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Chapter 1 Vision Sensor Parameter 
Configuration

1.1 Add Modbus TCP tool

On the communication configuration interface, click [Communication 
Configuration]�[Add]�[ModbusServer], the modbus tool in this product is ModbusTCP, and 
Modbus is used as a substitute for the following description.

Figure 1-1 Adding the Modbus Communication Tool
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Figure 1-2 Modbus basic configuration

1.2 Configuration parameters

Add communication content as required, and add the communication content as shown in the following table as an example.

Table 1-1 Modbus communication 
configuration PLC address name data type

Format the input 
string

0x100 trigger bit
0x101 Statistical reset bit
0x102 Switch project IDs byte

Format the output 
string

0x300 Project status Plastic surgery
0x302 Plastic surgery
0x304 floating-point type
0x306 2 Grayscale area. state Plastic surgery
0x308 2 Grayscale area. Number 

of spots
Plastic surgery

1 Whether there is a straight line. 
state
1 Whether there is a straight line. Start
Coordinate X
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Figure 1-3 Adding a Formatted Input String
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Figure 1-4 Adding a Formatted Output String
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Figure 1-5 Conditional output is unlimited
In [Shooting Configuration]�[Trigger Configuration], select [Industrial Ethernet].
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Figure 1-6 Setting up Industrial Ethernet triggering
When all configurations are completed, click [Save Project] to end the configuration of the 
vision sensor.

※ Click to add formatted entries; click and Formatted entries can be deleted.

*The condition output can be adjusted to the NG/OK status of a certain operator or the NG/OK 
status of the project, and can be adjusted according to the actual work.

The order of format entries can be adjusted; 
click
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Chapter 2 Keyence KV8000 Configuration and 
Testing

2.1 PLC configuration

2.1.1 New construction projects

Open KV STUDIO, click New Project, select KV-8000 for supported models, modify the project 
name and project save location, and click OK after setting it.

Figure 2-1 New project

Set the user name and password with more than 8 digits in the pop-up administrator interface, select [Start 
User Authentication] according to the project confidentiality requirements, and uncheck the test project to 
prevent forgetting the password and preventing the project from being opened.

Figure 2-2 Administrator settings interface

Click [Yes] on the [Do you want to set automatic operation record settings] screen that pops 
up.
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Figure 2-3 Automatic operation record settings

[Whether to set the unit configuration at the beginning] is selected No.

Figure 2-4 Determines the unit configuration settings

Click [Monitor/Simulator] in the upper menu bar � [Communication Settings] � 
[Communication Settings].

Figure 2-5 Opening Communication Settings

In this case, select Ethernet, enter the IP address and port number in the Ethernet settings, and 
click "Connection Test".

Figure 2-6 Communication settings

Click [Ping] to confirm the current network status, and when it is confirmed, click [Close]� 
[OK].
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Figure 2-7 Determines the network state

Click [Tools]�[Unit Editor], click [Get Unit Configuration Information Connected to PLC] in the Unit 
Editor interface, and select "Yes" in the pop-up interface.

Figure 2-8 Unit Editor Confirmation

Select the KV-8000CPU module and click [Set Unit] to confirm the IP address, subnet mask, 
and other network parameters.

Figure 2-9 Setting Unit

The socket function is selected [Use], and [First Relay Number] is set to R10000.
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Figure 2-10 Socket function selection

For the socket number that can be used (in this case, socket 0/1 is used), select TCP (No Protocol), 
Byte High Low Switching (High� Low).

Figure 2-11 Socket number

2.2.2 Write PLC programs

Since the Keyence KV-8000 only supports SocketTCP function and does not have the ModbusTCP 
instruction library, you need to download the ModbusTCP function block through the official 
website of Keyence, open the official sample program after the download is successful, the left 
project bar � Scan Execution Module � Main Program, right-click the menu bar and select Copy.

Figure 2-12 reproduced

In the current program, select "Execute Module for Each Scan" in the left project bar, right-click on 
the menu bar to select "Paste", and select "Yes" on the pop-up interface.

Figure 2-13 Scan Execution Module
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If the program name is the same and the program name needs to be modified, fill in the MB_TCP_Client1 in this 
case and click OK to complete the setting.

Figure 2-14 Modifying the Pin Configuration of 
the Program Name Table 2-1 Function Block

type data type Size description The sample program uses an address
1 UnitNo Unit UINT 1 word Unit Number (Ethernet Unit) #0

2 SocketNo IN UINT 1 word 0-15 #0

3 arrComCfg INOUT UINT 10 words Communication settings DM0~DM9

4 wFuncCD IN UINT 1 word Feature code DM20

5 wXferSize IN UINT 1 word Data volume DM22

6 wDataBlkAddr IN UINT 1 word The block address DM23

7 pComData IN UDINT 2 words Pointer address DM24~DM25

8 arrxReq IN UINT 1 word Request Relay (4 positions) MR100~MR103 
(MR104~115 Reserved)

9 arrxAck OUT UINT 1 word Response Relay (10 
positions)

MR200-MR209 
(MR210~215 Reserved)

10 wErrCD OUT UINT 1 word Error code DM26

11 wStatus OUT UINT 1 word Connection status DM27

12 dwComTime OUT DINT 1 word Communication time 
monitoring

DM28-DM29

*Modbus data storage address EM0~EM123

Figure 2-15 Modbus data storage addresses EM0~EM123

Table 2-2 Parameter settings of ModbusTCP communication network
Serial number name remark
0 PLC own port number DM0 0 0 indicates automatic assignment of port numbers

1 Server IP Address[1] DM1192

2 Server IP address[2] DM2168

3 Server IP address[3]DM314 server IP address[4]DM41085 
server port number DM55026 server station number 

DM62557TCP Open request timeout [ms]DM71000

Range 0~65535

8 Send request timeout [ms] DM8 1000

9 Receive Request Timeout 
[ms]

DM9 1000

Independent 

Soft component 
dd

Parameter 
l
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*The official original case program is written as a ladder chart program, which is too long and inconvenient to read, 
so some programs in this case are modified to write in ST language. *TCP open request timeout and send request 
timeout. The timeout for receiving requests is set to 10,000ms in the official case, and the time is too long to affect 
the efficiency of program execution, so it is modified to 1,000ms in this case

Figure 2-16 Case procedure

Modbus communication data:

Figure 2-17 Communication data

Table 2-3 Function block pin description

name Effective range
wFuncCD Function code DM20 $0004 $01/02/03/04/05/06/0F/10

wXferSize DM22 120 1-123

wDataBlkAddr DM23 768 0-65535 Refer to the other party's specifications

The function implemented by the above Modbus parameters is to read the result data of 120 words 
starting from 0x300 in the Modbus slave station input register
In line 48 of the program, the read/written data is stored in EM0~EM123 through the data pointer 
DM24, and the data in the data storage area is emptied at each power on to avoid data 
interference.

Figure 2-18 Data storage and purge code
Procedure line 59 begins: Triggers MR000 to turn on MR100 (socket TCP open request) to establish a network 
connection request with the camera.

Figure 2-19 Connecting ladder charts

Program line 64 begins: Triggers MR001 to turn on MR102 (socket TCP shutdown request) to close the network 
connection with the camera.

Function block 
i

Soft component 
dd

Example 
l

Amount of data 
t f d [W d]
The slave's soft 

t dd
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Figure 2-20 Disconnect trapezoidal diagram

Table 2-4 Function block pin description

name Soft component address description
arrxReq Request relay MR100: TCP Open Request, MR101: Modbus Communication Request 

MR102: TCP Close Request, MR103: Clear Error MR104~115 Reserve for 
the system.

arrxAck Response relay MR200: TCP is open, MR201: Modbus communication is complete, 
MR202: TCP is closed, MR203: Modbus communication is ready, 
MR204-MR207: Reserved MR208: TCP is opened incorrectly, MR209: 
Modbus communication error MR210~215 is reserved for the system;

Starting from line 67 of the program: Trigger MR002 to turn on MR101 (Modbus communication 
request), read or write data from the slave according to the set communication content: 
function code + data.

Figure 2-21 Ladder chart of read and write data

Function description: When executing a Modbus/TCP communication request through MBCL's FB, first confirm the connection 
status of both TCP parties, and send data directly if the connection has been established. If the TCP connection is not established, 

the TCP open process is performed first, and the Modbus/TCP data is sent after the connection is established.

If the connection has already been established, there is no need to trigger the TCP open request on line 59 
again, only the Modbus/TCP communication request on line 67 needs to be triggered each time it is sent.

Table 2-5 Description of the other pins of the function block

name illustrate
wErrCD Error code DM26 Range 0~65535

wStatus Connection status DM27 0: Closed; 4: The two sides have established a connection.
dwComTime Communication 

monitoring time
DM28~DM29 Modbus/TCP communication requests ON~the time elapsed when the 

communication is completed

Table 2-6 List of Function Block Error Codes
Error code error message Cause/Countermeasure
0 inerrancy
30 The other party's IP address or port 

number is set incorrectly
Please check the IP address and port number of the other 
party set in arrComCfg.

31 Please check the settings of the local port number in arrComCfg.
38 A TCP shutdown request was 

made without a TCP connection
Check when the TCP shutdown request is triggered.

39 Check when the TCP shutdown request is triggered.

Function block 
i

Function block 
i

Program 
ft

The port number of the local party is 
d li t d

Before the Modbus/TCP 
communication is completed, it is 

t d
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TCP shutdown request
40 Modbus/TCP communication timeout Check the timeout setpoint in arrComCfg; The 

communication status set by the other party.
41 Modbus/TCP communication request 

failed
Check the communication status set by the other 
party and whether a TCP connection is established.

42 TCP open request failed

43 TCP abnormally disconnected Please check the communication status set by the other party. 
Confirm the communication path (e.g. network cable).

200 The IP address of the party is incorrect Check the IP address settings of the unit editor.
60001~60016 Returned an incorrect response 

from the Modbus/TCP server
Please check the specifications of the Modbus/TCP server 
(whether the function code and address range are correct); Please 
refer to the error code in the other party's device manual 01~16.

65532 Verify that the ADRSET directive is correct
65533 Please confirm the value of wXferSize, the correct range is 1~123.
65534 Feature code error Please check the value of wFuncCD, the supported function 

codes are 01H, 02H, 03H, 04H, 05H, 06H, 0FH, 10H.
65535 TCP open timeout Please check the communication status set by the other 

party. Confirm the communication path (e.g. network 
cable); arrComCfg.

Table 2-7 TCP connection status codes at a glance
Code status illustrate
0 CLOSED Closed state.
1 LISTEN Have a connected state.
2 SYN SENT Run active open, state after sending SYN.
3 SON RCVD The server receives the SYN and sends the state after the response.
4 ESTABLISHED The state after the connection is established.
5 CLOSE WAIT Received FIN, waiting for the end state.
6 FIN WAIT1 When it ends, the status of the FIN is sent.
7 FIN WAIT2 The FIN server and client receive the state of the FIN at the same time.
8 CLOSING The server and client receive the status of FIN at the same time.
9 LAST ACK

Modbus/TCP communication can only be carried out when the TCP connection status code = 4, that is, the 
connection is established.

Since the Modbus/TCP communication between this case and the vision sensor needs to read the result data and send trigger 

commands, it is necessary to use the official Keyence function block twice, so the software component address of the official sample 

program will conflict with this case, and it needs to be replaced with an unused software component address.

How to operate: First, import the first official sample program into this program, click the top menu bar � Edit� Batch 
Replace, in the pop-up window, fill in the number of points before, after replacement, check [Transfer Software 
Component Notes] in the lower right corner, and click [Execute].

Figure 2-22 Bulk replacement of soft components

After the replacement is successful, the following window is displayed, click [OK].

Please check the communication status set by the other party. Confirm 
the communication path (e.g. network cable); Whether the PLC socket 

f

Incorrect data address (wrong pointer 
tti )The amount of data transferred is 

i t

The FIN is received from the communication destination, and after it is over, the state of the 
FIN i t
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Figure 2-23 Replacement successful

Import the official program again, replace the software component address, import the official 
program twice, and modify the actual network parameters and communication content according 
to the Modbus/TCP address of the vision sensor.

Figure 2-24 Modifying the actual network parameters and communication content

Note that the SockNo pin of the function block is modified, each function block needs to be filled in a different socket 
number, and the 0/1 socket number that has been checked in the above step is filled in the pin.

The port number pin of the function block, if the same device is connected, the same software 
component address or different software component addresses with the same parameter value can 
be filled.

Figure 2-25 Populate the parameters
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Right-click [Structure] in the left project tree and select [New] to create the following data type.

Figure 2-26 Creating a Data Type

In the local variables of the main program, create the following variables.

Figure 2-27 New Variables

The modified official procedure is as follows:
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Figure 2-28 Program Example 1

Lines 178-182 of the program: Since the official case is only the communication of a single function 
of a single device, the use of multiple function blocks is required to realize the reading of vision 
sensor data and the sending of commands, and they cannot conflict with each other, so it is 
necessary to write a polling program to implement the loop read and write function.

Figure 2-29 Program Example 2

Program Line 184: Vision Sensor Formatting The [Trigger] and [Statistical Reset] configured in the 
input string Although the data type is Bit, it still takes up space in ModbusTCP communication, so it 
is necessary to convert Bit and Word in the program, and then map the received and sent storage 
to the newly created local variable.

Figure 2-30 Program Example 3

Lines 230-232 of the program: In order to facilitate the testing of the test department, the trigger command is sent to the vision 
sensor through the timer command (the vision sensor is configured with single frame or level mode), when the timing time needs to 

be modified, the timer instruction timing time can be modified according to the needs, in this case, the sensor will be triggered to 
take a picture once at a timer of 2s, if this function is not needed, the CR2002 relay in line 230 of the program can be used as usual



21

The open contact is switched to normally closed contact, and this function is blocked, and the PLC program needs to be 
re-downloaded after modification to take effect.

2.2 Communication Testing

2.2.1 Download the program

Click [Convert] � [Convert] in the upper menu bar to compile the written program, and click [OK] after the 
conversion is successful.

Figure 2-31 Compilation program

Menu bar click PLC transfer, check [Transfer in PROGRAM mode] in the dialog box that pops up, and click 
[Execute].

Figure 2-32 Transmission procedure

[Do you switch the PLC to RUN state?] Select Yes.

Figure 2-33 Switching confirmation
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2.2.2 Communication Testing

Select [Monitor/Emulator]�[Monitor Mode] in the upper menu bar to put the program online.

Figure 2-34 Monitor mode
Select [Monitor/Emulator]� [Login to the Monitor Window] in the upper menu bar and add the following variables 
in the Monitor window.

Figure 2-35 Login to the monitor window

Figure 2-36 Adding Variables

When the vision sensor is manually triggered to take a photo, change the value of the [CAM_Dat_1.Tigger] variable to [TRUE], the PLC will send a 

trigger command to the vision sensor, the vision sensor will start taking pictures, and continuously output the result data to the PLC, when the 

vision sensor needs to stop in level mode, change the value of the [CAM_Dat_1.Tigger] variable to [FALSE], and when the vision sensor stops 

taking pictures and needs to reset the total number of runs, it will be [CAM_Dat_ 1.Reset] variable value is changed to [TRUE], when switching the 

project ID, the communication of the project ID to be switched needs to be configured to the same communication protocol in advance, 

otherwise the PLC and the vision sensor will be disconnected after the switch, and the vision sensor interface needs to be manually refreshed 

after the switch is successfully refreshed before the switched project ID will be displayed.
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Chapter 3 Rockwell PLC Configuration and Testing

3.1 PLC configuration

3.1.1 New construction 
projects
Open the Studio 5000 software, click Project � New, select [Logix]�[CompactLogix 5370 
Controller]� [1769-L16ER-BB1B], modify the project name and file location, and click Next.

Figure 3-1 New project
Select the version number and the number of expansion IO modules based on the PLC used in the project, and 
click Done.

Figure 3-2 Selecting Relevant Parameters
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3.1.2 PLC Configuration

Select [Task]�[MainTask]�[MainProgram]�[MainRoutine] in the project tree, and double-click to 
enter the ladder chart programming interface.

Figure 3-3 Entering the ladder chart programming interface

Right-click the ladder chart and select [Import Rung].

Figure 3-4 Importing rungs

Locate the ModbusTCPClient library file provided by Rockwell Corporation in the file, select and open it.

Figure 3-5 Importing the ModbusTCPClient library file

Click OK.

Figure 3-6 Import configuration determination
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After successful import, the following function blocks are displayed in the ladder chart.

Figure 3-7 Display of the imported ladder chart

In the project tree, select [Asset]�[Data Type]�[User-Defined] to create the following data types.

Figure 3-8 New Data Type

In the [Controller Label], add the following variables:

Figure 3-9 Adding Variables

The main program is supplemented with the following procedures:
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Figure 3-10 Supplemental procedure

Line 0-1: Set the ModbusTCP function code to send control data to the vision sensor to be 16, the 
slave ID is 16#FF, the starting address of the sending vision sensor hold register is 0x100, the 
decimal representation is 256, the write length is 3 words, and the data to be sent is stored in the 
address starting from the 0th integer variable of the PLC controller label 
[Client_01_Data.HoldRegisters_4xxx] array, which will be enabled 1。

Figure 3-11 Supplemental Program Example 1

Line 2-3 of the program: Set the ModbusTCP function code to receive data from the vision sensor to be 3, the slave ID is 
16#FF, the starting address of the received data is 0x300, the decimal representation is 768, the length of the receiver is 
10, and the received data is stored in the PLC controller label [Client_01_Data.HoldRegisters_4xxx] array of the 10th 
integer variable, which will enable the setting of 1.

Figure 3-12 Supplemental Program Example 2

Line 4 of the program: Import the official ModbusTCP function block.
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Figure 3-13 Supplemental Program Example 3

Lines 5-10: Map the data read and sent by the vision sensor to the new global variable in the previous step.

Figure 3-14 Supplemental Program Example 4

In the ModbusTCP communication function block, right-click [Client_01_Parameters] and select 
[Monitor Client_01_Parameters] to enter the monitoring interface of the controller tab.

Figure 3-15(1) Entering the monitoring interface of the controller label

Lines 11-13 of the program: In order to facilitate the testing of the test department, the trigger command is sent regularly through the timer 

command, and the timing time needs to be modified, the value of the [TIMER_1.PRE] variable in line 11 of the program can be modified as 

needed, and in this case, the sensor will be triggered to take a picture once at a timer of 2s, if this function is not needed, the normally closed 

contact in line 11 [TIMER_1.DN] will be changed to a normally open contact, and the PLC program needs to be re-downloaded after modification 
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Figure 3-15(2) Entering the monitoring interface of the controller label

[Client_01_Parameters.LocalAddress] is set to the IP address of the PLC, 
[Client_01_Parameters.DestAddress] is set to the IP address of the vision sensor, and 
[Client_01_Parameters.DestinationPort] is set to the port number of the vision sensor.

Figure 3-16 is set to the vision sensor port number

3.2 Communication Test

3.2.1 Download the program

click Save button, the program will be automatically compiled, and when it is displayed without errors, you 
can download it.

Figure 3-17 Saving and Auto-Compiling Programs
Select [Communication]�[Communication Path Selection], find the PLC device in the network, and click Download.
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Figure 3-18 Communication path selection

Note: If the key switch of the PLC body is in the RUN position, the download button cannot be 
clicked and the following information will be displayed, and the key switch on the PLC body needs 
to be moved to the REM position before the download button can be clicked normally.

Figure 3-19 Download Warning
When the download is complete, prompt for the following information, click [Yes], and move the key switch of the 
PLC body back to the RUN position.

Figure 3-20 Download complete
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3.2.2 Communication Test

After the download is completed, the software will automatically enter the online mode, and if the 
[Sts_Connected] pin of the ModbusTCP communication function block is positioned, it indicates 
that the PLC and the vision sensor have communicated successfully.

Figure 3-21 Communication Success

In the [Controller Label], monitor the values of the following variables:

Figure 3-22 Monitoring variables

When the vision sensor is manually triggered to take a photo, the value of the [CAM_1.Control_1] variable is changed to 1, the PLC will send a 

trigger command to the vision sensor, the vision sensor will start taking pictures, and continuously output the result data to the PLC, when the 

vision sensor needs to stop in level mode, change the value of the [CAM_1.Control_1] variable to 0, the visual sensor will stop taking pictures, and 

when the total number of runs needs to be reset, set [CAM_1.Control_2] The variable value is changed to 1, and when switching the project ID, 

the communication of the project ID to be switched needs to be configured to the same communication protocol in advance, otherwise the PLC 

and the vision sensor will be disconnected after the switch, and the vision sensor interface needs to be manually refreshed after the switch is 

successfully refreshed before the switched project ID will be displayed.
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Chapter 4 Mitsubishi FX5U Configuration and Testing

4.1 PLC Configuration

4.1.1 New projects

Open the Mitsubishi Works3 software, click New Project, select FX5CPU Series, select FX5U, and click OK.

Figure 4-1 New Project

Click OK in the dialog box that pops up.

Figure 4-2 Confirmation Interface

Double-click [Module Configuration Diagram] in the left navigation bar.
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Figure 4-3 Module configuration diagram

Right-click the CPU module and click [Change CPU Model].

Figure 4-4 CPU model change

Depending on the actual PLC model change, [FX5U-64MT/ES] is selected in this case.

Figure 4-5 PLC model change

4.1.2 Configuring the PLC Program

In the left navigation pane, select [Parameters]�[FX5UCPU]�[Module Parameters]�[Ethernet Port].
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Figure 4-6 Ethernet port

Configure the IP address, subnet mask, and other information of the PLC in the basic information, and double-click 
the connection configuration settings of the object device after setting it.

Figure 4-7 Basic configuration
In the Ethernet device (general) in the navigation pane on the right, select Active connected device, and left-click 
and drag to the left interface.

Figure 4-8 Active Connected Devices

[Communication means] Select the communication protocol, [Programmable controller] port number is set to 2000 
(setting range: 1~5548, 5570~65534, 5549~5569 have been used by the system, please do not specify), [sensor. Device] 
Enter the IP address and port number of the vision sensor.
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Figure 4-9 Input sensor related configuration

When the settings are complete, tap [Reflect settings and turn off] in the menu bar above.

Figure 4-10 reflects the settings and closes

Return to the Ethernet port settings screen, click [Apply] to save the settings and turn it off

Figure 4-11 Save and Close

In the menu bar, click [Tools]�[Communication Protocol Support Functions], select [CPU (Ethernet)] 
in the dialog box that pops up, and click OK.

Figure 4-12 Selecting CPU (Ethernet)

Click New
The visual sensor register data specifies that you need to set the 03/16 function code, first set the 
03 function code to read the vision sensor hold register, then repeat the above steps, and then add 
the 16 function code to write data to the vision sensor hold register.

Figure 4-13 Adding the Protocol 
Number

, click [Add], select [Communication Protocol Library] for the protocol type, select [Modbus/TCP] for the model, and the 
protocol name is based on the protocol name
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Figure 4-14 Adding Protocols

Figure 4-15 Adding Protocol Effects

Right-click on the blank space and select [Bulk Settings of Soft Components].

Figure 4-16 Batch setup of soft components

In the software bulk settings, specify the setup protocol number range to 1-2 and the starting 
software number to D1000 (using the free storage in the program).

Figure 4-17 Setting the parameters related to the soft component

[Does it override the set variable?] Select Yes.
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Figure 4-18 Confirm the coverage variable

Click [Module Write] , [Object Memory] selects [CPU Internal Memory], clicks [Execute],

Figure 4-19 Module continuation

If the CPU is in the RUN state and cannot perform the specified function. Set the CPU to STOP and 
then do it again. ], you need to put the CPU in STOP mode and perform the module write 
operation again.

Figure 4-20 Communication protocol support function tips

Click Yes.

Figure 4-21 Communication protocol support function coverage confirmation

Save the configuration to your computer for 
easy downloadingUse or modify it every time, and close the interface after saving.

Figure 4-22 Write Completion Confirmation

Write PLC programs
Select [Tag]�[Struct] in the project tree, right-click [New Data], and create the following structure variables.

Shows that the write to the object memory is complete. ] and then click OK, and it is 
recommended to click Save
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Figure 4-23 New Data

Figure 4-24 Establishing Structure Variables
Select [Program]�[Scan]�[MAIN]�[ProgPou] in the project tree, and add the following variables to [Local Label].

Figure 4-25 Local labels

Figure 4-26 Adding Variables

Add the following program to the ladder diagram interface.
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Figure 4-27 Example 1

Line 2-4: Open the timer T1 with the normally closed contact at the auxiliary relay M108 and the 0th position 
of the system's special register SD10680, execute the OPEN command to establish the connection and open 
the timer T2 after a delay of 500ms, and set the connection channel if it is not opened after 200ms.

Line 5-7: When M108 is positioned and SD10680.0 is still not connected, turn on the timing T3, 
delay 200ms and then place the M106 after a scan cycle to disconnect and reset the M108.

Figure 4-28 Program Example 2

Program line 9: Use the special relay SM402 to assign 255 to registers D1001/D1136 on the first 
scan cycle of CPU operation, which are used to store the vision sensor slave station number.

Figure 4-29 Program Example 3

Line 13-14 of the program: If TCP communication is not currently opened and there is no open request, the rising edge of the timer T1 will 

trigger the OPEN command to establish a connection with the vision sensor, K1 corresponds to the connection number of the device in the 

object device connection configuration, D100 corresponds to some parameters of the OPEN command, occupying the 10 word addresses after 

D100, if the communication parameters are set in the object device connection configuration, assign a value of 0 to D100 to indicate the 

call of the set parameters, and M100 is OPEN The completion bit of the instruction, M101 is the error bit of the OPEN instruction, which 

will only trigger one scan cycle, when M100 and M101 are triggered at the same time, it means that the instruction execution error is 
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Figure 4-30 Program Example 4

Line 16-18: When the connection is suddenly interrupted due to the unreliable network cable connection or other 
reasons, SD10680.0 will change from TRUE to FALSE, and its falling edge will trigger the CLOSE command to close the 
connection, and the normally closed contact of M107 will prevent the repeated execution of the CLOSE command. D128 
is the starting number of the CLOSE command control data software component, occupying 2 words, M104 is the 
completion bit of the CLOSE command, M105 is the error bit of the CLOSE command, only one scan cycle will be 
triggered, and when the CLOSE command is executed, M104 will reset M107.

Figure 4-31 Program Example 5

Figure 4-32 Program Example 6

Program Line 24: Vision Sensor Formatting The [Trigger] and [Statistical Reset] configured in the 
input string Although the data type is Bit, it still takes up space in ModbusTCP communication, so it 
is necessary to convert Bit and Word in the program, and then map the receive and send registers 
to the newly created local variables

Lines 20-22 of the program: When the communication is on, assign the protocol number that needs to be executed in the communication 

protocol support function to the address starting D112, D1002 store the first address of the read vision sensor hold register 0x300, D1003 

store the number of read vision sensor hold registers 10 words, D1137 store the first address of the writing vision sensor hold register 

0x100, D1138 store and write the number of vision sensor hold registers 3 words, D1139 stores the byte length of the memory kept by the 

vision sensor, executes the ECPRTCL instruction and transmits and receives data from the vision sensor, K2 is the number of protocols that 

execute the communication protocol support function, D110 is the starting number of the software component that stores the control data of 

the ECPRTCL instruction, the range is D110~D127, M102 is the completion bit of the ECPRTCL instruction, M103 is the error bit of the 

ECPRTCL instruction, and only one scan cycle will be triggered when ECPRTCL When the instruction execution is complete, the M102 is placed 

and its normally closed contacts will break the ECPRTCL instruction for one scan cycle, and the ECPRTCL instruction will continue to be 
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Figure 4-33 Program Example 7

Lines 26-28 of the program: In order to facilitate the testing of the test department, the trigger command is sent to the vision sensor 

through the timer command (the visual sensor is configured with single frame or level mode), the timer is a 100ms timer, when the 

timing time needs to be modified, the timer command timer time of the program 15 lines can be modified according to the needs, 

in this case, the sensor takes a picture once at a time, if this function is not required, the normally open contact of the SM400 relay 

in line 26 of the program can be switched to a normally closed contact, this function can be stopped, After the modification, you 

need to download the PLC program again to take effect.

4.2 Communication Test

4.2.1 Download the program

Click [Online]�[Current Connection Destination] in the upper menu bar, select [Direct Connection 
Settings]�[Ethernet], select the Ethernet adapter on the computer side, click [Communication Test], 
and when [Successfully connected to FX5UCPU] pops up, click OK.

Figure 4-34(1) Communication test
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Figure 4-34(2) Communication test

Click above button, download the program into the PLC, select [Parameter + Program], and click [Execute].

Figure 4-35 Selection [Parameter + Program]

[After a remote STOP, is a write to the programmable controller performed?] Select Yes.
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Figure 4-36 Confirm the write

[The following file already exists, is it overwritten?] Select [All Yes].

Figure 4-37 confirms coverage

After the download is successful, the PLC needs to be powered off and restarted.

4.2.2 Communication Testing

Click in the toolbar above

mouth]�[Monitor Window 1], enter the Monitor window.

Figure 4-38 Entering the Monitoring Window

Add the following variables in the watch 
window and click it

Monitoring begins.

Monitor Mode button, enter Monitor Mode, and click [Online]�[Monitor]� [Log in to the Monitor 
Wi d ]



43

Figure 4-39 Monitoring window

When the vision sensor is manually triggered to take a photo, change the value of the [CAM_Dat_1.Tigger] variable to [TRUE], the PLC will send a 

trigger command to the vision sensor, the vision sensor will start taking pictures, and continuously output the result data to the PLC, when the 

vision sensor needs to stop in level mode, change the value of the [CAM_Dat_1.Tigger] variable to [FALSE], and when the vision sensor stops 

taking pictures and needs to reset the total number of runs, it will be [CAM_Dat_ 1.Reset] variable value is changed to [TRUE], when switching the 

project ID, the communication of the project ID to be switched needs to be configured to the same communication protocol in advance, 

otherwise the PLC and the vision sensor will be disconnected after the switch, and the vision sensor interface needs to be manually refreshed 

after the switch is successfully refreshed before the switched project ID will be displayed.
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Chapter 5 Mitsubishi Q06UDV configuration and testing

5.1 PLC Configuration

5.1.1 New projects

Open the Mitsubishi Works2 software, click New Project, select QCPU series, select Q06UDV, select 
Structured Engineering, and select Structured Ladder Chart/FBD for Program Language, and click 
OK.

Figure 5-1 New Construction Project

Select [Parameters]�[PLC Parameters]�[Built-in Ethernet Port Settings] in the left item tree, modify the IP address, 
subnet mask and other parameters of the PLC, click [Open Settings], and set protocol 1 to [TCP]�[Communication 
Protocol]�[Active]�[4000] (the port number setting range of this site is 1025~4999 and 5010~65534, other port 
numbers have been occupied by the system, please do not use them), and set the communication object according to 
the actual vision sensor used Set the IP address and port number to D2000 (store the operating status of the 
communication protocol for 19 characters from the starting software and do not use the address area again elsewhere 
in the program), click [End of Setting].

Figure 5-2(1) Parameter settings
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Figure 5-2(2) Parameter settings
In the upper menu bar, select [Tools]�[Communication Protocol Support Functions]�[Built-in Ethernet], and enter 
the parameter setting interface.

Figure 5-3 Entering the built-in Ethernet

Click New
The visual sensor register data specifies that you need to set the 03/16 function code, first set the 
03 function code to read the vision sensor hold register, then repeat the above steps, and then add 
the 16 function code to write data to the vision sensor hold register.

Figure 5-4(1) Adding a Communication Protocol

, click [Add], select [Communication Protocol Library] for the protocol type, select [Modbus/TCP] for the model, and the 
protocol name is based on the protocol name
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Figure 5-4(2) Adding a Communication Protocol

Right-click on the blank space and select [Bulk Settings of Soft Components].

Figure 5-5 Entering the soft component batch setup

In the software bulk settings, specify the setup protocol number range to 1-2 and the starting 
software number to D1000 (using the free storage in the program).

Figure 5-6 Batch setup of soft components

[Does it override the set variable?] Select Yes.

Figure 5-7 confirms whether it is overrided

Click [Module Write] , [Object Memory] selects [Standard ROM], clicks [Execute],
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Figure 5-8 Module Writing

If the CPU is in the RUN state and cannot perform the specified function. Set the CPU to STOP and 
then do it again. ], you need to put the CPU in STOP mode and perform the module write 
operation again.

Figure 5-9 RUN status prompt

Click Yes.

Figure 5-10 Override tip

Save configurations to your computer for 
convenienceNext time you use or modify, close the interface after saving.

Figure 5-11 Write completion prompt

5.1.2 Write PLC programs

Select [Program Parts]�[Struct] in the project tree, right-click [New Data], and create the following structure 
variables.

Figure 5-12(1) Establish structure variables

Shows [Write to object memory completed.] ] and then click OK, and it is recommended 
to click Save
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Figure 5-12(2) establishes the structure variables
Select [Program Parts]�[Program]�[Local Label] in the project tree, and add the following variables to the local 
labels.

Figure 5-13 Adding variables to local labels

Double-click [Program Body] to add the following programs.

Figure 5-14 Adding a program

Program line 1: Map the system special register status to the new local label in the previous step to facilitate 
reference in the program.

Figure 5-15 Sample Program 1
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Line 2 of the program: Open the timer Timer_0 using the normally closed contact of the reconnect and open the completed state 

OpenComplete, execute the OPEN command to establish the connection and open the timer Timer_1 after a delay of 500ms, and if 
the connection channel is not opened after 200ms, then set the reconnect reconnect reconnect.

Procedure line 3: When the reconnect reconnect is placed and communication is still not 
established, turn on the timer Timer_2, delay 200ms to turn off the connection relay CloseConnect 
for a scan cycle, execute the CLOSE command to disconnect, and reset the reconnect reconnect 
reconnect.

Figure 5-16 Sample Procedure 2

Lines 4-5 of the program: If the TCP communication is not currently open and there is no open request, and the network cable is well 

connected, the rising edge of the timer Timer_0 will trigger the OPEN command to establish a connection with the camera, the s1 pin in the 

OPEN instruction corresponds to the protocol number in the built-in Ethernet port opening settings, the s2 pin corresponds to some 

parameters of the OPEN directive, occupying 10 word addresses, if the communication parameters are set in the built-in Ethernet port 

opening settings, assign a value of 0 to the first address in s2 Indicates that the set parameters are called, OPEN. S_D[0] is the 

completion bit of the OPEN command, OPEN. S_D[1] is the wrong bit of the OPEN command, which will only trigger a scan cycle, when the OPEN. 

S_D[0] and OPEN. S_D[1] also triggers an error in the execution of the instruction on behalf of the instruction.

Figure 5-17 Sample Program 3

Line 6-7: When the connection is suddenly interrupted due to unreliable network cable connection or other reasons, the open completion state 

OpenComplete will change from TRUE to FALSE, and its descending edge will trigger the CLOSE command to perform the connection closing 

operation, and set the CLOSE command to execute the state CloseStatus, and the normally closed contact of CloseStatus will prevent the 

repeated execution of the CLOSE command. The s1 pin in the CLOSE command corresponds to the protocol number in the built-in Ethernet port 

opening settings, and the s2 pin corresponds to the CLOSE command to control data, occupying a 2-word address, CLOSE. S_D[0] is the 

completion bit of the CLOSE command, CLOSE. S_D[1] is the wrong bit of the CLOSE command, which will only trigger a scan cycle, when the 

CLOSE. S_D[0] and CLOSE. S_D[1] also triggers an error to execute the instruction on behalf of the instruction, and when the execution of the 

CLOSE instruction is completed, the CLOSE. S_D[0] triggers the reset CLOSE command to execute the state CloseStatus.
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Figure 5-18 Example Program 4

Program line 8: Assign 255 to registers D1001/D1136, which are used to store the Modbus slave station number, and 
assign the protocol number to be executed in the communication protocol support function to ECPRTCL. S_S[2]、
ECPRTCL. In S_S [3], D1002 stores the first address of the read vision sensor hold register 0x300, D1003 stores the 
number of read vision sensor hold registers 10 words, D1137 stores the address of the write vision sensor hold register 
0x100, D1138 stores the number of write vision sensor hold registers 3 words, and D1139 stores the byte length of the 
write vision sensor hold register 6 bytes.

Figure 5-19 Sample Procedure 5

Lines 9-10 of the program: When the communication is on, the ECPRTCL instruction is executed to send and receive data from the 

vision sensor, the n1 pin in the ECPRTCL instruction corresponds to the protocol number in the built-in Ethernet port opening 

setting, the n2 pin represents the number of protocols that perform the supported functions of the communication protocol, and 

the s pin represents the soft component that stores the ECPRTCL instruction control data, ECPRTCL. S_D[0] is the completion bit 

of the OPEN instruction, ECPRTCL. S_D[1] is the error bit of the OPEN instruction, which will trigger only one scan cycle, when 

ECPRTCL. S_D[0] and ECPRTCL. S_D[1] also triggers an error in the execution of the instruction on behalf of the instruction.
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Figure 5-20 Sample Procedure 6

Program Line 11: Vision Sensor Formatting The [Trigger] and [Statistical Reset] configured in the 
input string Although the data type is Bit, it still takes up space in ModbusTCP communication, so it 
is necessary to convert Bit and Word in the program, and then map the received and sent stores to 
the newly created local variables.

Figure 5-21 Sample Procedure 7

When the program is edited, right-click on the edited program, select [Program Login]�[Scan], and add the 
program to the scanner.

Figure 5-22 Scanner

Line 12 of the program: In order to facilitate the testing of the test department, the trigger command is sent to the vision sensor through the 

timer command (the vision sensor is configured in single frame or level mode), when the timing time needs to be modified, the timer instruction 

timing time can be modified according to the needs, in this case, the sensor takes a picture once at a timer 2s, if this function is not needed, the 

normally open contact of the SM400 relay in line 12 of the program can be switched to a normally closed contact, this function can be stopped, 
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5.2 Communication Testing

5.2.1 Download the program

Click [Connection Target] on the left project tree, double-click Connection1 in the current connection target to enter the 
connection target settings, click [Programmable Controller Direct Connection Settings] on the right, select which 
connection method and adapter to check according to the actual connection method with the PLC, click [Yes], and then 
click [Communication Test], when the communication is successful, it will display [Successfully connected to 
Q06UDVCPU], click OK to exit the interface.

Figure 5-23(1) Programmable controller directly connects to the setup
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Figure 5-23(2) Programmable controller directly connects to the setup

Click aboveSave button, save the program, and select [Convert/Compile]� [Convert + Compile All].

Figure 5-24 Conversion/Compilation

Select Yes.

Figure 5-25 Compilation confirmation

After confirming that the output is 
error-free, click on it

PLC write, select [Parameter + Program], and click [Execute].

Figure 5-26(1) PLC Write
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Figure 5-26(2) PLC write

Select Yes.

Figure 5-27 Write Acknowledgment

All.

Figure 5-28 Coverage confirmation

When finished, click [Close].
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Figure 5-29 Write complete

Select Yes.

Figure 5-30 Execution

When you're done, power the PLC back on.

5.2.2 Communication Test

Click in the toolbar above Monitor starts, enter monitoring mode, select [View]�[Collapse Window]�[Watch 1],

Figure 5-31 Entering Monitoring

Add the following variables to the monitor window, and right-click [Start Monitor] in the blank space.
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Figure 5-32 Monitoring begins

When the vision sensor is manually triggered to take a photo, change the value of the [CAM_Dat_1.Tigger] variable to [TRUE], the PLC will send a 

trigger command to the vision sensor, the vision sensor will start taking pictures, and continuously output the result data to the PLC, when the 

vision sensor needs to stop in level mode, change the value of the [CAM_Dat_1.Tigger] variable to [FALSE], and when the vision sensor stops 

taking pictures and needs to reset the total number of runs, it will be [CAM_Dat_ 1.Reset] variable value is changed to [TRUE], when switching the 

project ID, the communication of the project ID to be switched needs to be configured to the same communication protocol in advance, 

otherwise the PLC and the vision sensor will be disconnected after the switch, and the vision sensor interface needs to be manually refreshed 

after the switch is successfully refreshed before the switched project ID will be displayed.
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Chapter 6 Siemens 1200 Configuration and Testing

6.1 PLC Configuration

6.1.1 New projects

Open Botu V15.1 and click New button, change the project name and save the path, and click [Create].

Figure 6-1 New Projects

In the project tree on the left, double-click [Add New Device], select the required PLC model and 
version according to actual needs, select 1214C DC/DC/DC, version V4.2, and click [OK].

Figure 6-2 Select PLC model and version
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Double-click the CPU module in the device view to enter the CPU property settings interface.

Figure 6-3 CPU setup interface

In [General], select [PROFINET Interface]� [Ethernet Address], click [Add New Subnet], check [Set IP 
Address in Project], and fill in the IP address and subnet mask correctly.

Figure 6-4 IP filling

6.1.2 Write PLC programs

In the [PLC Data Type] of the project tree, add the structure data type in the figure below, and write 
the ModbusTCP communication program for IO mapping corresponding to the formatted 
input/output string in the vision sensor.

Figure 6-5(1) Add Data Types
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Figure 6-5(2) Add Data Types
Double-click [Add New Block] in the item tree, select [Function Block], select [LAD], change the name, and 
confirm.

Figure 6-6 Adding a function block

Open the newly created function block, click [Block Interface] at the top, and add the following internal variables to 
the interface.

Figure 6-7(1) Adding variables
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Figure 6-7(2) Adding variables

In the [connect] variable of the InOut variable, the relevant parameters of ModbusTCP communication are stored, and 
the specific meanings are as follows: InterfaceId: The hardware identifier of the network port of the client PLC, and the 
corresponding hardware identifier is viewed in [Device Configuration]�[CPU Attribute]�[System Constant].

ID: Connection ID, with a value range of 0~4095, this parameter will uniquely determine the 
connection in the CPU, and each connection must use a unique ID;

ConnectionType: The default value of 11 does not need to be modified, if modified, it will 
cause a communication error; ActiveEstablished:1 means active connection, 0 means 
passive connection; RemoteAddress: The IP address of the connection partner; RemotePort: 
The port number of the connection partner; LocalPort: Local port, 1~49151, 0 is any port.

Figure 6-8 Modifying the variable defaults

After the variable is created, return to the ladder diagram interface, select [Instruction] � [Communication] � 

[Other] � [ModbusTCP] � [MB_CLIENT] on the right side of the programming interface, hold down the left mouse 

button and drag it into the program, in the pop-up interface, select [Multiple Instances], [Name in the interface 

parameters] Select the static variable that has been established in the previous step, click Confirm.
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Figure 6-9 Creating an Instance

Repeat the above operation, add a MB_CLIENT instruction again, realize the functions of data 
reception and transmission respectively, and assign the corresponding pins of the instructions 
according to the following figure.

Figure 6-10 Sent

Program segment 1: When the first scan cycle of PLC power-on or [Client_1.REQ] is set, the [REQ] pin is placed, the 
command sends a communication request, the [DISCONNECT] pin in the command can control the connection with the 
Modbus server to establish/terminate, the default 0 establishes the connection, and the combination of [MB_MODE], 
[MB_DATA_ADDR], and [MB_DATA_LEN] defines the ModbusTCP used in the current instruction In this case, the result 
data of the vision sensor is stored in the address with a length of 20 words starting from the register, 03 function code, 
and 0X300, so the combination of the corresponding [MB_MODE], [MB_DATA_ADDR], and [MB_DATA_LEN] parameters is 
0,40769,20, where [MB_DATA_LEN] connects the input
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Variables [R_Len], controlled by external pins, easy to modify and debug.

Figure 6-11 Polling

Program Segment 2: When the MB_CLIENT instruction in Program Segment 1 completes the bit or 
the wrong position 1, resets [Client_1.REQ], stops sending communication requests, and sets 
[Client_2.REQ] at the same time.

Figure 6-12 sent

Program Segment 3: When [Client_2.REQ] is placed and [Client_2.Busy] is not placed, the [REQ] pin is placed, the 
instruction sends a communication request, and the vision sensor input command is saved in the address that maintains 
the register, 16 function code, and the length of 3 words starting with 0X100, so the corresponding combination of 
MB_MODE, MB_DATA_ADDR, MB_DATA_LEN parameters is 1,40257,3, where [MB_ DATA_LEN] Connect the input variable 
[W_Len], which is controlled by an external pin for easy modification and debugging.
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Figure 6-13 Polling

Segment 4: When the MB_CLIENT instruction in segment 3 completes the bit or the wrong position 1, resets [Client_2.REQ], stops 

sending communication requests, and sets [Client_1.REQ] at the same time, and jointly implements the polling operation with 

segment 2, and the static variable [Connected] in the MB_CLIENT instruction instance can obtain the current connection state, and 

map the connection state to the external InOut variable. It is convenient for debuggers to check the connection status.

Double-click the [Main] main program in the project tree to enter the main program interface, left-
click to drag the newly created FB function block into the main program, change the name of the 
instance DB block as needed, and click OK.

Figure 6-14(1) Adding FB blocks
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Figure 6-14(2) Adding FB blocks

Click [Add New Block], select [Data Block], change the name, and confirm to add the following variables to the data 
block.

Figure 6-15 Adding a New Block

[connect_1] contains information related to ModbusTCP communication, and the starting value is 
modified according to the communication settings of the actual connected vision sensor, and the 
starting value in this case is changed to the following figure.

Figure 6-16 Modifying the Communication Start Value
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Add the variables in the data block to the pins of the FB function block dragged to the main program in the previous 
step, where the [R_Len] pin is the number of registers to read the vision sensor result data, here is 10, [W_Len] is the 
length of the registers to write the vision sensor command, and 3 is filled here. (Note: The [Trigger] and [Statistical 
Reset] configured in the vision sensor formatting input string still take up 1Word space in ModbusTCP communication 
despite the data type Bit, and similarly, [Switch Project ID] still takes up 1Word space despite the data type Byte)

Figure 6-17 Example of Segment (1).

Figure 6-18 Example of Segment (2).

In the program segment 2 of the main program, insert the SCL program segment to convert the word array sent and received by the ModbusTCP 

communication into the data type corresponding to the formatted input and output of the vision sensor communication configuration.

Procedure lines 1-6: When the placement ["MBTCP_Data". CAM_Dat1.Tigger], the PLC sends 1 to the vision sensor 
holding register 0x100 via ModbusTCP, the vision sensor takes a picture, otherwise 0.
Procedure lines 8-12: When the position ["MBTCP_Data". CAM_Dat1.StatisticsReset], the PLC sends 1 to the vision sensor 
hold register 0x101 via ModbusTCP, the [Total number of runs] in the vision sensor is reset, otherwise 0 is sent.
Line 14 of the procedure: Modify ["MBTCP_Data". CAM_Dat1.SwitchProjectId], the PLC sends the corresponding value to the vision 

sensor maintenance register 0x102 through ModbusTCP, the [Project ID] in the vision sensor will change, if the new project switched 

is not configured with ModbusTCP communication, the communication will be interrupted, please be careful when switching.

Procedure lines 22-23: [Straight line presence or absence. state] is the same as above. Procedure 
lines 26-27: [Straight line presence or absence. The conversion method for starting point 
coordinate X is similar to the previous step, with the only difference being that the DWord is finally 
converted to a Real type.

Lines 18-19 of the program: Since the results of the vision sensor received by the PLC are stored in the word array, but the [engineering state] in 

the vision sensor is of the UDInt (32-bit unsigned double integer) type, it is necessary to convert the two characters to the data type, so the 

merger and conversion is carried out through the steps of "Word�DWord� high word left 16 bits� high and low word OR operation�DWord to 
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Procedure lines 30-31: Conversion method with [Project Status]. Procedure lines 34-35: 
Conversion method with [Project Status].

In order to facilitate the testing of the test department, the following program is added to the program section 3 of the 
main program to achieve timing triggering, the timing time can be modified to modify the timer pin and judgment 
conditions, and if not in use, [AlwaysTRUE] can be changed to normally closed contact to block this function.

Figure 6-19 Timed trigger program

6.2 Communication Test

6.2.1 Downloading the program

Select the PLC device in the project tree and click

Error, prove that the compilation 
is passed, click

Download button, select Reinitialize, and click [Load].

Figure 6-20(1) Download the program

Compile button, compile all programs, and show that the compilation is complete and 
error-free
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Figure 6-20(2) Download the program

6.2.2 Communication test

[Monitor All] button to monitor the data 
blockvariable value.

Figure 6-21 Monitoring interface

Double-click the [MBTCP_Data] data block in the project tree, open the data block, 
and click it
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[InOut_1.Connected] shows [TRUE] means that the PLC is connected to the vision sensor successfully, [FALSE] means the connection 

failed, at this time, you need to check whether the connection settings of the PLC are configured correctly according to the above 
instructions, and if so, check whether the communication settings of the vision sensor are correct.

If you need to send a command to the vision sensor, double-click to modify the monitoring value 
of the sent instruction. Note: When the vision sensor is connected to the PLC, after the PLC is 
powered off or put into STOP mode, the PLC can be restarted, the vision sensor and the PLC can be 
connected normally, but the data transmission/reception will be invalid, and the communication 
configuration of the vision sensor needs to be reconfigured or the vision sensor can be restarted.


