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1.0  Overview

The Versatile Instrumentation Acquisition Server (VIAQS) is a system for controlling and communicating with Bergoz Instrumentation beam diagnostic devices.  This manual provides a general overview of the VIAQS system and the Versatile Instrumentation Software Architecture (VISA).  Instructions are provided on how to start and stop the VIAQS system and how to confirm that the system is running.  It describes how core components work together to provide high-level client access to the data and control parameters associated with a Bergoz Instrumentation beam diagnostic devices.  

To find additional information on the VIAQS system and other low-level details about the VIAQS system, please consult the VIAQS reference manual.

In most cases no additional programming is required to use the VIAQS system.  For those who want to modify VIAQS,  write VIAQS extensions, or simply better understand VIAQS operation,  HTML programming documentation is provided in the source directories for each VISA component.

The VIAQS system is composed of the hardware platform, based on a the National Instruments, PXI standard and the VISA software environment.  The standard hardware configuration consists of a PXI crate with a CPU module and one or more cPCI modules. Debian Linux (www.debian.org) and Comedi (www.comedi.org) device drivers provide the OS and the low-level driver interfaces.  A Java VM (www.java.sun.com) must be installed in order to use the LabView Socket server.
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VIAQS Platform  +  VISA Software  =  VIAQS System

VIAQS is designed to by accessed locally or over the network.  Users may need to have their local system administrator assign and configure an IP address for their VIAQS CPU.  

2.0  Installation

In order to operate the VIAQS system, a Linux operating system and the appropriate COMEDI drivers must be installed on a complete and connected VIAQS.  It is assumed throughout this document that the VIAQS is fully configured and that the user is logged into a valid user account and operating the system (at least initially) via an ssh terminal session.  A basic knowledge of Linux shell commands is helpful. 

In order to connect to a VIAQS system across the network you will need a user account and password.  (You may need to ask your system administrator to set up the IP connection and the account.)  From a terminal program running on a workstation connected to the network, issue the following ssh command:

> ssh user@xxx.xxx.xxx.xxx
You may be ask to verify the authenticity of the connection.  You will be prompted to enter the user account password.  If you connection is successful, you will receive a Linux bash prompt.  From the prompt you can enter basic Linux commands to interact with the system.

The VIAQS installation can be verified by checking that the a viaqs directory exists and has the structure shown below.  (For example, use the Linux ls and cd commands.)

2.1  Directory Structure

viaqs/


bin/



console



startviaqs



Server.jar



config/




users configuration files



Extensions/




Linux-x86/





VIAQS.jar


developer/



console/



startviaqs/



viaqs_jni/



viaqslib/


include/



viaqslib.h


lib/



libVIAQS_JNI.so

libviaqs.so

To upgrade an existing VIAQS system with new VISA software, rename the current viaqs directory and copy a new viaqs directory from the installation CD to the VIAQS system hard drive.
2.2  Starting VIAQS

In order to start a VIAQS system, establish a terminal session with the Linux operating system on the VIAQS.  The IP address and a user account are needed to log on to the system. (See above.)

In the terminal session, change the directory to the viaqs/bin directory and run the startviaqs command with a configuration file as the argument.

> cd viaqs/bin

> ./startviaqs sampleConfigFile.conf&

The startviaqs process should usually be started up as a background process as indicated by “&” at the end of the command line.  When executed in this way the shell prompt will return immediately.  It may be necessary to press <CR> to see the prompt.

In order to verify that the process is active, use the following command:

> ps aux | grep startviaqs
 20734 pts/1    R      0:27 ./startviaqs config/default.conf

>

As the VIAQS starts up, it will read the specified configuration file.  The configuration file contains information for the startup program on how to allocate shared memory buffers and how to initialize data acquisition.  See Section 5.0 for more information about creating and using configuration files.

If  the startviaqs process cannot find the specified configuration file during the startup, the process will exit with an error message.  If no configuration file is specified on the command line, the startviaqs process will attempt to locate and use the “defaultConfig.conf” file.  If the “defaultConfig.conf” file cannot be found, the process exits with an error message.  If the resources necessary to run the VISA software are in use or are otherwise unavailable, the startviaqs process will exit with an error message.

If  the startviaqs command was executed as a background process as indicated above, the shell prompt returns immediately.  It may be necessary to press <CR> to see the prompt.  To verify that the process is connected to the system device layer and that it is communicating with the hardware, a console program is provided which can be started using the following command.

> ./console

VIAQS Console, Interactive Mode

Type ‘help’ for list of valid commands

>

Once the console is running, the user can type “help” to get a list of commands.  Type “listparameters” to see a list of the available parameters, as shown below:

> listparameters

Listing all Parameters:

BPM_1:  X

BPM_1:  Y

BPM_1:  AGC

Debug:  Timing

Debug:  LoopCount

EX:     ALARM5

EX:     Y_ALARM

BPM_1:  X_FFT

BPM_1:  Y_FFT

BPM_1:  X_FFT_MAG

NONE:   auto_analog_test

>

In the listing, the first column contains the group to which the parameter belongs; the second column contains the parameter name.  The columns are separated by the “:” character.  Additional console commands are discussed in Section 3.0.8.

To stop a running viaqs process, issue the ps command as shown above to get the process id (pid).  (The pid is the first numerical column in the output of the ps command.)  Use the command below to kill the process and clean up the shared resources.

> kill –2 20734

The pid is the process id of the startviaqs process.  To verify that the process has stopped, use the ps command as described above.

3.0  Operation

This section of the manual provides an overview of the process details that occur during the operation of the VIAQS/VISA as it creates and maintains a list of parameter objects.  

The main purpose of the Versatile Instrumentation Software Architecture (VISA) software is to establish and maintain a list of parameters so that they may be accessed by the user.  A parameter is a data structure that describes the character and history of a data source.  The parameter list is the data abstraction through which raw data is passed from hardware to user clients connected to the VIAQS system.  The VISA software provides low-level libraries and high-level servers that allow users to access the VIAQS hardware.  Extensions to the VISA software allow the user to customize VIAQS to their specific device needs without additional configuration file coding.

Figure 1 illustrates the process architecture of a running VIAQS system.  The VISA has several components, shown in the figure, that must interact properly in order to provide and maintain driver and client access to parameter list (stored in the shared memory).

[image: image6.bmp]
Figure 1:  Process architecture of the VIAQS system

3.0.1  Hardware

The hardware layer represents the computer and other hardware resources connected to the VIAQS system.  The hardware layer for the baseline system currently includes a PXI (CPCI) crate and the modules that reside in the crate: a CPU module and a multifunction module.

3.0.2  Linux OS

The CPU module runs the Linux OS and provides the embedded operating system in which the VISA software runs.

3.0.3  Drivers

The Linux operating system is extended by adding low-level drivers that provide access to the functions in the PXI modules.  The COMEDI drivers are currently used to provide IO services to the multifunction module.

3.0.4  Core Services Process

The Core Services Process (CSP) is the primary data managing layer of the VISA software.  The CSP is responsible for maintaining the parameter list, insuring that it is current, and verifying that the parameter histories are synchronized with the parameter data sources.  During the start-up sequence, the CSP allocates shared memory and creates a list of parameters based on the parameter specifications in the VIAQS configuration file.  The Shared Memory ID is published in a file in order for the VIAQS Library to find and access the shared memory structures.  After the start-up sequence, the CSP performs a service pass each time the driver layer signals that new data is available or periodically based on a maximum wait time provided in the configuration file.

3.0.5  Configuration File

The configuration file is a simple text file that can be edited by the VIAQS user.  The configuration file is organized as a list of specification blocks which must occur in a specific order.  For example, the CONTROL block comes first, before all DEVICE blocks and all DEVICE blocks must come before all PARAMETER blocks.

When  startviaqs command is executed, the CSP start-up sequence reads the configuration file and creates the parameter list according to the PARAMETER specifications.  The configuration file also provides the information necessary to configure and control VIAQS processes.

3.0.6  Shared Memory

The VISA parameter list is created in a shared memory segment by the CSP based on the specifications in the VIAQS configuration file.  The shared memory segment is shared between the CSP and the VIAQS Library in order to provide parameter access to the user through console and other server connections.  In addition to the parameter list, the shared memory segment also contains structures that control device driver configuration and general process properties.

3.0.7  VIAQS Library

The VIAQS Library provides the basic API for access to the parameters in shared memory.  The Library uses the shared memory ID published by the CSP to find and connect to the shared memory segment.  VIAQS server processes use the routines in the VIAQS Library to read and write information into the parameters in the shared memory segment.

3.0.8  Console

The console process provides diagnostic access to the VISA parameters via a simple command-line interface.  After VIAQS has been started up, the console may be started by executing the following command from the Linux prompt:

> cd viaqs/bin

> ./console

VIAQS Console, Interactive Mode

Type ‘help’ for list of valid commands

>
A list of console commands can be displayed by executing the help command from the console prompt.  Typing a valid command will return the proper format needed to execute the command.

>help

Valid Commands List

~~~~~~~~~~~~~~~~~~~

!

dumpparameter

exit

help

getparameter

getproperty

listparameters

listproperties

refreshparameter

setproperty

>
The “!” command can be used to repeat the last command.  

The exit command exits the console mode.  

The dumpparameter command returns a complete description of the specified parameter block.  The parameter block number must be given in the command line.


>dumpparameter 1


Dumping Parameter 1


latest value => 33263


group => BPM_1


name => X


description => The_Beam_Position_Monitor_X_Parameter


dataType => 2: SHORT


busy => 0


stale => 0


action => 1: AUTO


id => 1


frameCount => 23809110


direction => 3: NO_DATA_TRANSFER


dataSize => 2


srcParamID => 0


historyLength => 4096


processName =>


----------------


>

The getparameter command returns the requested parameter values and the latest frame count.  The command line may include the parameter group and the name of the parameter or just the parameter ID.  The length of the history the user desires to see can also be specified.  

>getparameter BPM_1 X 10

Getting parameter property value for BPM_1:X:

33242 33243 33243 33243 33243 33243 33244 33244 33246 33248

frame count: 24906010

>

>getparameter 1

Getting param value for parameter id: 1

34057

frame count: 2948455

>

The getproperty command returns the value of only the specified user parameter.  The group name, parameter name, and user property name must be specified.

>getproperty EX ALARM5 upper_limit

Getting parameter property value for EX:ALARM5:upper_limit

65537

>

The listparameters command returns the available parameters. In the listing, the first column contains the group to which the parameter belongs; the second column contains the parameter name.  The columns are separated by the “:” character.
> listparameters

Listing all Parameters:

BPM_1:  X

BPM_1:  Y

BPM_1:  AGC

Debug:  Timing

Debug:  LoopCount

EX:     ALARM5

EX:     Y_ALARM

BPM_1:  X_FFT

BPM_1:  Y_FFT

BPM_1:  X_FFT_MAG

NONE:   auto_analog_test

>

The listproperties command returns the user properties of the parameter.  The command line includes the group name and parameter name or just the parameter ID.  

>listproperties EX ALARM5

Listing userproperties for parameter 6

lower_limit = 0

upper_limit = 65537

alarm = 0

latched_alarm = 0

old_frame_number = 115964


>

The refreshparameter command acts an external trigger to update the specified parameter.  The command line needs to include the group name and parameter name or the parameter ID.  

>refreshparameter 6

Refreshing parameter EX:ALARM5

>

The setproperty command is used to change user property values.  The group and parameter names or the parameter ID, user property name, and new value must be specified in the command line.  

>setproperty 6 lower_limit 1

Setting parameter property value for EX:ALARM5:lower_limit to 1


>

3.0.9  EPICS IOC

The EPICS IOC provides an EPICS connection and IO interface to the parameter list by using routines in the VIAQS Library.

EPICS Client

The EPICS client provides a simple MEDM example client that can connect to the VIAQS system and display information about the VIAQS parameter list.  The example is not meant to be a complete VIAQS user interface.  Most VIAQS users will need to make the appropriate modifications in order to meet specific application needs.

3.0.10  LabView Socket Server

The LabView Socket Server provides a LabView connection and IO interface to the parameter list for LabView or other TCP/IP clients by using routines in the VIAQS Library.

LabView VI

The LabView VI provides a simple LabView example client that can connect to the VIAQS system and display information about the VIAQS parameter list.  The example is not meant to be a complete VIAQS user interface.  Most VIAQS users will need to make the appropriate modifications in order to meet specific application needs.

3.0.11  HTTP

The HTTP server provides a web based interface to VIAQS.  The page allows the user to view each parameter and to see its associated group.  The parameter value and frame count can be updated by refreshing the page.  The HTTP client is any browser connected to the VIAQS HTTP server.  

3.1  VIAQS Initialization

As the VIAQS initialization runs, it compiles the configuration file and allocates a shared memory structure for each parameter that is specified in the file.  In shared memory, the parameters are organized as a linked list.

The steps in the VIAQS startup sequence are shown in Figure 2.  First the specified configuration file is opened and precompiled to determine the required resources.  Next, a segment of shared memory is allocated large enough for the control object and for each device and parameter object.  Next the configuration file is compiled into that shared memory initializing the objects from the configuration file specifications.  After a successful initialization, the shared memory ID is published, and the Core Services Process is started.




















Figure 2:  Flowchart of the VIAQS Startup

The Core Services Process (CSP) executes one cycle in response to a signal from the beam line device or to a timer event if no device signals (see Figure 3).  Inside the CSP, each parameter is updated in order.  When this sequence is completed, the process loops, waiting for an input signal or a timeout.  






















Figure 3:  Flowchart of the VIAQS Core Services Process

The four action type parameters that are updated during the CSP are automatic, linked, externally triggered, and housekeeping parameters.  These parameters are data structures that describe the character and history of a data source.  The action types are described next.

3.1.1  Automatic Parameters

Automatic parameters are the core parameters that are updated directly from the raw data provided by the COMEDI drivers.  Updates are driven by the “data available” signal provided by the hardware through the device.  Data are then transferred from the raw data frames to the parameter objects by the Core Services Process.  Data values from automatic parameters generally represent basic information about the beam such as X and Y position.  VISA does not perform any conversions to engineering units.

3.1.2  Linked Parameters

Linked parameter updates are dependent on the automatic parameters.  An alarm may be an example of a linked parameter.  The alarm process checks the new data after every update.

3.1.3  Externally Triggered Parameters

Externally Triggered parameter updates occur when the user requests data from the parameter.  In order to trigger a parameter, the user changes the value of some user property.  VISA sees that the value has been changed, executes the function, updates the parameter value, and sets the user property back to its original value.  The user waits for the user property to return to the original value, then reads the updated parameter value.  This action is invoked using the refreshparameter console command.

3.1.4  Housekeeping Parameters

Housekeeping parameters are used for debugging.  If the debug process is enabled, housekeeping parameter updates contain performance data values.

3.2  Shared Memory

The parameter buffers are allocated in a shared memory segment.  The segment ID and master pointer are passed to the server processes through the file system.  The structure of the parameter buffers linked-list is shown in Figure 4.  The diagram illustrates that the history lengths created in the shared memory may be different.












Figure 4:  Structure of the shared memory

4.0  Configuration File

The fundamental data abstraction in VISA is the parameter object.  VISA creates and manages a list of parameter objects, the “Parameter List” as specified in the configuration file.  A configuration file is required to operate VIAQS.  If a configuration file cannot be found, the process exits with an error message.  
A VIAQS configuration file is a text file of object specification blocks. The configuration file should start with exactly one CONTROL block followed by zero or more DEVICE blocks, followed by zero or more PARAMETER blocks.  The CONTROL block specifies the maximum sleep time between parameter list processing.  DEVICE blocks are required to specify and control the link between the data acquisition hardware and the Core Services Process.  One PARAMETER specification block should be created for each parameter that the VIAQS will manage.  The VIAQS startup process will allocate a parameter buffer for each PARAMETER specified in the configuration file.  A sample configuration file is shown below.

# A simple VIAQS configuration file

# to setup three parameters for a BPM device

CONTROL


VERSION  1.0




DEBUG  TRUE




TIMING  TRUE




MAX_WAIT   100000

#Max wait time in microseconds

END CONTROL

DEVICE


DEV_NAME        
COMEDI




PATH_NAME
/dev/comedi0


COMEDI_FLAGS
0x020   

#TRIG_WAKE_EOS


COMEDI_START_SRC 
0x002  

#TRIG_NOW


COMEDI_START_ARG
0


COMEDI_SCAN_BEGIN_SRC  
0x010       #TRIG_TIMER


COMEDI_SCAN_BEGIN_ARG
0.0005E9    #1e9/2000.0


COMEDI_CONVERT_SRC
16


COMEDI_CONVERT_ARG
10000


COMEDI_SCAN_END_SRC
0x020       #TRIG_COUNT


COMEDI_STOP_SRC

0x001       #TRIG_NONE


COMEDI_STOP_ARG

0

END DEVICE

PARAMETER


NAME

X


DEVICE

COMEDI

# hardware device to use


GROUP


BPM_1


# group name


DESCRIPTION

"BPM_1_X_Parameter"


ACTION
1        


# Parameter is updated via 

  COMEDI

LENGTH
4096      


# The length of the history 

  array

   
DIRECTION 
1         


# Comedi -> VIAQS


SUBDEVICE 
0         


# analog input on the 6031e


CHANNEL 
1

  
DATA_TYPE   2                 
# 16 bit integer

END PARAMETER

PARAMETER


NAME 

Y

   
DEVICE          
COMEDI


GROUP  

BPM_1


DESCRIPTION     
"BPM_1_Y_Parameter"


ACTION  
1


LENGTH  
4096

   
DIRECTION 
1



SUBDEVICE 
0



CHANNEL 
2


DATA_TYPE
2

END PARAMETER

PARAMETER


NAME 

AGC


DEVICE          
COMEDI


GROUP  

BPM_1


DESCRIPTION     
"BPM_1_AGC_Parameter"


ACTION  
1


LENGTH  
4096

   
DIRECTION 
1


SUBDEVICE
0


CHANNEL 
3


DATA_TYPE   2

END PARAMETER

In the above configuration file code, the indentations are not meaningful.  Phrases following “#” are comments.

4.0.1  Control Block

The required control block contains the maximum wait time for the system.  

4.0.2  Device Block

The purpose of the device block is to identify the device driver.  It also specifies the behavior of the driver and the hardware.  For more information, refer to the COMEDI documentation.

4.0.3  Parameter Block

The parameter block defines the parameter and its action property—automatic, linked, triggered, or housekeeping.  

4.1  Configuration File Example

More complex configuration files may be created to include more devices and/or more parameters.  A parameter block may also by used for alarms.  An example is shown next.  

PARAMETER


NAME 

ALARM         



GROUP  
BPM_1



#Reminder that alarm is 

 associated with BPM_1



DESCRIPTION “This_is_alarm_for_BPM_1_X” 



ACTION  
6



#A linked action 


LENGTH  
25



#The length of the history 

 array


SOURCE
1



#The source parameter BPM_1 X 

   
DIRECTION 
1



#From_COMEDI_to_VIAQS



SUBDEVICE 
0



#SUBDEV_ANALOG_INPUT



DATA_TYPE
-1



#TYPE_FLOAT


SOURCE_ID
1



#Linked to source parameter 1

so this is the Parameter    of BPM_1 X source parameter


PROCESS_NAME  “vqAlarmFunction”
#User properties required by 

an alarm function for proper    

operation


#The following user properties are required by vqAlarmFunction


PROPERTY
lower_limit=0


PROPERTY
upper_limit=65537


PROPERTY
alarm=0


#Set and cleared by 

 vqAlarmFunction


PROPERTY
latched_alarm=0

#Remains set until cleared by 

 user


PROPERTY
old_frame_number=0
#Internal use only

END PARAMETER

5.0  Servers

There are four servers that may be used to run the VIAQS system.  Each has a different user interface described below.

5.1  Console

The console provides users with the lowest level of access to the VIAQS system with a command line interface.  The console can be used to save output to text files so the beam line data can be transferred to spreadsheets.  The command line interface is useful when troubleshooting other VIAQS interfaces.  Verification of system startup and parameter definitions are easily accessible with the console.  The available commands in the console interface are listed below.

VIAQS Console, Interactive Mode

Type 'help' for list of valid commands

> help

Valid Commands List

~~~~~~~~~~~~~~~~~~~

!

dumpparameter

exit

help

getparameter

getproperty

listparameters

listproperties

refreshparameter

setproperty

>
5.2  EPICS IOC

VIAQS provides full IOC for access to parameters with the EPICS IOC interface.  The parameter centered architecture of VIAQS follows the architecture of EPICS systems.  Device support in the EPICS IOC utilizes the VMEIO model for access to parameters.  The parameters may be accessed by name or parameter index. 

5.3  LabView

The LabView interface provides a PCP/IP based server which implements connection based protocol for access to parameters.  LabView VI’s are provided as examples so users can build their own instruments for access to the VIAQS system.  The provided examples are listed below.

AddSubmenu.vi

OPEN_VIAQS.vi

ParseStringsForCombo.vi

ParseStringsToCluster.vi

Parsingexample.vi

VIAQS_Disconnect.vi

VIAQS_Init.vi

VIAQS_Test.vi

vqGetParameter.vi

vqGetParamValue.vi

vaGetPropertyInt.vi

vqGetPropertyString.vi

vqGetVersion.vi

vqListParameters.vi

vqRefreshParameter.vi

vqSetDirection.vi

vqSetProcessName.vi

vqSetStale.vi
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Figure 5:  Screen shot of the LabView user interface

5.4  HTTP

VIAQS provides a web based interface with a HTTP page.  The page allows the user to view each parameter and to see its associated group.  The parameter value and frame count can be updated by refreshing the page. 
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Figure 6:  Screen shot of the VIAQS HTTP web page user interface
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