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1 Hardware

The camera system of the W7-AS H,, diagnostic can use up to four SensiCam cameras man-
ufactured by PCO Optics GmbH. Each camera has its own controlling PC running Windows
NT operating system. The four NT computers and a fifth PC running Linux operating system
are connected by computer network. This latter machine will be referred to as the diagnostic
control computer. This small piece of network is connected to the rest of the W7-AS data
acquisition system through a network switch which separates the internal traffic of the H,
diagnostic from the rest of the WT-AS data acquisition system. The connection is shown on
Fig. 1. This scheme allows one to move large data files between the H, computers without
overloading the rest of the W7-AS network.
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Fig.1. Connection of cameras and computers in the H, diagnostic.

As the SensiCams are connected to their control PC through a fiber link all four computers
can be located in the W7-AS control room and the cameras (with their power supplies) can
be placed at arbitrary places in the experimental hall. The fiber link also means ground
independent connection, thus the set-up is clearly free of any ground loops.

Exposure of the four cameras is done independently of each other. A common (negative
going edge TTL) trigger is distributed to all four controlling computers and timing is referred
relative to this trigger.

Details of the hardware components and connections for one camera are shown on Fig. 2.
The SensiCam camera is powered from its own power supply, which also provides forced air
cooling. Control of the camera is done through a special PCI interface card. This card controls
camera timing and also serves for image storage. Besides the camera fiber link connectors the
PCI card has a BNC connector, which can be used both for triggering exposures and measuring
camera exposure timing at the same time. It should be noted that this connection is not TTL,

but CMOS level.
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Fig.2 Hardware scheme of one SensiCam with controlling PC.

Camera timing is accomplished by a National Instruments PC-TIO-10 general purpose
counter-timer interface board. This card uses one ISA slot in the PC and has a 50-pin ribbon
cable connector on its backplate. The connection of the camera to the PC-TIO-10 card is done
through the NI-TRIG-1O timing input-output interface from CAT-SCIENCE. This box serves
several purposes: it combines counter outputs from the many counters of the PC-TIO-10 card
into one output trigger signal, separates input and output of the SensiCam timing signal and
provides appropriate mechanical interfaces for both the timer card and the camera. The trigger
signal from the W7-AS timing system is also connected to the NI-TRIG-IO box. For a detailed
description of the NI-TRIG-IO unit please refer to its user guide. The timing hardware is
sensitive for negative (H-L) edges bot for the trigger input and EXP signal.

2 Software

2.1 Overview

The control programs of the H, diagnostic are divided into two parts; the one running on the
NT computers (one program per camera), and the ones on the Linux machine (one program
package for the whole diagnostic). The software scheme is shown on Fig. 3. The two parts are
communicating using RSH (Remote Shell) and RCP (Remote Copy) calls. RSH/RCP is a usual
component of Unix systems and they are also available for Windows NT/98/95. This way the
connection of the machines is system independent. It should be noted that RSH/RCP means a
rather unsecure way of connection especially on Windows systems thus it is not recommended
to store sensitive material on the camera control PCs.

The program part running on the diagnostic control PC is written in IDL. As IDL is
available for many operating systems (different Unix, Windows, ...) this part can be operated
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on any of these platforms. There are slight differences in system calls on different operating
systems, thus the IDL programs have to be prepared for the various ones. At present the
programs are tested on Linux, IBM Unix (das computers) and Windows NT. This way the H,
diagnostic can be controlled not only from PCSHALPHA but from virtually any computer on
the internet running IDL. However, it should be noted that on Windows NT IDL and RSH/RCP
are not very effective due to the limited multitasking capabilities.
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Fig.3 Software scheme and interfaces of the H, camera system

The camera control program running on the Windows NT system is called PCO.EXE. It
is a windows “consone application” written in Visual C using the PCO Software Development
Kit (SDK) and National Instruments Data Acquisition C routine set (NI-DAQ). The internal
structure of the program is not documented here, please see the comments in the program text
PCO.C.

The software can take multiple series of exposures with the cameres. One series consists
of a sequence of images which are equidistantly spaced in time. Up to five exposure series can
be set for one camera and all settings (exposure time, region of interest (ROI), binnig) can be
different for the series.

2.2 Software requirements and set-up

The following software components are needed for the H, diagnostic.

On the camere control PCs:

Windows NT 4.0 operating system.

Winsock RSHD/NT and RCP/RSH/REXEC packages from Denicomp Co.
(www.denicomp.com).

National Instruments NIDAQ driver installed and PC-TI10O-10 card configured.

e PCO Sensicam driver version 5.07 or later installed.



On the diagnostic control computer:

e IDL 5.0 or higher.
e RSH/RCP

Access rights should be set up on both the camera control NT systems and on the diag-
nostic control machine in a way to enable file copy with RCP and remote command execution
with RSH. On Unix machines this is done by entering names of the camera control computers
in the .rhosts file in the user’s home directory. On NT RSH/RCP access rights are set in
Settings— ControlPanel—RSHD. The connection can be checked by e.g. making directory lists
from the remote computer. On Unix machines the command is
rsh pclhalpha.w7.ipp-garching.mpg.de dir
while on NT systems the same command (with the appropriate computer name) can be issued
from the MSDOS command prompt. Set-up is the easiest if the users on the camera control
and diagnostic control computers are the same.

The National Instuments (NI-DAQ) data acquisition interface needs to be configured to
know the PC-TIO-10 card. During the set-up procedure a device number will be given to the
card. In default PCO.EXE looks for device 1 to access the PC-TIO-10 card. However, if the
card has a different device number it can be entered in an ASCII file called “PC-TIO.DEV” in
the same directory where PCO.EXE resides. If this file is present the program expects a single
ASCII coded decimal number in it.

There are three interfaces to camera control. First, the camera control program can
be run from the NT command line, or alternatively from a remote computer’s command line
through RSH. Parameters of the camera set-up are written to file CAMERA.CNF. An example
configuration file is shown in Appendix A. This way of control is not meant for regular operation
of the diagnostic, it is mentioned for reference or future development only.

2.3 IDL programming interface

The second interface is the IDL programming interface. At this level operation of the H,
diagnostic can be controlled from an IDL program using the procedures and functions described
in Table 1. A detailed description of the program arguments can be found in the head of the
program files and in Appendix B.

The input-output interface description of these programs is shown in Appendix B. Be-
sides the programs listed in Table 1. the IDL software package contains a set of smaller IDL
subprograms which are documented only in the program files. Using this IDL program package
the user of the diagnostic can write his/her own IDL program to automatically perform special
routine tasks, e.g. do calibrations and evaluate them. An IDL program called test.pro is
provided as example for the usage of the IDL programming interface. The operation of the
system and the IDL programs is described in Section 3.



IDL program Type | Description

meas pco.pro PRO | Starts measurement with one camera. (Sets the cam-
era to ARMED mode.) The procedure returns af-
ter PCO.exe is started on the remote NT machine.
The remote machine starts measurement on the hard-
ware trigger. After the measurement is done it copies
the output of PCO.EXE back to the diagnostic con-
trol machine to a “result file”. This file is read with
camera_meas_status.pro.

camera meas status.pro | FUNC | Determines the status of the measurement at one cam-
era. Reads the “result file”, if it is not found than the
camera hasn’t finished yet. If the file is found the result
of the measurement is determined from the last line of
the file.

get_camera file.pro PRO | Makes the data file of one camera available for reading
and returns the full filename of the data file. If the
remote N'T is mounted on the diagnostic controlling
machine, the file is not copied. Otherwise the file is
copied with RCP. See halpha.cnf for mount path and
data dir settings.

read_pco.pro PRO | Reads an image and settings from a camera data file.
get_lastshot.pro FUNC | Gets the last shotnumber from the W7-AS data ac-
quisition system. Needs a server IDL program to be
available on one of the das computers.

Table 1. IDL programs for controlling the H, diagnostic.

The third interface to the H, diagnostic is the halpha gui IDL program, which is a
graphical user interface (GUI) built on top of the IDL rourites described above. The GUI is
ducumented below in a separate section.

2.4 Graphical User Interface (GUI)

The Graphical User Interface (GUI) provides an interactive interface between the user and the
IDL programs described in the previous section. It can be used for

e making measurements automatically with W7-AS timing,
e displaying old measurements,
e performing test measurements.

The main panel can be seen on Fig. 4. Here the user can select the operting mode (mea-
surement, old measurement, test measurement) of the system. The shot field (read-only) will
show the shot number in the measurement mode (this is defined by the W7-AS data acquisition
system and read by get_lastshot.pro). In the old measurement and test measurement modes
the filename is defined by the filename field which can be edited by the user.

Pressing the button the selected action will be terminated. The button will

start the selected mode, and with the button the user can exit from the graphical user
interface.

With the camera buttons ([1][2][3][4]) one can select the camera whose parameters will be
edited (see Fig. 6). The checkboxes below these buttons activate and disactivate the cameras.
The read-only text fields in the next row show the state of the cameras. Six states are defined:
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e 'OFF’: camera is inactive;

e 'IDLE’: camera is waiting for start of measurement;

e 'ARMED’: camera is ready for measurement, waiting for trigger;
e 'MEAS. OK’: measurement is finished, data file not available yet;
e 'ERROR’ : Error occured during measurement;

e 'DATA OK’: data are available for visualisation.
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Fig.4. Main panel of the GUL

On Fig. 5. the first graphical field visualises the gates to the cameras. The timerange of
this plot can be set in the halpha.cnf configuration file, see in section 3.3. Below the graphical
field the selected camera number (read-only field) and the time of the displayed image is printed.
Clicking onto the traces the selected camera number and the selected time changes. With the
‘<’ and ’>’ buttons the user can change the selected time frame-to-frame. The selected time
is shown betwen these buttons and a vertical line shows this time also on the time trace of the
camera gate. To display images the operation mode should be set to “old measurement” and
the button has to be pressed.

Pressing the CAT-SCIENCE logo information about the company will appear in a sepa-
rate window.

The graphical field below the company logo button is used to select ROI (region of interest)
graphically. Details are given below.
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Fig.5. The camera gate and time selection section of the GUL

Fig. 6. shows that section of the main panel where the user can change the parameters of
the measurement. Every row represents one gate of the timing, that is one series of exposures.
For each camera five non overlapping gates can be defined. The first widget in every row
activates or disactivates the gate. This can be seen immediately on the graphical field where
the gate traces are outlined. The start time and stop time is given in seconds (relative to the
WT7-AS plasma start) and the exposure time in ms. The ROI can be edited in the input fields
in this section or graphically clicking onto the lower left and upper right corners of the desired
region in the graphical ROI selection field. Prior to using the graphical ROI selection the
(Select ROI) button should be pressed. Binning in both directions can be selected by a droplet
list.

The last two fields of each row are read-only and display the frame time calculated
from the hardware capabilities and the number of frames in the specified timewindow.
These values are calculated and displayed when a camera configuration is checked using the
| Check selected camera | button. Changing the selected camera the program will automatically
perform a check. This way of operation is desired to ensure that the configuration is valid when
the user starts the measurement.
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Fig.6. Exposure parameter selection region.

In the lower part of the main panel (see Fig. 7.) the messages of the program to the user
can be seen in a scrollable, read-only text field. Near to this text field two buttons serve for
checking the parameter set-up manually: check the selected camera (| Check selected camera |) and
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all active cameras (| Check all active cameras|). The last button is used to fill a default parameter
set-up stored in the graphical user interface program. These default values are defined in
halpha hui.pro in procedure set_init_widget.

The four cameras operate independent]l of each other. The reference time of their timing is
defined b a common trigger signal but the start stop time and all other parameters of the
e posure series can be set independentl . or ever camera ma imum e posure series can
be set. ach series can have di erent binning and e posure settings. The start of the
series should be bet een - . s relative to the trigger pulse. The time of the trigger pulse
relative to - timing is entered in the halpha. n configuration file. The start triggers of
the e posure series have itter due to internal operation of the timing hard are and
the ensi ams have another itter due to their internal timing.  short time (less than
ms) is needed bet een the e posure series to reprogram the camera setting.

The . stimespan of the measurement can be changed b changing the _
constant in the . source code and recompiling . . This a the timespan can be
changed to s but this ill also increase the itter to ms.

The ensi am cameras are operated in simultaneous mode  hich means that the
images are read out from the hile the ne t image is being e posed. This a the camera
can collect light during the readout time as ell and the frametime (repetition time of
the frames) is determined b the readout time or b the e posure time hichever is longer.

efore the e periment can start the setup of each camera should be defined. hen
using the programming interface it is highl recommended to chec each setup using the
eas_p o.pro program before e ecution usingthe he s itch. ( fthe diagnostic is operated
from the thisis done hen one presses one of the chec buttons.) n this call the program
chec s hether the specified setup is valid and returns the frametime and the e pected number
of e posures bet een the specified start and stop time of the e posure series. To fulfill this tas
the file ti e.dat needs to be present in the director of the programs. tisno assumed
that all cameras are identical the same ti e.dat file is valid for all four. or creation if this
file see section
ormall operation is started b calling eas_p o.pro for all of the active cameras se-

uentall . ach of these calls rites a . file and copies it to the appropriate camera
control T machine. . is run through an call from the diagnostic control computer
to the camera control computers. . programs the camera and the timing circuitr and

aits for the start trigger. This state is called . ppropriate time (about one minute)
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