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NOTE: This tutorial and sample code are designed to run in MATLAB 2011a (32-bit)
Introduction
This document describes the steps necessary to perform a virtual real-time hybrid simulation (RTHS) of a two-story structure with a damper at the first story. The sample demonstrates the use of two xPC target computers to send and receive data using UDP blocks between two xPC targets (typically on a single router). The sample includes the necessary MATLAB codes, Simulink models, and an input file with the El Centro earthquake to perform the simulation. This sample is designed to illustrate the steps to execute an RTHS. Either component could be replaced with a physical substructure connected through xPC for a true RTHS. 

This sample simulation will model a structure subjected to an earthquake, using an El Centro earthquake, and a damper. xPC Target 1 will execute the model of the two floor structure in real-time, and the xPC Target 2 will execute the model of the damper. The two target computers will communicate with each other and share data, including the velocity, acceleration and force. After the simulation has completed, the results will be sent from the xPC Target 1 to the host computer. [image: ]
Figure 1: Schematic of the Virtual RTHS 


Overview
NOTE: This tutorial assumes you have Java installed. 
· To install Java: http://www.java.com/en/download/index.jsp - be sure to uncheck the ask toolbar
Step 1:  Install MATLAB on one machine, import xPC library into the MATLAB                     environment, and set up the xPC Target system on the two target computers.
Step 2:	 Open the example scripts and models in MATLAB.
Step 3:  Set the parameters of the MATLAB script and Simulink diagrams.
Step 4:  Run the script.



Getting Started
Step 1:
The installation of MATLAB will not be covered in this document; MATLAB is only needed on the host machine. The xPC library for Simulink can be obtained through your university or from the MATLAB website. Once MATLAB and the xPC library have been installed on the host machine, a boot drive can be made by the host for each of the target computers to be set up. 

For more information and instructions, see the documentation that can be found on the mathworks site. 
http://www.mathworks.com/products/xpctarget/


Step 2: Open the script and models in MATLAB
Among the provided example material, there should be two scripts, two models, and a data file. These will be accessed through MATLAB and some parameters will need to be changed before the script can run. 
Follow these steps:
· Download the zip file to your computer and save it. Unzip the ‘Virtual_RTHS_sample’.
· The Simulink models should be saved under the names of structure_xpc1 and damper_xpc2. The scripts are named Run_sim and parameters. The earthquake data file is named elcentro.
· All the files should be saved in the same directory. 
· To open the files, first make sure that MATLAB is in the correct directory.
· Open the Run_sim script and the two Simulink models.










Step 3: Setting Parameters
Target 1 Model: structure_xpc1	
[image: ]
Figure 2
Target 2 Model: damper_xpc2
[image: ]
Figure 3



NOTE:
To conduct the testing using this example, one must first install an additional network card dedicated to the virtual RTHS needs card on each PC in the xPC system. All network cards need to be connected to a single router. 
On-board network cards will be used for downloading code / uploading scope-data. Dedicated network cards will be used for data transfer between the two xPC targets.
The real-time UDP send/receive blocks will be used with proper packing sizes for network buffers in the Simulink diagrams. 


Network (UDP) Config Blocks: 
The dedicated network cards must be set to new IP addresses (which are different than the IP address of the xPC system onboard target) using the network UDP configuration blocks (see Figure 4). 
Open the Network Configuration block in each Simulink model. Set the IP address for the dedicated network card to an appropriate value for your network, as well as the gateway, PCI bus and PCI slot number.
The information for the PCI bus and slot can be found using the MATLAB command xpcexplr if the xPC system has already been set up. 
    [image: ]    [image: ]
[bookmark: _GoBack]Figure 4: Network Config Blocks (xpc1and xpc2 left to right)
UDP send and receive blocks:
In the real-time UDP send/receive blocks, the IP address and the port number should be set to the device being sent to or received from.
(The IP address should be the server IP in this case and the port number should be the same that was set in recipients on the server layer.)
The IP port numbers should be different in the UDP send and receive blocks in the Simulink diagrams. Here the settings are 25001 and 25002 (see Figure 5 & 6). It is necessary to use different ports so that data can be sent and received with no conflicts.
The recipient and sender numbers should be the IP address and the port number of xPC targets. The example uses:
xPC1: 128.46.160.54
xPC2: 128.46.160.53

Notice that for each model the IP addresses in the UDP send and receive blocks are different from the IP address found in the Network Configuration block
[image: ][image: ]



Figure 5: Send and Receive blocks for xpc1[image: ][image: ]
Figure 6: Receive and Send blocks for xpc2

Run_sim IP Address change:
For the script to run on your system, it is necessary to modify the one line of code highlighted below where an IP address is used. This IP address will be the static IP address for the on-board network card for Target 1. It will need to be changed to your individual IP address. 
TargetIP = '128.46.160.52'; 
target_ftp = xpctarget.ftp('TCPIP',TargetIP,'22222'); %(Run_sim script file)
Step 4:
Run the script named Run_sim using either the command line

>> Run_Sim

or the green ‘Run’ arrow in the MATLAB menu. 

After execution a figure with the results will display (see Figure 7). 

Figure 7: Results
[image: ]











xPC Target1
[image: ]






xPC Target 2
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