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1  Overview

This document is intended to assist a user that is familiar with MATLAB, Simulink and xPC Target to communicate with the SICK Lidar LMS-291 via MATLAB and xPC Target.  Section 2 discusses hardware setup and configuration.  Section 3 will show the user how to configure a LMS-291 that is starting out with the factory default settings using Simulink and xPC.  Section 3 will additionally show the user how to interface to the LMS-291 to collect data. Section 4 will show the user how to configure a LMS-291 that is starting out with the factory default settings using MATLAB.  

2 Hardware Setup and Configuration

The LMS-291 sensor has two black connectors with cables for power and communication.  The connector with the female end is for power and the one with the male end is for communications.

The factory communications cable is straight wired (corresponding numbered pins are connected at either ends).  The LMS-291 unit comes with the default communications cable hardware setup for communication via RS422.  In the default RS422 setup, there is a jumper connection between pins 7 and 8 on the LMS side inside the cable connector. 

In order to communicate with LMS-291 sensor in the high speed mode at 500Kbps, you need to use a high-speed serial interface card.  This card should have a non-standard clock rate that can generate this baudrate. The Fastcom series 422/2-PCI-335 CommTech board has a programmable clock generator that is capable of generating base frequencies from 6 to 50 MHz and hence can be used to communicate with the sensor.
For communication setup via RS422 using the 422/2-PCI-335 CommTech board, perform the following steps:

1. Make a jumper connection between pins 7 and 8 on the LMS side inside the cable connector to enable RS422 output from the LMS-291.  (This is the default factory setting.)

2. Build an adapter with the following pin connections.  (Note: The pinout for RS422 ports has NOT been standardized as part of the RS422 standard.  The pinout described here is ONLY for the Fastcom 422/2-PCI-335.  Check your board’s documentation carefully to determine its pinout.)  
	
LMS end (DB-9 male connector)
	422/2-PCI-335 card side (DB-9 male connector)

	Signal Designation
	PIN No:
	PIN No:
	Signal Designation

	RxD-
	1
	5
	TxD-

	RxD+
	2
	4
	TxD+

	TxD+
	3
	8
	RxD+

	TxD-
	4
	9
	RxD-

	GND
	5
	1
	GND

	NC
	6
	2
	NC

	NC
	7
	3
	NC

	NC
	8
	6
	NC

	NC
	9
	7
	NC


GND – Ground; NC – Not Connected
3 Common Setup and Use tasks in Simulink/xPC Target
The LMS-291 unit will need to have a number of factory software settings changed to work properly at the desired 500Kbps and 75Hz update rate.  These settings need to be changed only once per LMS-291 unit, as it can be set to save the changes in its non-volatile memory when it is powered down.  

Note: The Simulink models for the LMS-291 (RBdemo_LMS291_ConfigSetup.mdl and RBdemo_LMS291_DataRead.mdl) are designed to be used to communicate with a LMS-291 via xPC Target using a Fastcom 422/2-PCI-335 card.  They will not work in a Simulink simulation or using a different card. 

3.1 Configuring the LMS-291 to communicate at 500kbps from xPC when starting at factory setting 9600bps

If one desires to change the baud rate on the LMS-291 from the default factory setting of 9600bps to 500kbps using xPC Target, one would use the RBdemo_LMS291_ConfigSetup.mdl (available from the demos part of the library).  Configure the dialogue box on the “SickLMS291 Configuration” block to be as shown below.
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Now build and run the model on xPC Target with the LMS-291 running with its status LED showing green.  If you see pulses that come back to zero on the xPC Target scope, the configuration is working properly.  If they integrate and form a series of summed step functions, the configuration has failed.  If the configuration was successful, continue to the next step WITHOUT rebooting the LMS-291. 

Then one would change the Fastcom serial block back to its default 500kbps setting and select the Set Only Current Baud Rate as Permanent telegram, as shown below:
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Now build and run the model on xPC Target with the LMS-291 running with its status LED showing green. 

When this has been completed successfully, the LMS-291 will communicate at 500kbps and stay at 500kbps when its power is cycled. 

3.2 Required LMS-291 Configuration Changes via xPC Target when LMS-291 is Communicating at 500kbps

The _RBdemo_LMS291_ConfigSetup.mdl is designed to send various telegrams to the sensor needed to configure the sensor to send data in different formats such as angular range, angular resolution, measurement units and baudrates.  You can select the configuration you need by selecting the appropriate tasks in the LMS Config Telegram dialog box.  

The default state of the block configures an LMS-291 running at 500kbps to use 180° range, 1° resolution, mm units and saves that configuration so when the power is cycled on the LMS-291, the configuration remains the same.  The default state is shown below.  Build and run the model on xPC with the LMS-291 running and showing green on the status LED.  When this successfully completes, the LMS-291 is ready for data acquisition from the RBdemo_LMS291_DataRead.mdl. 
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3.3 Example of Data Collection from LMS-291

Once the LMS-291 is properly configured, the following steps will allow you to collect data off the LMS-291 via the xPC Target PC, send it to the host and display it in MATLAB on the host PC. 

1. Attach the LMS-291 to the RS422 card in the xPC Target PC.  

2. Start Simulink and establish connection with xPC Target PC via ethernet.  

3. Open RBdemo_LMS291_DataRead.mdl and build it for xPC Target.  (Ctrl-B)  The build processs will conclude by loading the executable file onto the xPC Target machine.

4. Open RBdemo_LMS291_HostDataDisplay.mdl.

5. Type tg.start at the MATLAB command prompt. 


6. Click run on the RBdemo_LMS291_HostDataDisplay model window. 


7. View range measurements from LMS-291 on host machine in the figure window that pops up. 


The data in the xPC Target model can be used for any algorithm desired.  In this case, it is being sent out via UDP packets for display on the host machine instead of being used in an algorithm. 

4 Initial Setup Using MATLAB
4.1 Communication setup via MATLAB and RS422 for 500Kbps operation

The Fastcom board is setup to run at 9600 bps by default with a base clock rate of 14.7456 MHz. To setup the sensor and the Fastcom board to permanently communicate at 500K baudrate, perform the following steps.  These steps correspond to the code in the LMS291_ChangeTo500KBaudRate.m  M-file.  
1. Confirm the Fastcom’s Windows driver is set to the default base clock rate, 14.7456MHz.  This can be configured in Windows: My Computer( Properties( Hardware( Device Manager( Ports.


2. Open MATLAB and create the serial object.  

3. Start the sensor and wait till the LED turns green indicating that the unit is ready to receive commands.

4. Send the Status Check telegram using the commands from the M-file and verify if the sensor is able to respond with the return telegram.  Note that 06hex (6 decimal) indicates acknowledgement of the command by the sensor and 15hex (21 decimal) indicates that the sensor failed to acknowledge the command.

5.  Send the telegram to change the baudrate to 500K.

6. Close the serial object in MATLAB using the FCLOSE function.

7. Change the clock frequency of the Fastcom board to 8 MHz. This can be configured in Windows: My Computer(Properties(Hardware(Device Manager(Ports. Also select the check box corresponding “enable custom baudrate”.  Note: Fastcom’s driver gives cryptic errors when the port settings are changed and the port is already open.  Confirm the port is closed if you get errors when applying settings to the Fastcom board.

8.  Reopen the serial object in MATLAB using the FOPEN function.

9. Send the telegram to change to LMS-291’s Installation Mode. 

10. Send the telegram to change to Permanent BaudRate mode. 

11. The Sensor is now ready to communicate at 500Kbps and will remember this baud rate even when the power is turned off.

4.2 Permanent Configuration Setup

Using the instructions from previous section (2.1), you can setup the sensor to remember its baudrate when powered down.  However, the sensor defaults to its default measuring configuration (default settings for LMS291 - measurement units are mm, angular range is 0 – 180, angular resolution is 0.5) when powered back on.  In order to save a different set of configuration settings, perform the following steps.  These steps correspond to the code in the LMS291_PermanentConfigurationSetup.m M-file.

1. Confirm the Fastcom’s Windows driver is set to the default base clock rate, 14.7456MHz.  This can be configured in Windows: My Computer( Properties( Hardware( Device Manager( Ports.


2. Open MATLAB and create the serial object.  

3. Start the sensor and wait till the LED turns green indicating that the unit is ready to receive commands.

4. Send the Status Check telegram using the commands from the M-file and verify if the sensor is able to respond with the return telegram.  Note that 06hex (6 decimal) indicates acknowledgement of the command by the sensor and 15hex (21 decimal) indicates that the sensor failed to acknowledge the command.

5. Send the telegram to change to LMS291’s Installation/Configuration Mode.

6. Send the telegram to change the units to be in mm.

7. Send the telegram to change the angular resolution to be 1º with range 0º – 180º.

8.  Send the telegram to change the baudrate to 500K.

9. Close the serial object in MATLAB using the FCLOSE function.

10. Change the clock frequency of the Fastcom board to 8 MHz. This can be configured in Windows: My Computer(Properties(Hardware(Device Manager(Ports. Also select the check box corresponding “enable custom baudrate”.  Note: Fastcom’s driver gives cryptic errors when the port settings are changed and the port is already open.  Confirm the port is closed if you get errors when applying settings to the Fastcom board.

11.  Reopen the serial object in MATLAB using the FOPEN function.

12. Send the telegram to change to LMS-291’s Installation Mode. 

13. Send the telegram to set this configuration to be permanent.

14. The Sensor is now ready to communicate at 500Kbps with an angular range of 0º -180º and resolution of 1º.  It will remember this configuration even when the power is turned off.

5 Appendix

5.1 Other Telegram Information

You can also send custom telegrams using the Send Custom Telegrams option in RBdemo_LMS291_ConfigSetup.mdl.  Specify the exact telegram as a row vector in the edit box.  The elements of the telegram must be of data-type uint16.  The new configuration can be set as permanent (sensor memorizes the current configuration when powered off) by selecting the Save Current Configuration as Permanent option.

The selected tasks would be performed by sending the appropriate telegrams in the order specified with an interval of 5 seconds between consecutive telegrams.  The FIFO Read block would receive the data back from sensor and should be checked if the acknowledgement has been received for each telegram via the logged output data. The response telegrams would start with either:
6hex (6 dec) indicating that the sensor has acknowledged the command or

15hex (21 dec) indicating that the sensor has failed to acknowledge the command

Note that in this model, the second channel of the Fastcom board is not connected and hence they are grounded in the model.  If however, another sensor is connected to this channel, the model can be modified.

This model uses the Fastcom 422/2-PCI-335 F block with the serial drivers for the board.  The dialog box for the board has various setup parameters to specify the clock rate of the board, buffer space, baudrate etc.  For more information on this block, refer to the documentation using the Help button in the dialog box.  

5.2 Communication setup via MATLAB and RS232 (Optional)

For communication setup via RS232, perform the following steps:

1. Remove the jumper connection between the pins 7 and 8 on the LMS side inside the cable connector

2. Build an adapter with the following pin connections.  Note: the 9 pin RS232 port typical on PC’s has a standardized pinout that is as follows. 

	
LMS end (DB-9 male connector)
	PC end (DB-9 female connector)

	Signal Designation
	PIN No:
	PIN No:
	Signal Designation

	NC
	1
	1
	NC

	RxD
	2
	3
	TxD

	TxD
	3
	2
	RxD

	NC
	4
	4
	NC

	GND
	5
	5
	GND

	NC
	6
	6
	NC

	NC
	7
	7
	NC

	NC
	8
	8
	NC

	NC
	9
	9
	NC


GND – Ground; NC – Not Connected

Now you can switch on the sensor and communicate with it through MATLAB using a standard serial object with the SERIAL function.  Note that in this mode, the maximum baudrate that can be achieved is only 38400. Refer to the LMS291_TelegramList.m M-file for the m-code with the right syntax and telegram listing to communicate and extract data from the sensor.

5.3 Details on Data Collection from LMS-291

The RBdemo_LMS291_DataRead.mdl is designed to send the Continuous Data Transfer telegram at the start of the simulation and send the Stop Data telegram at the specified time (LMS Data Telegram block).  It will continuously read data from the LMS-291 while the device is taking measurements.  The data that is read can be used in any algorithm that can be further implemented in the model.  In this case, the data that is being sent out via UDP packets for display on the host machine instead of being used in an algorithm. 

The LMS Sensor Data block reads the data from the LMS-291  and uses the data header to separate the data for each complete cycle (for instance, 0-180° with 1° resolution will have 181 points with 2 bytes for each point and that would result in 362 data values).  Select the appropriate configuration (measurement units and angular range) of the sensor in the LMS Sensor Data block.  Note that the headers are different for different resolution/unit settings and selecting the right configuration in which the sensor is sending data is important for this block to recognize the data.
This model uses the Fastcom 422/2-PCI-335 F block with the serial drivers for the board.  The dialog box for the board has various setup parameters to specify the clock rate of the board, buffer space, baudrate etc.  For more information on this block, refer to the documentation using the Help button in the dialog box.

