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Abstract: In order to study the nonlinear remote moni-
toring system of the manipulator based on the network
communication technology, a research method of the
nonlinear remote monitoring system of the manipulator
based on the network communication technology is pro-
posed. In this article, in the Visual C++ environment, the
transmission control protocol/internet protocol technology
is used to build a remote monitoring system for the robotic
arm, and it mainly realizes the function of the robotic arm
running according to the trajectory in the remote. When
storing video, you need to specify the ID of the video source,
i.e., the synchronization source in the real-time transport
protocol data packet header identifies the robot, which can
monitor more clearly. The remote monitoring technology is
widely used in the modern automation industry, which not
only further extends the human space activity ability, but
also removes the human from the dangerous and complex
working environment. Therefore, the remote monitoring
technology has broad application prospects.

Keywords: network communication technology, remote
monitoring, robotic arm, track planning, nonlinearity

1 Introduction

In the new era of the new century, Internet technology
has developed rapidly and has penetrated into different

application fields, such as the current automation field.
In order to save manpower and time better, remote mon-
itoring has been highly valued and widely concerned by
engineers [1]. A robotic arm is a robotic device that can
have multiple functions. Through the remote control of
the robotic arm, not only can people work in a dangerous
environment, but also can replace people to complete the
tasks in places that people cannot reach [2,3]. Now,
remote robotic arms have achieved outstanding perfor-
mance in space exploration, telemedicine, tele-educa-
tion, etc., and are constantly exploring new fields to serve
the public in their daily life. Therefore, it has very impor-
tant research significance and good development pro-
spects to combine the monitoring method of the robotic
arm with the modern Internet level. The network robot
arm has appeared in various aspects such as space,
industry, ocean, and battlefield. In terms of remote manu-
facturing, in order to achieve industrial automation,
improve labor efficiency, and reduce the burden onworkers,
the use of remote-controlled robotic arms can play a very
good role. Remote operation enables people to operate
these devices anywhere; in the field of entertainment, it is
also possible to collect various sounds and images at the far
end and can obtain more information and entertainment
from more ways; in addition, network robots can also be
used in remote health monitoring to measure various data
of people’s daily life. Then the data are sent to the data
analysis center through the network. If abnormal, then tar-
geted treatment is carried out [4]. Remote video surveil-
lance system is a remote monitoring systemwith computer
technology as the core, combining with advanced multi-
media technology,networkcommunication technology,and
digital image compression technology. Remote video sur-
veillance integrates a variety of leading technology levels
in the new century, and has a forward-looking development
prospect. Now the types of robotic arms are becoming more
and more diverse and intelligent, and they are constantly
exploring new fields. When the operator is far away from
the robotic arm, by adding video surveillance, it is more
convenient to monitor and control the remote robotic arm
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in real time. Particularly in dangerous, complex, and harsh
environments, using video technology to supervise and con-
trol the current status of work applications can better play
the control role of long-distance video technology. With the
advancement of science and technology, remote video sur-
veillance has penetrated into almost all industries as an
important tool. Therefore, this article takes the traditional
manipulator as the background, and details its work in the
long-distance video control technology. This subject is of
extraordinary significance for thepromotionandapplication
of advanced networked automatic control technology [5].

2 Literature review

Remote monitoring is to separate the controller and the
controlled object in physical locations and use certain
communication means to realize the transmission of con-
trol information, video information, and feedback infor-
mation. Generally, when the operator is far away from the
controlled object, remote video surveillance technology
is often used [6]. The remote video monitoring system is
a remote monitoring system with computer technology
as the core, combined with advanced multimedia tech-
nology, network communication technology, and digital
image compression technology. It is an organic combina-
tion of traditional monitoring systems, computer infor-
mation technology, and network technology. It is an
organic whole composed of related electronic equipment
and transmission media such as video capture, transmis-
sion, monitoring, and system control. It can transmit the
monitoring information of the monitoring site to other
computers in the network through the computer network,
and integrate it with the information management system
to achieve the purpose of remote monitoring. Generally,
the remote monitoring system includes two parts: local
and remote monitoring, which is composed of remote
monitoring site and monitoring center. The remote mon-
itoring site and monitoring center are connected by net-
work communication lines [7,8]. Many scholars have
carried out various research studies on the topic of remote
video surveillance. In terms of long-distance supervision
and control of conventional robotic arms, foreign research
levels are relatively more active and advanced. A long time
ago, some foreign research institutions have created var-
ious robot control sites, mainly through the network to
effectively control the robot, to achieve some simple opera-
tions. Postolache et al. completed the Mercury project,
which is the first robot to realize remote control based
on a web browser, which allows users to log in to the
network and remotely operate the robot to complete

the excavation task with only a computer keyboard [9].
Hassan et al. used the network to manipulate the robot
to achieve a series of tasks on the platform. The advan-
tage of this system is that it provides users with a 3D
graphical interface and reinforces the significance of the
user interface [10]. The Drinking Maiden developed by
Majumder and Deen utilizes camera technology and
industrial robots to allow people to see the objects in
the museum in all directions. There is also a remote
system for robotic telescopes, which enables remote
users to observe images of celestial objects, compare
the images obtained by the telescope with the images
in the NASA celestial object library, and then send them
to users through the network [11]. The Puma Paint
system established by Roy et al. is to combine the
painting industrial robot with the Internet, so that the
robot can choose four colors of red, yellow, green, and
blue to draw the specified image in the browser. Moni-
toring technology has stepped up the pace of research
and made some progress [12]. Tom et al. used contem-
porary network technology to remotely monitor the opera-
tion of robots as required, and made a good breakthrough
for the application of this technology in our country.
Although there is still a certain gap between our country’s
remote control robot technology and the world’s advanced
technology, many gratifying progress has also been made
[13]. The People’s Liberation Army Navy General Hospital
successfully applied medical robots to perform brain sur-
gery on patients in the operating room, and the experts
who gave orders to the robot directed every step of the
operation from another building thousands of meters away.
The operation used a teleoperated telemedicine robot system
jointly developed by the Robotics Institute of Beihang
University and the Naval General Hospital. Harbin Insti-
tute of Technology takes deep space exploration, dan-
gerous, and extreme environment operations as the
background, and carries out delay transmission charac-
teristics, virtual environment modeling, network coordi-
nation control, and multi-sensor information fusion for
network remote technology under large space delay and
Internet transmission delay. Based on the research of
related theories and key technologies, a web-based tele-
operated robot system and an Internet-based multi-
operator multi-robot remote control system have been
established. Some high-tech companies are also very
optimistic about the prospect of network robots being
applied to the service industry and entertainment industry
[14]. Mellit et al. proposed the design scheme of the net-
work-based robotic arm remote video surveillance system,
deeply studied the key technologies needed for the system
platform construction, emphatically discussed the design
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and implementation of each part of the system, and ana-
lyzed and discussed for the problems encountered in this
process [15].

Based on this research, this article proposes a non-
linear remote monitoring system based on network com-
munication technology. In the Visual C++ environment,
transmission control protocol/internet protocol technology
builds the remote monitoring system of the robot arm, and
mainly realizes the function of the robot arm running
according to the track in the long distance. When storing
the video, it is necessary to indicate the ID of the video
source, i.e., the synchronization source (SSRC) identifica-
tion robot in the real-time transport protocol (RTP) data
header, which can be monitored more clearly. Finally,
on the basis of completing the remote video surveillance
system, some improvements are proposed to improve the
real-time performance and security of the system.

3 Research methods

3.1 Robotic arm control system

The control object of this system is the GRB400 four-
degree-of-freedom manipulator produced by Gu Hi-Tech
(Shenzhen) Co., Ltd. The four degrees of freedom include
three horizontal degrees of freedom and one vertical degree
of freedom. The manipulator uses an AC servo motor as the
drive source, directly drives the four kinematic joints
through the harmonic reducer, and the incremental photo-
electric encoder coupled with the motor positions of each
axis of the manipulator.

The entire robotic arm system adopts an open motion
control architecture. Its hardware consists of three parts:
the local computer, the multi-axis motion controller of
the manipulator, and the manipulator body. The robotic
arm system adopts a hierarchical structure. The local
computer, as the main controller, runs the control soft-
ware platform, provides the user interface and the run-
ning trajectory planning, sends control commands, and
detects the working state [16,17]. The multi-axis motion
controller, as the underlying controller, adopts the open-
loop control method to servo-correct the motion of the
manipulator. At the same time, the real-time position
information of the mechanical joints is fed back. The
use of this hierarchical structure design makes each level
in the motion control system independent of each other.
The connection diagram of the entire robotic arm control
system is shown in Figure 1.

3.2 Dynamic analysis of robot arm

3.2.1 Kinematics solution

When the nonlinear kinematics of the manipulator is the
positive solution problem, the data in the coordinate
space of the manipulator joint are given. Then use a cer-
tain relationship to obtain the data of the robot arm in the
Cartesian coordinate space. Correspondingly, the kine-
matics inverse solution problem of the manipulator is
to give the coordinates of the manipulator in the rectan-
gular space. According to the corresponding relationship,
the joint coordinates of the robot arm are obtained. Joint
coordinates are used in the trajectory planning or motion

Figure 1: Schematic diagram of the robotic arm control system.
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analysis of the robotic arm. Therefore, the kinematic
inverse solution occupies a very important position in
the system development of the manipulator. The state
of the manipulator joint needs to be measured by an
encoder, which uses an incremental encoder, and not an
absolute encoder. Therefore, every time you run the pro-
gram, you first need to return the robotic arm to the zero
position. When converting the robot arm in the Cartesian
coordinate space and the joint coordinate space, our
assumption is that joints 1 and 2 are on a straight line,
and their joint coordinates are 0°, which coincide with
the X axis, which is convenient for solving. Figure 2 is a
schematic diagram of coordinate conversion.

3.2.2 Correct solution to kinematics

The mathematical expression is shown in the following
formula:

x l q l q q
y l q l q q

cos cos
sin sin .

1 1 2 1 2

1 1 2 1 2

⎧
⎨⎩

( )
( )

= + +

= + +

(1)

Here x is the X-axis coordinate value of the end of
joint 2 in the Cartesian coordinate space; y is the Y-axis
coordinate value of the end of joint 2 in the Cartesian
coordinate space; q1 is the coordinate value of joint 1 in
the joint coordinate space; q2 is the coordinate value of
joint 2 in the joint coordinate space; l1 is the length of
joint 1, which is 200mm; and l2 is the length of joint 2,
which is 200mm.

Knowing the joint coordinate values q1 and q2 of
joints 1 and 2, and substituting them into Eq. (1), the

tail of joint 2 of the manipulator can be solved, i.e., the
coordinates of the coordinate point of the tail of the
gripper in the XY plane. The above is the process of sol-
ving the positive solution of the nonlinear kinematics of
the manipulator. The relevant parameters of the manip-
ulator are shown in Table 1.

4 Analysis of results

In the remote control part of the robotic arm, we adopted
a client/server model. Instead of connecting directly with
the actual robotic arm, the client uses the server to indir-
ectly control the robotic arm through the network. In this
way, the movement of the robotic arm can be controlled
correspondingly through the server, so that it can com-
plete the operation task synchronously. Therefore, the
main function of the robotic arm remote control software
is to allow the server and the client to communicate with
each other. The following describes in detail the knowl-
edge required to realize network communication. The
simulation environment for the remote control of the
robotic arm includes the following:
1. Import the 3D model of the robotic arm
2. Forward/inverse kinematics simulation
3. Collision detection
4. Trajectory planning
5. Forward/inverse dynamics simulation
6. Motion control

4.1 Design of client program

The client must first establish a connection with the
server, and then initialize the remote robotic arm through
the server. After the robotic arm is successfully initia-
lized, the motion of the robotic arm can be remotely
controlled on the client. By sending control commands
to the manipulator to make the manipulator perform

Figure 2: Schematic diagram of coordinate conversion.

Table 1: Parameters of each joint of the manipulator

Joint 1 Joint 2 Joint 3 Joint 4

Connecting rod
length (mm)

200 200

Range of motion
(degrees)

−10
to 190

0–100 −47
to 40

360
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the motion, the commands will be displayed in the edit
box [18].

Code when sending:
voidCZXXDlg::OnBtnSend()
{
//TODO:Addyourcontrolnotificationhandlercodehere
DWORDdwIP;
CStringstrSend;//get the number of bytes to send
WSABUFwsabuf;
DWORDdwSend;//receive the number of bytes actu-

ally sent
intlen;//the number of characters used to store in the

cstring object
SOCKADDR_INaddrTo;//define address structure
((CIPAddressCtrl*)GetDlgItem(IDC_IPADDRESS1))-

>GetAddress(dwIP);//IDC_IPADDRESS1 is the ip of the ip
address control, first get the pointer that the ip address
control points to cwnd // and then call GetAddress to get
the ip address

addrTo.sin_addr.S_un.S_addr=htonl(dwIP);//con-
vert to network byte order

addrTo.sin_family=AF_INET;
addrTo.sin_port=htons(2000);
GetDlgItemText(IDC_EDIT_SEND,strSend);//get the

number
of bytes to send

len=strSend.GetLength();//the number of characters
used to store in the cstr object

wsabuf.buf=strSend.GetBuffer(len);//GetBufferCan
convert cstr object to char* return

wsabuf.len=len+1;//add one more to make the receiver
end with a /0

SetDlgItemText(IDC_EDIT_SEND,“”);//clear the con-
tent of the send edit box

if(SOCKET_ERROR==WSASendTo
(m_socket,&wsabuf,1,&dwSend,0,

(SOCKADDR*)&addrTo,sizeof
(SOCKADDR),NULL,NULL))

//WSASendTo The function is used to send &wsabuf
as a pointer to the wsa structure

{
//1 is the actual number of bytes sent (SOCKADDR*)

&addrTo is the address structure pointer
MessageBox(“Failed to send data!”);
return;
}
}
The implementation code of the message response

function is:
voidCZXXDlg: OnSock(WPARAMwParam,LPARAMlParam)
{

switch(LOWORD(lParam))//Use the LOWORD macro
to take out the low word of lParam to determine which
network event occurs.

{
caseFD_READ://Determine whether the network read

event FD_READ has occurred,
//Because multiple network events can be requested

at the same time
WSABUFwsabuf;///Define the structure variable of

WSABUF
WSABUFwsabuf1;
wsabuf.buf=newchar[200];
wsabuf1.buf=newchar[200];
wsabuf.len=200;// its length
wsabuf1.len=200;
DWORDdwRead;//Define a variable to receive the

actual read data
DWORDdwFlag=0;//The definition flag is initialized

to 0
SOCKADDR_INaddrFrom;//Define the address infor-

mation received by the address structure variable
intlen = sizeof(SOCKADDR);//Initialize with address

structure length
CStringstr;
CStringstrTemp;
if(SOCKET_ERROR==WSARecvFrom

(m_socket,&wsabuf,1,&dwRead,&d
wFlag,(SOCKADDR*)&addrFrom,&len,NULL,NULL))
//WSARecvFrom This function receives the datagram

and stores the source address
//The first parameter is the socket descriptor and the

second parameter is the structure pointer to wsabuf
//The third parameter is the number of structures

provided, here is 1
//(SOCKADDR*)&addrFrom,&len, is the address struc-

ture pointer
{
MessageBox(“Failed to receive data!”);//WSARecv

FromWSARecvFrom function returns if there is an error
SOCKET_ERROR
//Because this function generally does not fail when

called in response to a read event
//The judgment here is to unify the code structure
//delete[]wsabuf.buf;
return;
}
str.Format(“%s”,wsabuf.buf);//strout Only the words

after the colon are received
str.Format(“Service-Terminal%s:%s”,inet_ntoa

(addrFrom.sin_addr),wsabuf.buf);
str+=“\r\n”;//add a carriage return
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GetDlgItemText(IDC_EDIT_RECV,strTemp);//Get the
previous data in the receive edit box

str + = strTemp;//make new data plus old data
SetDlgItemText(IDC_EDIT_RECV,str);//Put data into

receive edit box
break;
}
}

4.2 Realization of remote video surveillance

Video monitoring is the core module of the remote mon-
itoring system, which is responsible for the remote real-
time reproduction of the on-site work of the robotic
arm. The quality of video monitoring directly affects the
quality of the system. The “client/server”model is widely
used in video surveillance. In this mode, the image cap-
tured by the camera is read into the computer through the
video capture card, which realizes the video capture pro-
cess on the server side. The collected video is used in two
ways, one way is to store it for local viewing and the other
way is to compress it and send it to the client. The system
uses MPEG-4Codec encoder to compress the video, and
after the video data are compressed, it is packaged by

RTP protocol, and then sent to the client in the multicast
network. After the video data are received by the client,
first remove the RTP header, arrange the order, and then
decode the video image by the decoder.

4.3 Software implementation of server-side
video

The server side of the video surveillance mainly imple-
ments functions such as video capture, video encoding,
video transmission, and video storage. When the system
is developed, the development kit provided by the video
card manufacturer can be called to capture the video
stream into a file or play buffer. The development kit is
in the form of a dynamic library.

4.3.1 Video capture

Using the video capture card development kit, the
sequence of functions to be called is shown in Table 2.

When exiting the video capture system, i.e., closing
the video surveillance system, the function used is shown
in Table 3.

Table 2: Video capture functions

Order of calling
functions

Functions Effect

1 BOOLYH81-PrepareAll() Used to initialize the entire environment as a whole, this
function is used before all function calls

2 BOOLYH-SetVideoFormat(DWORDnChannel，
DWORDFoemat)

Used to set the video format, can be used to determine
whether the camera is working

3 BOOLYH81-OpenDevice(DWORDnChannel) Used to open a certain device
4 BOOLYH81-SetVideoHWnd(HWNDhWnd) Set the video window to put the video into a new window to

start the video preview5 BOOLYH81-StartVideoPreview
(DWORDnChannel，RECTWinRECT)

Table 3: Video exit function

Function prototype Effect

BOOLYH81-StartEncode(DWORDnChannel) For compression programming, start
compression stream

BOOLYH81-SetEncodeSettings(DWORDnChannel，
ENCODE-SETTINGSEncodeSttings)

Used to set encoding settings

BOOLYH81-StopEncode(DWORDnChannel) Used to stop compression encoding
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4.3.2 Video coding

The purpose of setting the video encoding module is to
encode and compress the YUV format video stream data
sent by the video capture module. In this way, the image
will take up a lot less space, which is convenient for
transmission on the Internet. The algorithm adopted by
this system is to optimize the MPEG-4 video compression
algorithm, to collect and compress the high-quality video
quality into low-code stream data in real time. The func-
tions used are shown in Table 4.

On the premise of ensuring the bandwidth, increasing
the data transmission packet can reduce the transmission
delay. Therefore, 32K per packet is selected for compres-
sion encoding.

4.3.3 Video sending

Sending the collected video data to the network by multi-
cast is the responsibility of the video sending module.
After the video is sent, the client can receive the video
and monitor the working condition of the robotic arm in
real time. After the video data are obtained in the video
capture and compression card, a certain buffer must be
set up to store the data. The collected video stream data
are continuously pushed into the buffer. Once the buffer
is full, the data sending thread is started, the video stream
data are popped up, and then sent out by IP multicast.
At the same time, the buffer is emptied after receiving
the new data. The cycle repeats until the capture or video
sending process is stopped.

4.4 Software implementation of video
surveillance client

The client of the video surveillance system needs to go
through several processes of receiving video data, decoding

the video, playing back the video, and storing the video
[19,20].

4.4.1 Video data reception

There are three cameras on the robotic arm for real-time
video recording, so the video received by the client also
has three channels. The multi-thread technology is used
to receive and play these three channels of video at the
same time, and the system uses four channels of video
capture and transmission. In order to better receive and
play the video, four user interface threads are estab-
lished. The process of receiving and playing video is
shown in Figure 3.

Receiving RTP video data packets from IP network is
the function of video receiving module. If the multi-
channel video sent by the server is received at the same
time, it can only be viewed after receiving. It is also
necessary to decode the received video and mark the
unrecorded video data. The SSRC in the RTP packet
header information is the main basis for identification
[21,22].

//create an IP group socket
MultiSock=WSASOCKET(AF_INET, SOCK_DGRAM,

IPPRORO_UDP,
(LPWSAPROTOCOL_INFO)NULL, 0,
WSA_FLAG_MULTIPOINT_C_LEAF|

WSA_FLAG_MULTIPOINT_D_LEAF);
//set the server data buffer to 32K
constintPACKET_SIZE_32K=4;
status=YH_ServerSetBuffer

(intnPackSize,intnPackNum,boolbFullSize);
//connect to a server to join a multicast group
YH_ClientConnectServer(char*pIp, intnPort);
stDestAddr.sin_family=PF_INET;
stDestAddr.sin_port=htons(201);
stDestAddr.sin_addr.s_addr=inet_addr(“226.1.1.1”);
hNewSock=WSAJoinLeaf(MultiSock,(PSOCKADDR)

&stDestAddr,sizeof(stDest

Table 4: Video encoding functions

Function prototype Effect

BOOLYH81-StartEncode (DWORDnChannel) For compression programming, start
compression stream

BOOLYH81-SetEncodeSettings (DWORDnChannel，
ENCODE-SETTINGSEncodeSttings)

Used to set encoding settings

BOOLYH81-StopEncode (DWORDnChannel) Used to stop compression encoding
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Addr),NULL,NULL,NULL,NULL,JL_RECEIVER_ONLY);
//receive multicast data and store it in the buffer

stWSABuf
Status=WSARecvFrom(MultiSock, &stWSABuf, 1,

&cbRet, &cbRet, &dFlag,
(structsockaddr*)&stSrcAddr, &iLen, NULL, NULL);

4.4.2 Video decoding and playback

The received video or locally stored video is decoded to
form an image frame stream, which can be played in the
video playback module. It is the function of the video

playback module to convert the image in YUV format
into an image in RGB format, which is a necessary way
to realize image reproduction [23,24]. The functions used
for video decoding and playback are shown in Table 5.

4.4.3 Video storage

After the video image data are demultiplexed, several
video sources will appear. When storing the video, it is
necessary to specify the ID of the video source, i.e., the
SSRC identifier in the RTP data packet header. The related
functions are shown in Table 6.

Figure 3: The process of receiving and playing video.

Table 5: Video decoding functions

No. Function Effect

1 YH81-Creat() Create a playback/network receiver
2 YH81-OpenFile() Open play file
3 YH81-Play() Start playing the file, or resume normal playback
4 YH81-Stop() Stop play
5 YH81-Pause() Pause playback
6 YH81-GetCurrentFrameRate() Get the frame rate of the current code stream programming
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5 Conclusion

The realization process of the remote video monitoring
system of the degree-of-freedom manipulator discusses
the functions realized by the manipulator body, network
communication, video monitoring, and measures to improve
the performance of the system. The hardware structure of
the GRB four-free manipulator involved in the system is
introduced, mainly the communication problem in the C/S
mode. The basic communication function and remote con-
trol function are realized.
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