and sending the measured values
to HRSS, which in turn transfers the data to a computer or cloud software for storage or preparing a table or
chart. The operator can use such data to improve processing conditions or machine utilization.

Figure 3: (a) The architecture of the monitoring system (b) Work process of the remote-control system
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3.1.2 Work Process of the Remote-Control System
Fig. 3b shows the work process of the remote-control system, which provides the results of data analysis,

as implemented in the computer by the operator, in order to determine whether or not to change program
parameters. Through the Weintek human-machine interface, the operator can modify the HRSS arm
parameters and end clamping force, and save the modified values, and the processing data is continuously
returned for records.

3.2 Hardware Devices

This system used an ASUS P5440U laptop computer as the Modbus message window. The developed
HRSS application was installed in this computer, and used to connect to the end electric gripper and the
human interface device. This system used the Weintek human-machine interface (model: MT8102ie). The
operator could control the robotic arm and modify parameters on this interface through a network port
and computer link. The Fig. 4a shows the Weintek human-machine interface.

HIWIN Robot System Software (HRSS) is combined the HIWIN and HRSS, the HIWIN electric gripper
XEG-32 is equipped with a stepper motor combined with an encode HRSS r and is a two-finger type
intelligent gripper with intelligent functions, such as auto-tuning original reset, gripping force model
establishment, instant self-adjusting clamping force, stroke boundary detection and correction. It can also
output the signals of the gripper state, abnormal alarms, object identification, etc. Fig. 4b shows the
HIWIN electric gripper XEG-32 lists its specifications. HRSS is a free human-machine interface
developed by HIWIN. Users can download HRSS from the official website of HIWIN and install it in
their computers for use. The HRSS includes all functions for HIWIN’s robots, such as I/O signal, counter,
and communication test. Even without a robotic arm, users can use HRSS for offline simulation. The
programming language used by HRSS is similar to C and C++, meaning it offers ease of use. Fig. 4c
shows the operating interface of HRSS, and Tab. 3 describes the functions of HRSS marked in Fig. 4c.

Figure 4: (a) Weintek human-machine interface (b) The HIWIN electric gripper XEG-32 (c) Operating
inference of HRSS

Table 3: Functions of HRSS

Item Function Description

1 Main menu Displays the main menu.

2 Error message window Prompts error messages according to default settings.

3 Action ratio The program intelligently determines to change the specific action ratio.

4 Status bar Indicates the operating status of the arm.

5 Tool and base View the SN of the selected tool and base. Click to change the SN of the
selected tool and base

(Continued)
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The XEG-W1+ electric gripper software is developed by HIWIN. With this software, operators can
easily control the electric gripper, and set up complex instructions, such as gripping range, object
recognition, value interpretation, and actions (move, grip, read, write, etc.). With a robotic arm, PLC, and
a linear motor module, when the end device grips and senses an object, the software can return data to
the operator for intelligent monitoring. The software provides a simple interface for ease of use. Fig. 5a
[21] shows the operating interface of the EG-W1+ electric gripper software, and Tab. 4 describes the
functions of HRSS marked in Fig. 5a.

3.3 Experimental Simulations and Result Analysis

To understand the differences in accuracy and stability between an automated measurement system and
manual measurement, this study implemented ANOVA, prepared control charts for variables, and
implemented regression analysis to analyze whether traditional factories can reduce manpower in quality
testing and defect screening by introducing Industry 4.0 and innovating with robotic arms and electric
grippers for intelligent measurement. Furthermore, the parameters of robotic arms and electric grippers
can be remotely returned, and object data can be returned to users for efficient management.

Table 3 (continued)

Item Function Description

6 Execution mode
switchover

Selects single step execution or successive step execution.

7 Teach pendant location
configuration

Click the button to select the relative location of the teach pendant to the
robotic arm.

8 Status display run key Displays the current coordinate system that is being manually run using
the run key. Click this key to display all coordinate systems to choose.

9 Run key In the axis related running mode, axis numbers (A1, A2, etc.) are
displayed.
In the Cartesian running mode, the directions of the coordinate system are
displayed. If a six-axis robot is being operated, X, Y, Z, A, B, and C are
displayed. If a four-axis robot is being operated, X, Y, Z, and A4 are
displayed.

10 Keypad button Click this button to display the keypad.

11 Simulation screen view Switch the simulation screen view.

12 Button bar This bar changes dynamically and displays the windows that have been
opened in HRSS. The button on the far right is editable, and is intended to
invoke multiple commands of the navigator.

13 Battery icon Indicates the battery status of the absolute encoder.

14 Lock execution button When the program is being executed, click this button to lock or unlock
the execution of the program.

15 Next step button Execute the next single step.

16 Home button Press and hold the button to return to the home page.

17 Program execution
control

The three buttons are used to run, pause, and stop the program,
respectively.
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3.4 ANOVA Experimental Simulation

Data must be collected to understand the measurement accuracy of manual measurement and intelligent
measurement using an electric gripper. Tab. 5 lists the manual measurement instrument and its specifications.
In this experiment, the measurement objects were metric hexagon socket head cap screws (1/2) Dimensions:
M6, M8, and M10, where the measured part was the screw head. Tab. 6 lists the measurement objects and
their specifications. Dimension error tolerance was determined based on Page 5 of the standard mechanical
design handbook, as prepared by Fujio Oguri and Atsuo Oguri [22].

Figure 5: (a) Operating interface of the XEG-W1+ electric gripper software (b) Manual measurement
operations

Table 4: Functions of XEG-W1+

Item Function Description

1 Gripper connection Set COM port, select model type, and confirm to connect

2 Data Setting Action setting (object identification and initial setting)

3 Auto-run Set auto operation (execution action and loop execution)

4 Data table Data table (with write parameter settings)

5 Software version Version of the software

6 Software run key Run key of the software

7 JOG Jogging button (switch)

8 Position Operation distance of the gripper (unit: mm)

9 I/O Status Signal status display button

Table 5: Manual measurement instrument and specifications

Mitutoyo electronic caliper (500-197-20)

Specifications

1 Measurement range 0 ~ 200 mm

2 Measurement accuracy 0.01 mm
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First, three engineers (operator A, operator B, and operator C) manually measured metric hexagon
socket head cap screws M6, M8, and M10 for five times, respectively, using the same Mitutoyo
electronic caliper. The caliper was reset after each measurement to ensure the accuracy of the
measurement instrument. The manual measurement operation pictures are shown in Fig. 5b.

Formulas for calculating the total variance of engineers A, B, and C are, as follows, respectively:

r2 ¼
PN

_I�1 x_I � l
� �2

N
(3)

Engineer A ¼ 9:909904ð Þ2þ 0:018496ð Þ2þ 9:072144ð Þ2
3

¼ 6:333514

Engineer B ¼ 10:032ð Þ2þ 0:019787ð Þ2þ 9:160711ð Þ2
3

¼ 6:404166

Then, this study used an electric gripper to collect data and implement experimental analysis. Tab. 7
listed the automated measurement instrument and its specifications.

The use of the HIWIN XEG-32 electric gripper required HRSS for automated measurement; therefore,
HRSS was used for programming to collect data, as shown in Fig. 6a.

Table 6: Measurement objects and specifications

Metric hexagon socket head cap screws (1/2)

Picture Screw head dimension error tolerance

Reference
dimension

Maximum
dimension

Minimum
dimension

10 mm 10.22 mm 9.78 mm

13 mm 13.27 mm 12.73 mm

16 mm 16.27 mm 15.73 mm

Table 7: Automated measurement instrument and specifications

HIWIN XEG-32 electric gripper

Specifications

1 Measurement range 0 to 32 mm

2 Measurement accuracy 0.01 mm
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The three engineers (operator A, operator B, and operator C) performed automated measurements of
metric hexagon socket head cap screws M6, M8, and M10 for five times, respectively, using the same
electric gripper. In order to ensure the accuracy of the electric gripper, the electric gripper was reset after
each measurement. The measurement object was placed in the measuring area of the electric gripper, as
shown in the red box in Fig. 6b. [23,24] The automated measurement steps are, as follows: 1. Trigger
DI3 in the program for an automated measurement. 2. Trigger DI2 to open the gripper after the
measurement. 3. Remove the measurement object and reset the gripper. 4. Place the measurement object
in the measuring position again and repeat steps 1 to 3 for another four times. Then, repeat steps 1 to
4 with another measurement object till completion of the measurement of all measurement objects.
Measured values in each measurement were directly stored in the HRSS buffer, as shown in the red box in
Fig. 6c. As the underlying computing method in HRSS required adding $C[A] = EG_GET_POS * 1000 in
the program, each measured value was rounded to the third decimal place.

3.5 Control Charts for Variables

Data must be collected to understand the quality analysis variances, as resulted from manually measured
values and intelligently measured values using an electric gripper. Tab. 8 lists the manual measurement
instrument and its specification.

This study also used the electric gripper to collect data for preparing the Xbar-R control charts and
implementing experimental analysis. Fig. 7 lists the automated measurement instrument and its
specifications. The use of the electric gripper required HRSS for automated measurement; therefore,
HRSS was used for programming to collect data, as shown in Fig. 8.

Figure 6: (a) Automated measurement program (b) Placement of a measurement object (c) Measured values
were stored in the buffer

Table 8: Manual measurement instrument and specifications

Mitutoyo electronic caliper (500-197-20)

Specifications

1 Measurement range 0 ~ 200 mm

2 Measurement precision 0.01 mm
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3.6 Regression Analysis

This experiment used three independent variables: measurement time, screw dimensions, and number of
measurements. These three variables are considered as major factors for measurement errors.

Figure 7: (a) x- control chart for manual measurement (b) R control chart for manual measurement (c)
Modified x- control chart for manual measurement (d) Modified R control chart for manual measurement

Figure 8: (a) x- control chart for automated measurement (b) R control chart for automated measurement
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3.6.1 Regression Analysis of Manual Measurement and Automated Measurement
This experiment engaged 15 operators with different years of service to obtain random measurement

times, M6 screw dimensions, and the number of measurements, in order to compare manual measurement
results with automated measurement results. First, this study collected data on years of service, random
measurement time, M6 screw dimensions, and number of measurements. The R2 and P-values of
measurement time (min), M6 screw dimensions (mm), and the number of measurements in manual
measurement were obtained and compared, and then, analyzed under the level of significance α = 0.05 to
determine whether manual measurement was correlated with measurement time (min), M6 screw
dimensions (mm), and the number of measurements [25,26].

b1, b2, and b0 were obtained using the data listed in the preceding table through a multiple regression
equation.

b1¼
Pn

i¼1 ðx2i��x2Þ2�
Pn

i¼1 x1i��x1ð Þ� yi��yð Þ�Pn
i¼1ðx1i��x1Þ�ðx2i��x2Þ�

Pn
i¼1ðx2i��x2Þ�ðyi��yÞ

Pn
i¼1 ðx1i��x1Þ2�

Pn
i¼1ðx2i��x2Þ2�½Pn

i¼1ðx1i��x1Þ�ðx2i��x2Þ�2
(10)

b1 ¼ 1:02441597� 31:998� 0:0699775ð Þ � 0:04ð Þ
22� 0:032015� 0:04½ �2

b1 ¼ 1:0216169

0:70273
¼ 1:453782918

b2¼
Pn

i¼1ðx1i��x1Þ2�
Pn

i¼1 x2i��x2ð Þ� yi��yð Þ�Pn
i¼1ðx1i��x1Þ�ðx2i��x2Þ�

Pn
i¼1ðx1i��x1Þ�ðyi��yÞ

Pn
i¼1ðx1i��x1Þ2�

Pn
i¼1ðx2i��x2Þ2�½Pn

i¼1ðx1i��x1Þ�ðx2i��x2Þ�2
(11)

b2 ¼ 22� 0:0699775� 31:998ð Þ � 0:04ð Þ
22� 0:032015� 0:04½ �2

b2 ¼ 0:259585

0:70273
¼ 0:369395073

b0 ¼ �yi � b1 � �x1 � b2 � �x2 (12)

b0 ¼ 17:6667� 1:453782918� 4� 0:369395073� 9:872

b0 ¼ 17:6667� 5:81513672� 3:646668166 ¼ 8:20490016

The statistics of the multiple regression equation are estimated, as follows:

b1 ¼ 1:453782918; b2 ¼ 0:369395073; b0 ¼ 8:20490016

R2 and modified R2 were calculated using the preceding statistics of the multiple regression equation. ŷi
must first be obtained through the multiple regression equation, and the formula is, as follows:

ŷi ¼ b0 þ b1 � x1i� b2 � x2i (13)

SRR ¼
Xn

i¼1
ŷi � �yð Þ2 ¼ 66:7793;

SST ¼
Xn

i¼1
yi � �yð Þ2 ¼ 113:3334;R2 ¼ 66:7793

113:3334
¼ 0:589228771
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The formulas for calculating the modified R2 are, as follows:

R2
a ¼ �R2 ¼ 1� 1� R2

� �� n� 1

n� k � 1
¼ 1� 1� 0:58923ð Þ � 9

7

R2
a ¼ 1� 0:4107712ð Þ � 1:285714 ¼ 0:471865563

Fig. 9a Regression analysis for manual measurement. The coefficient of correlation R2 is 0.59, and the
modified R2 is 0.49, which have minor differences with the calculated results using the preceding formulas.
A R2 value that is more approximate to 1 means a smaller prediction error. Fig. 9b Regression analysis for
automated measurement. The coefficient of correlation R2 is 0.26, and the modified R2 is 0.062, which have
minor differences with the calculated results using the preceding formulas. A R2 value more approximate to
1 means a smaller prediction error.

3.7 System Implementation and Application

3.7.1 System Monitoring Interface
This study used the Fieldbus interconnection technique to connect a laptop computer to a HIWIN robotic

arm and electric gripper, as shown in Fig. 10a. The experiment opened HRSS, set the electric gripper, and
selected the model and specifications to connect. The measured values, as obtained by using the electric
gripper to hold the measurement object, were stored in the HRSS buffer, as shown in Fig. 10b. The
measured values were then exported to the laptop computer through Modbus, as shown in Fig. 10c, in
order to prepare the Excel file, as shown in Fig. 11a, then, the file was edited for analysis and study.
When the electric gripper failed to grip a measurement object or the dimensions of the measurement
object were abnormal, an error message was displayed, as shown in Figs. 11b and 11c, in order to prompt
the operator to handle the issue and prevent the production of a large amount of defective products.

Figure 9: (a) Regression analysis for manual measurement in Excel (b) Regression analysis for automated
measurement in Excel

Figure 10: (a) Connection between the electric gripper and the robotic arm (b) The measured values were
stored in the buffer (c) Data was transferred to the computer through Modbus
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3.7.2 Remote Monitoring Interface
As mentioned in the preceding section, the robotic arm utilized the Fieldbus interconnection technology

for data collection and monitoring. When a machine was abnormal or must be handled or adjusted, we could
make adjustment through the system interface developed by ourselves. Fig. 12a shows the architecture of the
remote system.

The simulated remote-control system is comprised of a laptop computer, an electric gripper and the
Weintek human-machine interface. First, this study opened the system interface, which was in the
disconnected status, meaning no signal lamp was displayed in the upper right corner, as shown in the red
box in Fig. 12b. The operators starts the HRSS and then sequentially presses the arm button, file button,
fieldbus button, and setting button, and then connects the system, as shown in Fig. 12c. After the system
interface was successfully connected, the Protcol2 indicator was lit in red, as shown in the red box in
Fig. 13a; and the signal lamp in the upper right corner was displayed, as shown in Fig. 13b. Then, we
proceeded with robotic arm adjustment.

The X, Y, Z, and C coordinates were the actual monitored positions of the robotic arm using HRSS, in
order that we could better know the position of the robotic arm, as shown in the red box in Fig. 13c. To adjust
the execution speed of the robotic arm, click Position in the system interface, and then, select X, Y, Z, and C
to adjust. After the adjustment, click “OK” to save the changes. Then, the robotic arm would move based on
the new position coordinates.

Figure 11: (a) An Excel file was exported from HRSS (b) An error message was displayed indicating that
the electric gripper failed to hold the measurement object (c) An error message was displayed indicating that
the dimensions of the measured object were abnormal

Figure 12: (a) The architecture of the remote system (b) The system interface was in the disconnected status
(c) Steps to connect the system interface
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3.8 Execution Result

The Fieldbus interconnection technology was the basis for data collection and robotic arm status
monitoring in this paper. The automated measurement function of the end electronic gripper was utilized
to collect the dimension data of the measurement object, and the same data was exported for analysis and
quality determination. In this manner, operators can analyze the probability of defects in current
production, understand whether there are problems in a production line as early as possible, and monitor
the conditions of the production line in real time. Furthermore, HRSS was connected to the remote
control system to allow operators to handle and tune gripper position remotely, rather than conducting on-
site handling and adjustment with a teaching pendant.

4 Conclusions

This paper aimed at realizing an extension of intelligent manufacturing, as proposed by Industry 4.0, to
address the unnecessary losses caused by human errors in traditional manufacturing, which relies on
manpower-intensive production, manufacturing, quality control, and monitoring. This paper proposed a
remote-control system that features automated measurement, data collection, and status monitoring, as
based on the Fieldbus communication protocol, by integrating several intelligent products to achieve the
purpose of the IoT and intelligent manufacturing. This system is comprised of HRSS, an electric gripper,
and a human-machine interface, and uses the Modbus TCP/IP Ethernet in the Fieldbus communication
protocol to collect test data. In order to analyze whether the data collected using this system is reliable to
allow operators to quickly analyze data and reduce human errors, this study compared the automated
measurements using this system and manual measurements. According to the results of variance analysis
in the preceding experimental sections, the accuracy of manual measurements depend on the operator’s
skills and mental state, and is uncorrelated to the type of measurement object.

This study used one robotic arm, one electronic gripper, one computer, and one control interface to
control and collect data. If this system is applied in factories in the future, one computer can receive and
collect the data transferred from multiple robotic arms, and centrally control these robotic arms, in order
to save labor and time. In this manner, operators can handle problems as early as possible and prevent the
production of defective products. In subsequent studies, other end and sensing devices, as well as visual
devices, can be introduced to collect diversified data, meaning more than just the dimensions of
measurement objects, in order to help factories transition to intelligent factories and improve their
competitiveness.

Figure 13: (a) The system interface was successfully connected (b) The system interface was successfully
connected to HRSS (c) Coordinate values in HRSS and the remote control system
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